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PREFACE 


The  aim  in  writing  this  book  has  been  to  give  data,  details  and  tables  for  the  design  and 
construction  of  steel  bridges  and  buildings.  The  book  is  written  for  the  structural  engineer  and 
for  the  student  or  engineer  who  has  had  a  thorough  course  in  applied  mechanics  and  the  calcu- 
lation of  stresses  in  structures.  To  this  end  data  and  tables  that  will  be  of  service  to  the  designing 
and  constructing  engineer  have  been  given,  rather  than  predigested  data  and  designs  that  might 
be  used  by  the  untrained.  The  book  is  intended  as  a  working  manual  for  the  engineer,  draftsman 
and  student  and  covers  data,  details  and  tables  for  the  design  of  the  structures  ordinarily  met 
with.  Swing  and  movable  bridges,  cantilever  and  suspension  bridges  require  special  treatment 
and  have  not  been  considered.  As  the  book  is  intended  to  supplement  the  present  books  on 
stresses  the  calculation  of  stresses  in  bridges  and  buildings  has  been  only  briefly  considered. 
The  calculation  of  stresses  in  retaining  walls,  bins,  stand-pipes,  and  other  structures  not  ordinarily 
covered  in  text-books  on  stresses  have  been  given  in  compact  form.  Great  care  has  been  used 
to  give  examples  of  structures  that  represent  standard  practice.  With  a  few  exceptions  the  draw- 
ings of  details  of  structures  have  been  especially  prepared  for  this  book  from  actual  working  plans. 
The  book  is  a  source  book  and  is  not  a  treatise,  and  is  intended  to  furnish  data  and  details  that 
are  available  only  to  a  few  engineers;  and  standard  specifications  for  materialsand  workmanship 
that  are  available  only  in  transactions  of  societies  and  in  special  treatises. 

The  tables  giving  properties  of  columns,  top  chords,  plate  girders  and  struts  have  been  cal- 
culated especially  for  this  book,  and  are  original  in  material  and  arrangement.  In  calculating 
the  tables  only  those  sections  which  comply  with  standard  specifications  have  been  given.  The 
tables  have  been  calculated  by  the  use  of  calculating  machines  and  have  been  checked  with  great 
care.  The  values  will  be  found  to  be  correct  to  one  unit  in  the  last  place  given.  Properties  of 
Carnegie  and  Bethlehem  sections  are  given  in  a  compact  form  for  easy  reference.  The  tangents 
of  the  angle  of  the  axis  giving  the  least  radius  of  gyration,  given  in  the  tables  giving  properties 
of  Carnegie  angles,  were  taken  from  Cambria  Steel.  With  the  exception  of  a  few  special  I  beams 
and  channels  the  tables  may  be  used  for  Cambria,  Pencoyd  and  Jones  &  Laughlin  angles,  I  beams 
and  channels.  The  American  Bridge  Company  standards  for  eye-bars,  loop-bars,  clevises,  pins, 
and  other  structural  details  are  given.  Tables  of  logarithms,  function  of  angles  and  tables  that 
are  easily  available  have  not  been  included. 

The  size  of  the  book  and  the  size  of  the  type  page  were  selected  for  the  reasons  that  they  give 
a  book  of  standard  size  with  a  type,  page  large  enough  so  that  each  table  can  come  squarely  on  one 
page,  and  large  enough  so  that  complete  plans  of  structures  can  be  given.  A  large  clear  type  was 
selected  for  both  the  text  and  for  the  tables.  The  paper  has  been  selected  with  the  idea  of  clear- 
ness of  the  printed  page. 

This  book  is  a  result  of  many  years*  work,  during  which  time  the  author  has  written  four 
books  on  structural  engineering.  In  writing  this  book  the  author  has  drawn  on  his  other  books,' 
although  much  of  the  material  given  on  steel  mill  buildings  and  highway  bridges  is  new,  and  the 
Structural  Engineers'  Handbook  supplements  the  author's  other  books. 

Data  and  details  have  been  obtained  from  many  sources,  to  which  credit  has  been  given  in 
the  body  of  the  book.  The  author  is  under  special  obligation  to  many  engineers,  to  which  special 
acknowledgment  cannot  be  made  on  account  of  lack  ot  space. 
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In  writing  this  book  the  author  has  been  assisted  by  several  of  his  former  students.  Credit 
is  due  to  Mr.  I.  C.  Crawford,  Instructor  in  Civil  Engineering,  for  assistance  in  calculating  tables 
and  reading  proof;  to  Mr.  C.  S.  Sperry,  Instructor  in  Engineering  Mathematics,  for  assistance  in 
calculating  tables;  to  Professor  H.  C.  Ford,  of  Iowa  State  College,  and  Mr.  T.  A.  Blair,  Instructor 
in  Civil  Engineering,  for  assistance  in  preparing  the  drawings;  and  especially  to  Mr.  W.  C.  Hunt- 
ington, Assistant  Professor  of  Civil  Engineering,  for  assistance  in  arranging  and  calculating  tables, 
reading  proof  and  assistance  in  other  ways. 

The  author  will  appreciate  notices  of  errors  and  suggestions  for  the  improvement  of  future 
editions. 

M.  S.  K 

Boulder,  Colorado. 
August  23,  1914. 


PREFACE  TO  SECOND  EDITION 


In  this  edition  details  of  steel  windows  and  doors,  data  on  cement  and  gypsum  tile  roofs, 
solutions  for  bending  moments  in  mill  building  columns  and  stresses  in  stiff  frames  have  been  added 
to  Chapter  I,  and  Chapter  III,  Steel  Highway  Bridges,  has  been  rewritten  and  enlarged.  All 
known  errors  have  been  corrected.  Duties  required  of  the  author  as  Assistant  Director  in  Charge 
of  Construction  of  the  U.  S.  Government  Explosives  Plant,  Nitro,  West  Virginia,  have  made  it 
impossible  to  complete  a  more  thorough  revision  that  was  planned. 

M.  S.  K. 

U.  S.  Government  Explosives  Plant  "C," 
.    Nitro,  West  Virginia, 

May  12,  19 18. 
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STRUCTURAL  ENGINEERS'  HANDBOOK 


Introdttction. — ^The  book  is  divided  into  two  parts  which  are  self  contained.  Part  I  includes 
a  discussion  of  the  design  of  structures  and  gives  data  and  details  for  the  design  of  steel  bridges 
and  buildings.  Part  II  contains  tables  for  structural  design  and  includes  tables  giving  the  proper- 
ties of  rolled  sections,  properties  of  built-up  sections  for  chords,  columns,  struts,  plate  girders, 
etc.,  and  data  for  standard  structural  details. 

PART  I. 

Data  and  Details  for  the  Design  and  Construction  of  Steel  Bridges 

AND  Buildings. 

Introduction. — ^The  discussion  in  Part  I  has  been  limited  to  steel  bridges  and  buildings  and 
other  simple  steel  structures;  no  reference  being  made  to  swing  and  movable  bridges,  cantilever 
and  suspension  bridges.  The  design  of  a  bridge  includes  the  design  of  the  substructure  as  well  as 
the  superstructute,  so  that  the  design  of  retaining  walls  and  bridge  abutments  has  been  briefly 
discussed.  Timber  trestles  and  bridges  are  required  for  temporary  structures  and  for  the  erection 
of  steel  structures,  and  a  brief  discussion  of  timber  trestles  and  bridges  is  therefore  properly 
included. 

The  design  of  a  structure  requires  not  only  a  knowledge  of  the  properties  of  materials  and  the 
ability  to  calculate  the  stresses,  but  also  a  knowledge  of  local  conditions  and  requirements,  of  , 
economic  design,  of  details  of  construction,  of  methods  of  erection,  methods  of  fabrication  and 
their  effect  on  cost,  and  of  many  other  matters  which  limit  the  design.  The  most  economical 
structure  for  any  given  conditions  is  the  one  which  will  give  the  greatest  service  for  the  least 
money,  quality  of  service  and  the  life  of  the  structure  being  given  proper  consideration.  Financial 
limitations  joiten  limit  the  design  and  the  problem  then  is  to  design  a  structure  that  will  give 
satisfactory  service  with  the  money  available. 

To  design  a  satisfactory  structure  when  limited  by  financial  considerations  is  a  problem  that 
requires  the  exercise  of  the  highest  possible  skill  on  the  part  of  the  engineer.  He  must  be  able  to 
select  an  economical  type  of  structure;  he  must  make  an  accurate  estimate  of  the  loads  to  be  carried 
by  the  structure;  he  must  be  able  to  calculate  the  stresses  with  accuracy;  he  must  make  the  Re- 
tailed design  with  due  reference  to  ease  of  obtaining  the  material,  the  cost  of  shop  work,  and  the 
cost  of  erection. 

The  shop  cost  of  steel  structures  varies  with  the  type  of  structure,  the  size  and  weight  of  the 
members  and  upon  the  make-up  of  the  members  and  the  details.  By  using  fewer  and  larger  mem- 
bers, by  using  rolled  beams  and  columns  in  the  place  of  built-up  plate  girders  and  columns,  and  by 
usmg  tie  plates  in  the  plac^  of  lacing,  the  shop  cost  per  pound  of  a  railroad  bridge  may  be  materially 
reduced.  If  the  simplification  of  the  design  is  carried  too  far  the  reduction  in  shop  cost  will  result 
in  a  material  increase  in  the  weight  of  the  bridge,  and  in  an  increase  in  the  cost  of  the  bridge, 
with  a  decrease  in  efficiency.  The  details  of  the  design  of  a  structure  should  be  worked  out  with 
reference  to  ease  and  economy  of  erection  as  well  as  ease  and  low  cost  of  fabrication.  While  the 
standardizing  of  connections  so  that  multiple  punches  may  be  used  may  result  in  a  considerable 
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saving  in  shop  cost,  it  often  results  in  a  material  increase  in  the  weight  of  the  details  of  the  struc- 
ture, and  in  the  number  of  field  rivets,  so  that  the  efficiency  of  the  structure  is  not  increased, 
and  the  final  cost  of  the  structure  is  not  reduced.  The  author  has  in  mind  a  case  where  to  change 
the  details  of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details 
equal  to  5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field 
rivets,  with  no  increase  in  efficiency. 

The  best  results  are  obtained  when  the  structural  engineer  prepares  carefully  worked  out 
detail  drawings  (not  shop  drawings)  in  which  the  efficiency  of  the  structure,  ease  of  fabrication 
and  ease  of  erection  are  given  due  consideration.  The  shop  drawings  may  then  be  prepared  by 
the  bridge  company  to  take  the  greatest  possible  advantage  of  improved  shop  methods  without 
decreasing  the  efficiency  of  the  structure,  or  increasing  the  total  weight,  or  increasing  the  cost  of 
erection. 

Part  I  is  divided  into  seventeen  chapters,  of  which  the  first  eleven  chapters  cover  different 
types  of  structures,  and  the  last  six  chapters  cover  subjects  which  apply  to  all  types  of  steel  con- 
struction. While  the  aim  has  been  to  present  the  largest  possible  amount  of  information  in  the 
limited  space,  each  subject  presented  is  discussed  briefly  in  a  logical  order. 

While  the  author  has  drawn  on  his  other  books  in  the  various  chapters,  the  reader  will  find 
much  new  material  on  the  subjects  covered  in  the  other  books,  especially  in  Chapter  I,  Steel  Roof 
Trusses  and  Mill  Buildings,  and  Chapter  III,  Steel  Highway  Bridges,  so  that  this  book  supple- 
ments the  author's  other  books  on  structures.  Each  chapter  is  self-contained,  the  illustrations 
and  tables  being  numbered  independently  of  the  other  chapters.  As  far  as  possible  the  different 
subjects  are  discussed  fully  in  each  chapter,  thus  reducing  cross-references.  The  most  of  the 
cross-referencing  is  made  through  the  index,  which  together  with  the  table  of  contents  will  be 
found  invaluable  to  the  reader. 


CHAPTER  I. 
Steel  Roof  Trusses  and  Mill  Buildings. 

Definitions. — The  following  definitions  will  assist  the  reader  in  a  study  of  roof  trusses  and 
steel  frame  buildings. 

Trass. — ^A  truss  is  a  framed  structure  in  which  the  members  are  so  arranged  and  fastened 
at  their  ends  that  external  loads  applied  at  the  joints  of  the  truss  will  cause  only  direct  stresses 
in  the  members.  In  its  simplest  form  a  truss  is  a  triangle  or  a  combination  of  triangles.  In  this 
chapter  it  will  be  assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (2)  that  the 
axes  of  the  members  meet  in  a  common  point  at  the  joints,  and  (3)  that  the  joints  have  friction- 
less  hinges.  ^ 

Ttansverse  Bent — ^A  transverse  bent  consists  of  a  truss  supported  at  the  ends  on  columns 
and  braced  against  longitudinal  movement  by  knee  braces  attached  to  the  lower  chord  of  the 
truss  and  to  the  columns. 

Purlin. — ^A  beam  that  rests  on  the  top  chords  of  roof  trusses  and  supports  the  sheathing 
that  carries  the  roof  covering,  or  supports  the  roof  covering  directly,  or  supports  rafters. 

Rafter. — ^A  beam  that  rests  on  the  purlins  and  supports  the  sheathing,  or  may  support  sub- 
purlins.     Rafters  are  not  commonly  used  in  mill  buildings. 

Sub-purUn. — ^A  secondary  system  of  purlins  that  rest  on  the  rafters  and  are  spaced  so  as  to 
support  the  tile  or  slate  covering  directly  without  the  use  of  sheathing. 

Sheathing. — ^A  covering  of  boards  or  rejnforced  concrete  that  is  carried  on  the  purlins  or 
rafters  to  furnish  a  support  for  the  roof  covering. 

Girt — ^A  beam  that  is  fastened  to  the  columns  to  support  the  side  covering  either  directly 
or  to  support  the  side  sheathing. 

Monitor  Ventilator. — ^A  framework  at  the  top  of  the  roof  that  carries  fixed  or  movable  louvres, 
or  sash  in  the  clerestory. 

Clerestory. — ^The  clear  opening  in  the  side  framework  of  a  monitor  ventilator  of  a  building, 
also  the  clear  opening  on  the  side  of  a  building. 

Louvres. — ^Slats  made  of  metal  or  wood  which  are  placed  in  the  clerestory  of  a  monitor 
ventilator  to  keep  out  the  storm.  Louvres  may  be  fixed  or  movable.  The  opening  of  a  monitor 
ventilator  is  also  called  a  louvre. 

PaneL — ^The  distance  between  two  joints  in  a  roof  truss  or  the  distance  between  purlins. 

Bay. — 'The  distance  between  two  trusses  or  transverse  bents. 

Pitch. — ^The  pitch  of  a  truss  is  the  center  height  of  the  truss  divided  by  the  span  where  the 
truss  is  symmetrical  about  the  center  line. 

Other  terms  are  defined  when  they  are  first  used. 

Data  for  the  Design  of  Roof  Trusses  and  Steel  Frame  Buildings. 
Wdfi^t  of  Roof  Trusses. — ^The  weight  of  roof  trusses  varies  with  the  span,  the  distance 
between  trusses,  the  load  carried  or  capacity  of  the  truss,  and  the  pitch. 
The  empirical  formula 

W=  —  A'L(i+—^)  (i) 

45  \         5\/aJ  ^^ 

where 
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saving  in  shop  cost,  it  often  results  in  a  material  increase  in  the  weight  of  the  details  of  the  struc- 
ture, and  in  the  number  of  field  rivets,  so  thac  the  efficiency  of  the  structure  is  not  increased, 
and  the  final  cost  of  the  structure  is  not  reduced.  The  author  has  in  mind  a  case  where  to  change 
the  details  of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details 
equal  to  5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field 
rivets,  with  no  increase  in  efficiency. 

The  best  results  are  obtained  when  the  structural  engineer  prepares  carefully  worked  out 
detail  drawings  (not  shop  drawings)  in  which  the  efficiency  of  the  structure,  ease  of  fabrication 
and  ease  of  erection  are  given  due  consideration.  The  shop  drawings  may  then  be  prepared  by 
the  bridge  company  to  take  the  greatest  possible  advantage  of  improved  shop  methods  without 
decreasing  the  efficiency  of  the  structure,  or  increasing  the  total  weight,  or  increasing  the  cost  of 
erection. 

Part  I  is  divided  into  seventeen  chapters,  of  which  the  first  eleven  chapters  cover  different 
types  of  structures,  and  the  last  six  chapters  cover  subjects  which  apply  to  all  types  of  steel  con- 
struction. While  the  aim  has  been  to  present  the  largest  possible  amount  of  information  in  the 
limited  space,  each  subject  presented  is  discussed  briefly  in  a  logical  order. 

While  the  author  has  drawn  on  his  other  books  in  the  various  chapters,  the  reader  will  find 
much  new  material  on  the  subjects  covered  in  the  other  books,  especially  in  Chapter  I,  Steel  Roof 
Trusses  and  Mill  Buildings,  and  Chapter  III,  Steel  Highway  Bridges,  so  that  this  book  supple- 
ments the  author's  other  books  on  structures.  Each  chapter  is  self-contained,  the  illustrations 
and  tables  being  numbered  independently  of  the  other  chapters.  As  far  as  possible  the  different 
subjects  are  discussed  fully  in  each  chapter,  thus  reducing  cross-references.  The  most  of  the 
cross-referencing  is  made  through  the  index,  which  together  with  the  table  of  contents  will  be 
found  invaluable  to  the  reader. 


CHAPTER  I. 
Steel  Roof  Trusses  and  Mill  Buildings. 

Definitions. — ^The  following  definitions  will  assist  the  reader  in  a  study  of  roof  trusses  and 
steel  frame  buildings. 

Truss. — ^A  truss  is  a  framed  structure  in  which  the  members  are  so  arranged  and  fastened 
at  their  ends  that  external  loads  applied  at  the  joints  of  the  truss  will  cause  only  direct  stresses 
in  the  members.  In  its  simplest  form  a  truss  is  a  triangle  or  a  combination  of  triangles.  In  this 
chapter  it  will  be  assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (2)  that  the 
axes  of  the  members  meet  in  a  common  point  at  the  joints,  and  (3)  that  the  joints  have  friction- 
less  hinges.  ^ 

Ttansverse  Bent — ^A  transverse  bent  consists  of  a  truss  supported  at  the  ends  on  columns 
and  braced  against  longitudinal  movement  by  knee  braces  attached  to  the  lower  chord  of  the 
truss  and  to  the  columns. 

Puriin. — ^A  beam  that  rests  on  the  top  chords  of  roof  trusses  and  supports  the  sheathing 
that  carries  the  roof  covering,  or  supports  the  roof  covering  directly,  or  supports  rafters. 

Rafter. — ^A  beam  that  rests  on  the  purlins  and  supports  the  sheathing,  or  may  support  sub- 
purlins.     Rafters  are  not  commonly  used  in  mill  buildings. 

Sub-pttrUn. — ^A  secondary  system  of  purlins  that  rest  on  the  rafters  and  are  spaced  so  as  to 
support  the  tile  or  slate  covering  directly  without  the  use  of  sheathing. 

Sheathing. — ^A  covering  of  boards  or  reinforced  concrete  that  is  carried  on  the  purlins  or 
rafters  to  furnish  a  support  for  the  roof  covering. 

Girt — ^A  beam  that  is  fastened  to  the  columns  to  support  the  side  covering  either  directly 
or  to  support  the  side  sheathing. 

Monitor  Ventilator. — A  framework  at  the  top  of  the  rpof  that  carries  fixed  or  movable  louvres, 
or  sash  in  the  clerestory. 

Clerestory. — The  clear  opening  in  the  side  framework  of  a  monitor  ventilator  of  a  building, 
also  the  clear  opening  on  the  side  of  a  building. 

Lonvres. — Slats,  made  of  metal  or  wood  which  are  placed  in  the  clerestory  of  a  monitor 
ventilator  to  keep  out  the  storm.  Louvres  may  be  fixed  or  movable.  The  opening  of  a  monitor 
ventilator  is  also  called  a  louvre. 

PaneL — ^The  distance  between  two  joints  in  a  roof  truss  or  the  distance  between  purlins. 

Bay. — ^The  distance  between  two  trusses  or  transverse  bents. 

Pitch. — ^Thc  pitch  of  a  truss  is  the  center  height  of  the  truss  divided  by  the  span  where  the 
truss  is  symmetrical  about  the  center  line. 

Other  terms  are  defined  when  they  are  first  used. 

Data  for  the  Design  of  Roof  Trusses  and  Steel  Frame  Buildings. 
Weight  of  Roof  Trusses.— The  weight  of  roof  trusses  varies  with  the  span,  the  distance 
between  trusses,  the  load  carried  or  capacity  of  the  truss,  and  the  pitch. 
The  empirical  formula 
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W  a  weight  of  steel  roof  truss  in  pounds; 

P  =  capacity  of  truss  in  pounds  per  square  foot  of  horizontal  projection  of  roof  (30  to  80  lb.); 

A  s  distance  center  to  center  of  trusses  in  feet  (8  to  30  ft.) ; 

L  s  span  6f  truss  in  feet; 
was  deduced  by  the  author  from  the  computed  and  shipping  weights  of  mill  building  trusses  of 
the  Fink  type. 

Weight  of  Purlinsi  Girts,  Bradngi  and  Ckdunms. — ^Steel  purlins  will  weigh  from  1}  to  4  lb. 
per  sq.  ft.  of  area  covered,  depending  upon  the  spacing  and  the  capacity  of  the  trusses  and  the 
snow  load.  Girts  and  window  framing  will  weigh  from  li  to  3  lb.  per  sq.  ft.  of  net  surface.  Brac- 
ing is  quite  a  variable  quantity.  The  bracing  in  the  planes  of  the  upper  and  lower  chords  will 
vary  from  }  to  i  lb.  per  sq.  ft.  of  area.  The  side  and  end  bracing,  eave  struts  and  columns  will 
weigh  about  the  same  per  sq.  ft.  of  surface  as  the  trusses. 

Weight  of  Roof  Covering. — ^The  weight  of  corrugated  iron  or  steel  covering  varies  from 
I J  to  3  lb.  per  sq.  ft.  of  area.  The  weight  of  corrugated  steel  is  given  in  Table  I.  The  approxi- 
mate weight  per  square  foot  of  various  roof  coverings  is  given  in  the  following  table: 

Corrugated  steel,  without  sheathing I  to  3    lb. 

Felt  and  asphalt,  without  sheathing 2 

Tar  and  Gravel  Roofing,  without  sheathing 8  to  10 

Slate,  A  in.  to  I  in.,  without  sheathing f 7  to  9 

Tin,  without  sheathing i  to  i  J 

Skylight  glass,  A  in.  to  }  in.,  including  frames 4  to  10 

White  pine  sheathing  i  in.  thick 3 

Yellow  pine  sheathing  i  in.  thick 4 

Tiles,  flat % 15  to  20 

Tiles,  corrugated 8  to  10 

Tiles,  on  concrete  slabs 30  to  35 

Plastered  ceiling 10 

The  actual  weight  of  roof  coverings  should  be  calculated  if  possible. 

Snow  Loads. — ^The  annual  snowfall  in  different  localities  is  a  function  of  the  humidity  and 
the  latitude  and  is  quite  a  variable  quantity.  The  amount  of  snow  on  the  ground  at  one  time 
is  still  more  variable.  The  snow  loads  given  in  Fig.  i  were  proposed  by  the  author  in  "  The  Design 
of  Steel  Mill  Buildings"  in  1903  and  h^ve  been  generally  adopted. 


Lotitucle  in  Degrees 
Fig.  I.    Snow  Load  on  Roofs  for  Different  Latitudes,  in  Pounds  per  Square  Foot. 


One  of  the  heaviest  falls  of  snow  on  record  occurred  at  Boulder  and  Denver,  Colorado  on 
Dec.  5  and  6, 1913,  when  36  inches  of  snow  weighing  9  lb.  per  cu.  ft.  fell  during  two  days.     Many 
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flat  roofs  were  loaded  with  a  snow  load  of  more  than  30  lb.  per  sq.  ft.  and  roofs  with  a  pitch  of  one- 
half  carried  the  full  snow  load  of  27  lb.  per  sq.  ft.  of  horizontal  projection. 

A  high  wind  may  follow  a  heavy  sleet  and  in  designing  the  trusses  the  author  would  recom- 
mend the  use  of  a  minimum  snow  and  ice  load  as  given  in  Fig.  i  for  all  slopes  of  roofs.  The 
maximum  stresses  due  to  the  sum  of  this  snow  load,  the  dead  and  wind  loads;  the  dead  and  wind 
loads;  or  of  the  maximum  snow  load  and  the  dead  load  being  used  in  designing  the  members. 

Wind  Loads. — ^The  wind  pressure,  P,  in  pounds  per  square  foot  on  a  flat  surface  normal  to 
the  direction  of  the  wind  for  any  given  velocity,  V,  in  miles  per  hour  is  given  quite  accurately 
by  the  formula 

P  «  0.004  y*  (2) 

The  pressure  on  other  than  flat  surfaces  may  be  taken  in  per  cents  of  that  given  by  formula 
(2)  as  follows:  80  per  cent  on  a  rectangular  building;  67  per  cent  on  the  convex  side  of  cylinders; 
115  to  130  per  cent  on  the  concave  side  of  cylinders,  channels  and  flat  cups;  and  130  to  170  per 
cent  on  the  concave  sides  of  spheres  and  deep  cups. 

Recent  German  specifications  for  design  of  tall  chimneys  specify  wind  loads  per  square  foot 
as  follows:  26  lb.  on  rectangular  chimneys;  67  per  cent  of  26  lb.  on  circular  chimneys;  and  71 
per  cent  of  26  lb.  on  octagonal  chimneys. 

The  official  specifications  for  the  design  of  steel  framework  in  Prussia  have  recently  been 
amplified  in  the  matter  of  wind  pressures.  For  the  wind-bracing,  as  a  whole,  the  wind  pressure 
on  the  whole  building  is  to  be  taken  as  17  lb.  per  sq.  ft.  For  proportioning  individual  frame 
members,  girts,  studs,  trusses,  etc.,  a  higher  value  of  wind  pressure  must  be  assumed,  viz.,  28  to 
^  lb.  per  sq.  ft. 

It  would  seem  that  30  lb.  per  square  foot  on  the  side  and  the  normal  component  of  a  hori- 
zontal pressure  of  30  lb.  on  the  roof  would  be  sbffidect  for  all  except  exposed  locations.  If  the 
building  is  somewhat  protected  a  horizontal  pressure  of  20  lb.  per  square  foot  on  the  sides  is 
certainly  ample  for  heights  less  than,  say  30  feet. 

Wind  Pressure  on  Inclined  Surfaces. — ^The  wind  is  usually  taken  as  acting  horizontally 
and  the  normal  component  on  inclined  surfaces  is  calculated. 


Fig.  2. 

The  normal  component  of  the  wind  pressure  on  inclined  surfaces  has  usually  been  computed 
by  Mutton's  empirical  formula 

P. -P-sin^*-^"'"^-*  (3) 

where  P»  equals  the  normal  component  of  the  wind  pressure,  P  equals  the  pressure  per  square 
foot  on  a  vertical  surface,  and  A  equals  the  angle  of  inclination  of  the  surface  with  the  horizontal, 
Fig.  (2). 

The  formula  due  to  Duchemin 

^•"^i-hsin«^  ^^^ 

where  P»,  P  and  A  are  the  same  as  in  (3),  gives  results  considerably  larger  for  ordinary  roofs 
than  Mutton's  formula,  and  is  coming  into  quite  general  use. 
The  formula 

P«-P-i4/45  (5) 
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where  P»  and  P  are  the  same  as  in  (3)  and  (4),  and  A  is  the  angle  of  inclination  of  the  surface 
in  degrees  (^4  being  equal  to  or  less  than  45®),  gives  results  which  agree  very  closely  with  Hutton's 
formula,  and  is  much  more  simple. 

Hutton's  formula  (3)  is  based  on  experiments  which  were  very  crude  and  probably  erroneous. 
Duchemin's  formula  (4)  is  based  on  very  careful  experiments  and  is  now  considered  the  most 
reliable  formula  in  use.  The  Straight  Line  formula  (5)  agrees  with  experiments  quite  closely 
and  is  preferred  by  many  engineers  on  account  of  its  simplicity. 

The  values  of  Pn  as  determined  by  Hutton's,  Duchemin's  and  the  Straight  Line  formulas 
are  given  in  Fig.  3,  for  P  equals  20,  30  and  40  lb. 

It  is  interesting  to  note  that  Duchemin's  formula  with  P  equals  30  pounds  gives  practically 
the  same  values  for  roofs  of  ordinary  inclination  as  is  given  by  Hutton's  and  the  Straight  Line 
formulas  with  P  equals  40  pounds. 
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Angle  Expooetf  Roof  makes  with  Hpnzontol  in  De9reed.A. 

Fig.  3.    Normal  Wind  Load  on  Roof  According  to  Different  Formulas. 


Duchemin  has  also  deduced  the  formula 

Pk^  P- 


2  sin>  A 


I  4-  sin»  A 
where  Pk  in  (6)  equab  the  pressure  parallel  to  the  direction  of  the  wind,  Fig.  a;  and 

Pi 


p  _2  sin  A  'COS  A 


I  4-  nn*  i4 


(6) 


(7) 


where  Pj  in  (7)  equab  the  pressure  at  right  angles  to  the  direction  of  the  wind,  Fig.  3.  Pi  may 
be  an  uplifting,  a  depressing  or  a  side  pressure.  With  an  open  shed  in  exposed  positions  the 
uplifting  effect  of  the  wind  often  requires  attention.  In  that  case  the  wind  should  be  taken 
normal  to  the  inner  surface  of  the  building  on  the  leeward  side,  and  the  uplifting  force  determined 
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by  using  formula  (7).  If  the  gables  are  closed  a  deep  cup  is  formed,  and  the  normal  pressure 
should  be  increased  30  to  70  per  cent. 

That  the  uplifting  force  of  the  wind  is  often  considerable  in  exposed  localities  is  made  evident 
by  the  fact  that  highway  bridges  are  occasionally  wrecked  by  the  wind. 

The  wind  pressure  is  not  a  steady  pressure,  but  varies  in  intensity,  thus  producmg  excessive 
vibrations  which  cause  the  structure  to  rock  if  the  bracing  is  not  rigid.  Th^  bracing  in  mill 
buildings  should  be  designed  for  initial  tension,  so  that  the  building  will  be  rigid.  Rigidity  is 
of  more  importance  than  strength  in  mill  buildings. 

MisceUaneoos  Loads. — Data  on  the  weights  of  materials  are  given  in  Chapter  II.  The 
weights  and  other  data  for  hand  cranes  are  given  in  Table  133  and  of  electric  cranes  are  given 
in  Table  130,  Part  II. 

Minimum  Loads. — ^For  minimum  loads  to  be  calculated  on  roofs  see  S  27,  '*  Specifications  for 
Steel  Frame  Buildings"  in  the  last  part  of  this  chapter. 

STRESSES  IN  ROOF  TRUSSES  AND  MILL  BUILDINGS.— For  the  calculation  of  the 
stresses  in  roof  trusses  and  in  the  framework  of  steel  frame  mill  buildings,  see  the  author's  "  The 
Design  of  Steel  Mill  Buildings." 

Design  of  Steel  Mill  Buildings. 

Oenenl  Principles  of  Design. — ^The  general  dimensions  and  the  outline  of  a  mill  building 
will  be  governed  by  local  conditions  and  requirements.  The  questionis  of  light,  heat,  venti- 
lation, foundations  for  machinery,  handling  of  materials,  future  extensions,  first  cost  and  cost 
of  maintenance  should  receive  proper  attention  in  designing  the  different  classes  of  structures. 
One  or  two  of  the  above  items  often  determines  the  type  and  general  design  of  the  structure. 
Where  real  estate  is  high,  the  first  cost,  including  the  cost  of  both  land  and  structure,  causes 
the  adoption  in  many  cases  of  a  multiple  story  building,  while  on  the  other  hand  where  the  site 
is  not  too  expensive  the  single  story  shop  or  mill  is  usually  preferred.  In  coal  tipples  and  shaft 
houses  the  handling  of  materials  is  the  prime  object;  in  railway  shops  and  factories  turning  out 
heavy  machinery  or  a  similar  product,  foundations  for  the  machinery  required,  and  convenience 
in  handling  materials  are  most  important;  while  in  many  other  classes  of  structures  such  as  weaving 
sheds,  textile  mills,  and  factories  which  turn  out  a  less  bulky  product  with  light  machinery,  and 
which  employ  a  large  number  of  men,  the  principal  items  to  be  considered  in  designing  are  light, 
heat,  ventilation  and  ease  of  superintendence. 

Shops  and  factories  are  preferably  located  where  transportation  facilities  are  good,  land  is 
cheap  and  labor  plentiful.  Too  much  care  cannot  be  used  in  the  design  of  shops  and  factories 
for  the  reason  that  defects  in  design  that  cause  inconvenience  in  handling  materials  and  workmen, 
increased  cost  of  operation  and  maintenance  are  permanent  and  cannot  be  removed. 

The  best  modern  practice  inclines  toward  single  floor  shops  with  as  few  dividing  walls  and 
partitions  as  possible.  The  advantages  of  this  type  over  multiple  story  buildings  are  (i)  the 
light  is  better,  (2)  ventilation  is  better,  (3)  buildings  are  more  easily  heated,  (4)  foundations  for 
machinery  are  cheaper,  (5)  machinery  being  set  directly  on  the  ground  causes  no  vibrations  in 
the  building,  (6)  floors  are  cheaper,  (7)  workmen  are  more  directly  under  the  eye  of  the  superin- 
tendent, (8)  materials  are  more  easily  and  cheaply  handled,  (9)  buildings  admit  of  indefinite 
extension  in  any  direction,  (10)  the  cost  oi  construction  is  less,  and  (11)  there  is  less  danger  from 
damage  due  to  fire. 

The  walls  of  shops  and  factories  are  made  (i)  of  brick,  stone,  or  concrete;  (2)  of  brick,  hollow 
tile  or  concrete  curtain  walls  between  steel  columns;  (3)  of  expanded  metal  and  plaster  curtain 
walls  and  glass;  (4)  of  concrete  slabs  fastened  to  the  steel  frame;  and  (5)  of  corrugated  steel  fastened 
to  the  steel  frame. 

The  roof  is  commonly  supported  by  steel  trusses  and  framework,  and  the  roofing  may  be 
slate,  tile,  tar  and  gravel  or  other  composition,  tin  or  sheet  steel,  laid  on  board  sheathing  or  on 
concrete  slabs,  tile  or  slate  supported  directly  on  the  purlins,  or  corrugated  steel  supported  on 
board  sheathing  or  directly  on  the  purlins.    Where  the  slope  of  the  roof  is  flat  a  first  grade  tar 
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and  gravel  roof,  or  some  one  of  the  patent  composition  roofs  is  used  in  preference  to  tin,  and  on  a 
steep  slope  slate  is  commonly  used  in  preference  to  tin  or  tile.  Corrugated  steel  roofing  i^  much 
used  on  boiler  houses,  smelters,  forge  shops,  coal  tipples,  and  similar  structures. 

Floors  in  boiler  houses,  forge  shops  and  in  similar  structures  are  generally  made  of  cinders; 
in  round  houses  brick  floors  on  a  gravel  or  concrete  foundation  are  quite  common;  while  in  buildings 
where  men  have  to  work  at  machines  the  favorite  floor  is  a  wooden  floor  on  a  foundation  of  cinders, 
gravel,  or  tar  concrete.  Where  concrete  is  used  for  the  foundation  of  a  wooden  floor  it  should  be 
either  a  tar  or  an  asphalt  concrete,  or  a  layer  of  tar  should  be  put  on  top  of  the  cement  concrete 
to  prevent  decay.  Concrete  or  cement  floors  are  used  in  many  cases  ^th  good  results,  but 
they  are  not  satisfactory  where  men  have  to  stand  at  benches  or  machines.  Wooden  racks  on 
cement  floors  remove  thie  above  objection  somewhat.  Where  rough  work  is  done,  the  upper  or 
wearing  surface  of  wooden  floors  is  often  made  of  yellow  pine  or  oak  plank,  while  in  the  better 
classes  of  structures,  the  top  layer  is  commonly  made  of  maple.  For  upper  floors  some  one  of 
the  common  types  of  fireproof  floors,  or  as  is  more  common  a  heavy  plank  floor  supported  on 
beams  may  be  used. 

Care  should  be  used  to  obtain  an  ample  amount  of  light  in  buildings  in  which  men  are  to 
work.  It  is  now  the  common  practice  to  make  as  much  of  the  roof  and  side  walls  of  a  trans- 
parent or  translucent  material  as  practicable;  in  many  cases  fifty  per  cent  of  the  roof  surface  is 
made  of  glass,  while  skylights  equal  to  twenty-five  to  thirty  per  cent  of  the  roof  surface  are  very 
common.  Direct  sunlight  causes  a  glare,  and  is  also  objectionable  in  the  summer  on  account  of 
the  heat.  Where  windows  and  skylights  are  directly  exposed  to  the  sunlight  they  may  best  be 
curtained  with  white  muslin  cloth  which  admits  much  of  the  light  and  shades  perfectly.  The 
"saw  tooth"  type  of  roof  with  the  shorter  and  glazed  tooth  facing  the  north,  gives  the  best  light 
and  is  now  coming  into  quite  general  use. 

Plane  glass,  wire  glass,  factory  ribbed  glass,  and  translucent  fabric  are  used  for  glazing 
windows  and  skylights.  Factory  ribbed  glass  should  be  placed  with  the  ribs  vertical  for  the 
reason  that  with  the  ribs  horizontal,  the  glass  emits  a  glare  which  is  very  trying  on  the  eyes  of 
the  workmen.  Wire  netting  sliould  always  be  stretched  under  skylights  to  prevent  the  broken 
glass  from  falling  down,  where  wire  glass  is  not  used. 

Heating  in  large  buildings  is  generally  done  by  the  hot  blast  system  in  which  fans  draw  the 
air  across  heated  coils,  which  are  heated  by  exhaust  steam,  and  the  heated  air  is  conveyed  by 
ducts  suspended  from  the  roof  or  placed  under  the  ground.  In  smaller  buildings,  direct  radiation 
from  steam  or  hot  water  pipes  is  commonly  used. 

The  proper  unit  stresses,  minimum  size  of  sections  and  thickness  of  metal  will  depend  upon 
whether  the  building  is  to  be  permanent  or  temporary,  and  upon  whether  or  not  the  metal  is 
liable  to  be  subjected  to  the  action  of  corrosive  gases.    For  permanent  buildings  the  author 

would  recommend  16,000  lb.  per  square  inch  for  allowable  tensile,  and  16,000  —  70-  lb.  per 

square  inch  for  allowable  compressive  stress  for  direct  dead,  snow  and  wind  atresses  in  trusses 
and  columns;  /  being  the  center  to  center  length  and  r  the  radius  of  gyration  of  the  member, 
both  in  inches.  For  wind  bracing  and  flexural  stresses  in  columns  due  to  wind,  add  35  per  cent 
to  the  allowable  stresses  for  dead,  snow  and  wind  loads.  For  temporary  structures  the  above 
allowable  stresses  may  be  increased  20  to  25  per  cent. 

The  minimum  size  of  angles  should  be  2"  X  2"  X  i",  and  the  minimum  thickness  of  plates 
\  in.,  for  both  permanent  and  temporary  structures.  Where  the  metal  will  be  subjected  to 
corrosive  gases  as  in  smelters  and  train  sheds,  the  allowable  stresses  should  be  decreased  20  to  25 
per  cent,  and  the  minimum  thickness  of  metal  increased  25  per  cent,  unless  the  metal  is  fully 
protected  by  an  acid-proof  coating  (at  present  the  best  paints  do  little  more  in  any  case  than 
delay  and  retard  the  corrosion). 

The  minimum  thickness  of  corrugated  steel  should  be  No.  20  gage  for  the  roof  and  Na  22 
for  the  sides;  where  there  is'certain  to  be  no  corrosion  Nos.  22  and  24  may  be  used  for  the  roof 
and  sides  respectively. 
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Steel  Frame  Ifill  Buildings. — ^The  framework  of  a  steel  frame  mill  building  consists  of  a 
series  of  transverse  bents,  which  carry  the  purlins  on  the  tops  of  the  trusses,  and  girts  on  the 
sides  of  the  columns  to  carry  the  covering,  Fig.  4.  The  framework  is  braced  by  diagonal  bracing 
in  the  planes  of  the  roof  and  the  sides  of  the  building,  and  in  the  plane  of  the  lower  chords.  A 
transverse  bent  consists  of  a  roof  truss  supported  at  the  ends  on  columns  and  is  braced  against 
endwise  movement  by  means  of  knee  braces.  The  framing  plan  for  a  steel  frame  mill  building 
is  shown  in  Fig.  4.  Steel  mill  buildings  are  also  made  with  end  trusses  in  place  of  the  end  framing 
shown  in  Fig.  4. 


5RAaN6  A-A 


Plan  Lower  Chord     Plan  Upper  Chord 


Fig.  4.    Framework  for  a  Steel  Mill  Building. 


Types  of  Roof  Trasses. — Several  types  of  roof  trusses  are  shown  in  Fig.  5.  These  trusses 
have  been  subdivided  so  that  the  purlins  will  come  at  the  panel  points,  and  will  not  have  a  spacing 
greater  than  4  ft.  9  in.,  the  greatest  spacing  allowed  for  corrugated  steel  roofing  when  laid  without 
sheathing.  The  Fink  grasses  shown  in  (a)  to  (^)  are  commonly  used  in  steel  frame  buildings 
and  are  very  economical.    The  other  types  of  trusses  need  no  explanation. 

Different  methods  of  lighting  and  ventilating  buildings  through  the  roof  are  shown  in  Fig.  6. 

Saw  Tooth  Roofs. — ^The  common  type  of  saw  tooth  roof  is  shown  in  (m)  Fig.  6.  The  glazed 
leg  faces  the  north  and  permits  only  indirect  light  to  enter  the  building,  thus  doing  away  with 
the  glare  and  varying  intensity  of  light  in  buildings  where  direct  sunlight  enters.  In  cold  climates 
the  snow  drifts  the  gutter^  nearly  full  and  causes  loss  of  light  and  also  leakage  from  the  over- 
flowing gutters.  The  modified  saw  tooth  roof  shown  in  (n)  was  designed  by  the  author,  to  obviate 
the  defects  in  the  common  type  of  saw  tooth  roof.  The  modified  saw  tooth  roof  permits  the 
use  of  a  greater  span  and  more  economical  pitch  than  the  common  form  shown  in  (m). 

Transverse  Bents. — ^A  number  of  the  common  forms  of  transverse  bents  are  shown  in  Fig.  7. 
Transverse  bents  (c),  (6),  (</),  and  (A)  are  used  for  boiler  houses,  shops,  etc.,  wh*'    '  ^    '  ^    '-^i 
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/y  30FT'5pan  (b)  40 Ft*  Span  (c)  50 Ft*  Span 


(dD  eOFrSPAN  Ce)  80  Ft  Span 


(F)  Modified  Fink  (g)  Cambered  Fink 

FINK  TRUSSES 


(h)HowE  W  Hybrid 


(J)  Pratt  (k)  MootprnD  Pratt 


W  QUADRAH6tMAR  (m)  CaNEL     RACK 

Fig.  5.    Tyfbs  or  Roof  Trusses. 
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Fig.  6.    Rcx)P  Trusses  Showing  Methods  of  Lighting  and  Ventilating. 
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Fig.  7.    Types  (x  Transverse  Bents. 
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Fig.  8.    Roof  Arches. 
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and  (g)  are  used  for  shops  or  buildings  where  the  main  part  of  the  building  is  required  to  be  covered 
by  a  crane  and  side  sheds  are  used  for  lighter  work. 

Roof  Arches. — Roof  arches  are  used  where  a  large  clear  floor  space  is  required  as  in  coliseums, 
exposition  buildings  and  train  sheds,  Fig.  8.  The  arches  are  braced  in  pairs  and  carry  the  roof 
covering.  Arches  may  have  one,  two  or  three  hinges,  or  may  be  made  without  hinges.  Three- 
hinged  arches  are  statically  determinate  structures,  while  the  stresses  in  all  other  arches  are 
statically  indeterminate.  Arches  without  hinges  are  used  for  domes.  Three-hinged  roof  arches 
have  been  commonly  used  in  America,  although  the  two-hinged  roof  arch  is  more  economical 
and  has  many  advantages.  Arches  may  have  a  horizontal  tie  as  in  the  Chicago  Stock  Pavilion 
and  the  Government  Building,  or  the  horizontal  reactions  may  be  carried  by  the  foundations 
as  in  the  St.  Louis  Coliseum,  Fig.  8.  For  the  calculation  of  the  stresses  in  three-hinged  and  two- 
hinged  roof  arches,  see  the  author's  ''The  Design  of  Steel  Mill  Buildings." 

Pitch  of  Roof. — ^The  pitch  of  a  roof  is  given  in  terms  of  the  center  height  divided  by  the  span; 
for  example  a  6o-ft.  span  truss  with  i  pitch  will  have  a  center  height  of  15  ft.  The  minimum 
pitch  allowable  in  a  roof  will  depend  upon  the  character  of  the  roof  covering,  and  upon  the  kind 
of  sheathing  used.  For  corrugated  steel  laid  directly  on  purlins,  the  pitch  should  preferably  be 
not  less  than  i  (6  in.  in  12  in.),  and  the  minimum  pitch,  unless  the  joints  are  cemented,  not  less 
than  i.  Slate  and  tile  should  not  be  used  on  a  less  slope  than  i  and  preferably  not  less  than  i. 
The  lap  of  the  slate  and  tile  should  be  greater  for  the  less  pitch.  Gravel  should  never  be  used 
on  a  roof  with  a  greater  pitch  than  about  i,  and  even  then  the  composition  is  very  liable  to  run. 
Asphalt  is  inclined  to  run  and  should  not  be  used  on  a  roof  with  a  pitch  of  more  than,  say,  2  in. 
to  the  foot.  If  the  laps  are  carefully  made  and  cemented  a  gravel  and  tar  or  asphalt  roof  may  be 
practically  flat;  a  pitch  of  f  to  i  in.  to  the  foot  is,  however,  usually  preferred.  Tin  may  be  used 
on  a  roof  of  any  slope  if  the  joints  are  properly  soldered.  Most  of  the  patent  composition  roofings 
give  better  satisfaction  if  laid  on  a  roof  with  a  pitch  of  i  to  J.  Shingles  should  not  be  used  on  a 
roof  with  a  pitch  less  than  },  and  preferably  the  pitch  should  be  i  to  }. 

Pitch  of  Truss, — ^There  is  very  little  difference  in  the  weight  of  Fink  trusses  with  horizontal 
bottom  chords,  in  which  the  top  chord  has  a  pitch  of  i,  i,  or  i.  The  difference  in  weight  is  quite 
noticeable,  however,  when  the  lower  chord  is  cambered;  the  truss  with  the  i  pitch  being  then 
more  economical  than' either  the  i  or  the  i  pitch.  Cambering  the  lower  chord  of  a  truss  more 
than,  say,  1-40  of  the  span  adds  considerable  to  the  weight.  For  example  the  computed  weights 
of  a  6o-ft.  Fink  truss  with  a  horizontal  lower  chord,  and  a  60-f t.  Fink  truss  with  a  camber  of  3  ft. 
in  the  lower  chord,  showed  that  the  cambered  truss  weighed  40  per  cent  more  for  the  l  pitch  and 

15  per  cent  more  for  the  i  pitch,  than  the  truss  having  the  same  pitch  with  horizontal  lower 
chord.  It  is,  however,  desirable  for  appearance  sake  to  put  a  slight  camber  in  the  bottom  chords 
of  roof  trusses,  for  the  reason  that  to  the  eye  a  horizontal  lower  chord  will  appear  to  sag  if  viewed 
from  one  side. 

In  deciding  on  the  proper  pitch,  it  should  be  noted  that  while  the  i  pitch  gives  a  better  slope 
and  has  a  less  snow  load  than  a  roof  with  i  or  i  pitch,  it  has  a  greater  wind  load  and  more  roof 
surface.  Taking  all  things  into  consideration  i  pitch  is  probably  the  most  economical  pitch  for  a 
roof.  A  roof  with  i  pitch  is,  however,  very  nearly  as  economical,  and  should  preferably  be  used 
where  corrugated  steel  roofing  is  used  without  sheathing,  and  where  the  snow  load  is  large. 

Spttctng  of  Trusses  and  Tnusrerse  Bents. — ^The  weight  of  trusses  and  columns  per  square 
foot  of  area  decreases  as  the  spacing  increases,  while  the  weight  of  the  purlins  and  girts  per  square 
foot  of  area  increases  as  the  spacing  increases.  The  economic  spacing  of  the  trusses  is  a  function 
of  the  weight  per  square  foot  of  floor  area  of  the  truss,  the  purlins,  the  side  girts  and  the  columns, 
and  also  of  the  relative  cost  of  each  kind  of  material.  For  any  given  conditions  the  spacing 
which  makes  the  sum  of  these  quantities  a  minimum  will  be  the  economic  spacing.  It  is  desirable 
to  use  simple  rolled  sections  for  purlins  and  girts,  and  under  these  conditions  the  economic  spacing 
will  usually  be  between  16  and  25  ft.  The  smaller  value  being  about  right  for  spans  up  to,  say, 
60  ft.,  designed  for  moderate  loads,  while  the  greater  value  is  about  right  for  long  spans,  designed 
for  heavy  loads. 
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Calculations  of  a  series  of  simple  Fink  trusses  resting  on  walls  and  having  a  uniform  span 
of  60  ft.  and  different  spacings  gave  the  least  weight  per  square  foot  of  horizontal  projection  of 
the  roof  for  a  spacing  of  18  ft.,  and  the  least  weight  of  trusses  and  purlins  combined  for' a  spacing 
of  10  ft.  The  weight  of  trusses  per  square  foot  was,  however,  more  for  the  lo-f^.  spacing  than 
for  the  i8-ft.  spacing,  so  that  the  actual  cost  of  the  steel  in  the  roof  was  a  minimum  for  a  spacing 
of  about  16  ft.;  the  shop  cost  of  the  trusses  per  lb.  being  several  times  that  of  the  purlins.  Local 
conditions  and  requirements  usually  control  the  spacing  of  the  trusses  so  that  it  is  not  necessary 
that  we  know  the  economic  spacing  very  definitely. 

For  long  spans  the  economic  spacing  can  be  increased  by  using  rafters  supported  on  heavy 
purlins,  placed  at  greater  distances  than  would  be  required  if  the  roof  were  carried  directly  by  the 
purlins.  This  method  is  frequently  used  in  the  design  of  train  sheds  and  roofs  of  buildings  where 
plank  sheathing  is  used  to  support  slate  or  tile  coverings,  or  where  the  tiles  are  supported  by 
angle  sub-purlins  spaced  close  together  as  shown  in  Fig.  13. 

Truss  Details. — Riveted  trusses  are  commonly  used  for  mill  buildings  and  similar  structures. 
For  ordinary  loads  the  chord  sections  are  commonly  made  of  two  angles,  Fig.  10.  For  heavy 
loads  tiie  chords  may  be  made  of  two  channels,  Fig.  12.  Where  the  purlins  are  not  placed  at  the 
panel  points  the  upper  chord  must  be  designed  for  flexure  as  well  as  for  direct  stress.  Two  angles 
with  a  vertical  plate  make  an  excellent  section  where  the  chord  must  take  both  direct  and  flexural 
stress.  Trusses  supported  on  masonry  walls  should  have  one  end  supported  on  sliding  plates 
for  spans  up  to  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rocker  should  be  used.  Shop  drawings 
of  a  steel  roof  truss  are  given  in  Fig.  10.  Details  of  the  end  connections  of  trusses  resting  on  walls 
and  fastened  to  columns  are  given  in  Fig.  11.  Details  of  truss  joints  are  given  in  Fig.  11.  Wher- 
ever possible,  truss  joints  should  be  so  designed  that  the  joint  will  not  be  eccentric. 

Details  of  Roof  Framing. — Roof  trusses  and  transverse  bents  should  be  braced  transversely 
with  vertical  framework  and  bracing  to  give  the  roof  framing  lateral  stability.  The  bracing  may 
be  placed  in  the  center  line  of  the  building  as  in  Fig.  12,  or  at  the  quarter  points  as  in  Fig.  4; 
long  span  trusses  should  be  braced  at  both  the  center  and  the  quarter  points.  Details  of  roof 
framing  giving  methods  of  bracing  roof  trusses  and  transverse  bents  are  given  in  Fig.  4,  Fig.  41, 
and  Fig.  42. 

Details  of  a  roof  truss  and  roof  framing  to  carry  a  Ludowici  tile  roof  without  sheathing,  are 
shown  in  Fig.  13.  The  tiles  are  carried  on  sub-purlins,  the  sub-purlins  are  supported  by  rafters, 
which  are  in  turn  supported  by  the  purlins. 

Columns. — ^The  common  forms  of  columns  used  in  mill  buildings  are  shown  in  Fig.  14.  For 
side  columns  with  light  loads  column  (g)  composed  of  four  angles  laced  is  very  satisfactory,  while 
for  ^ide  columns  that  take  bending  and  heavy  loads  column  (/)  composed  of  four  angles  and  a 
plate  is  the  most  satisfactory  column.  Columns  (a),  (6),  (c),  (<2),  (e)  and  (j)  are  used  to  carry 
heavy  loads.  The  I  beam  and  the  angle  columns  are  used  for  end  and  corner  columns,  respec- 
tively. Details  of  a  four  angle  laced  column  and  a  four  angle  and  plate  column  are  shown  in 
Fig.  15.  Details  of  a  heavy  column  and  a  light  column  made  of  two  channels  laced  are  shown 
in  Fig.  16. 

CORRUGATED  STEEL.— Corrugated  steel  is  rolled  to  U.  S.  standard  gage.  The  weights 
of  flat  steel  and  corrugated  steel  for  different  gages  and  thickness  are  given  in  Table  L  Corru- 
gated siding  and  roofing  is  rolled  as  shown  in  Fig.  17.  The  special  corrugated  steel  in  (b)  Fig.  17 
is  commonly  used  for  roofing,  and  the  corrugated  steel  in  (c)  is  used  for  siding. 

The  standard  stock  lengths  vary  by  single  feet  from  4  ft.  to  10  ft.  Sheets  can  be  obtained 
as  long  as  12  ft.,  but  are  special  and  cost  5  per  cent  extra  and  will  delay  the  order. 

The  purlins  for  corrugated  steel  without  sheathing  should  be  spaced  for  a  load  of  30  lb.  per 
sq.  ft.  on  the  roof;  and  the  girts  for  25  lb.  per  sq.  ft.  on  the  sides,  as  given  in  Fig.  18. 

The  details  of  corrugated  steel  as  given  in  Fig.  19  are  standard  with  the  McClintic-Marshall 
Construction  Company  and  the  American  Bridge  Company. 
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(d)  Sliding  Pl3fe 


I I 


VA 
Fixed  Ends 


(e)  Rocker 

ExPANSfON  Ends 


Column  CoNNicriONS 


(F)  Rollers 


Dbtails  of  Roof  Truss  Connfct/ons 

Fig.  II.    Details  of  Truss  Connections  and  Joints. 
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Half        Transverstt        Soctlon. 
Fig.  12.    Roof  Truss  and  Transverse  Bent  Showing  Transverse  Braong. 


Trms 


Section  fi-B 
Fig.  13.    Details  of  a  Roof  Covered  with  LuDowia  Tile. 
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Fastenings  for  Corrugated  Sheeting. — Corrugated  steel  is  fastened  to  purlins  and  girts  usually 
by  the  following  fasteners. 

Straps, — ^These  are  made  of  No.  i8  U.  S.  gage  steel,  }  of  an  in.  wide.  These  straps  pass 
around  the  purlins  and  are  riveted  to  the  sheets  at  both  ends  by  A"  diameter  rivets,  |  in.  long; 
or,  they  may  be  fastened  by  bolts.  Order  one  strap  and  two  rivets,  or  bolts,  for  each  lineal  foot 
of  girt  or  purlin,  to  which  the  corrugated  steel  is  to  be  fastened,  and  add  20  per  cent  to  the  number 
of  rivets  for  waste,  and  10  per  cent  to  the  straps  or  the  bolts.  One  thousand  rivets  will  weigh 
6  lb.;  one  bundle  of  hoop  steel  will  weigh  50  lb.  and  contains  400  lineal  feet. 


^r~v 


■i  r 


1: 


n    □    n    I    K 


2  Channels' 

Laced 

(o) 


^Channels' 

Loced 

(b) 


^Channels 

ZPkrtes 

(C). 


2  Channels 

.11  Beam  ^ 

(d) 


4  Z  Bars. 

IPIote 

(e) 


B-""- — 5 

B  a 

0  B 

D  o 


4  Angles 

I  Rale 

if) 


D 


lIBeam 
(h) 


D 

H 

Special 

I  Beam 


^ 


[I] 

T~"> 


(k). 


Gray 
(I) 


O 


4  Angles  4  Angles 

Box  Loced        Box  Laced 

iml  in) 


olo 

X 

•I- 


4  Angles' 

Starred 

(O) 


Fig.  14.    Types  of  Columns  for  Steel  Mill  Buildings. 


Qinch  Rfoets  or  Nails. — ^These  are  special  rivets  or  nails  made  of  No.  9  Birmingham  gage 
wire,  which  clinch  around  the  edge  of  the  angle  iron  or  channel  and  are  used  for  fastening  the  steel 
sheathing  to  steel  purlins  or  girts.    They  are  of  the  lengths  shown  on  page  24. 
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STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS. 


Chap.  I. 


Order  two  rivets  to  each  lineal  foot  of  puriin  or  girt  to  which  the  corrugated  steel  is  to  be 
fastened  and  add  lo  per  cent  for  waste. 

Clips  and  Bolts, — These  are  used  for  fastening  corrugated  steel  to  steel  purlins  or  girts.  Clips 
are  made  of  No.  i6,  i)  in.  steel,  about  2)  in.  long,  and  are  slightly  crimped  at  one  end,  to  go  over 

Corruqated  Roof  Steel 
5icte  Lap  2  Corrugations 

—  Covers ^/f-  *t*  -  Covers ^/i" 
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(aj 

Special  Cor-  Roof  Steel 
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K  ^i  ->i        Y  -30  'w/cfe  tefore  corrug€iff/ng 
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Corruqated  Siding  Steel 
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Yid'w/ae  before  carru^r/tT^ 
^26"  "  cffter  » 
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Fig.  17.    Details  of  Corrugated  Steel. 
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the  flange  of  the  purlin.  The  bolts  are  of  the  same  diameter,  and  have  the  same  head  as  the  clinch 
rivets,  except  that  they  are  supplied  with  threads  and  nut,  and  are  about  i  in.  long.  These  clips 
and  bolts  should  not  be  used  excepting  in  special  cases,  where  the  regular  fastenings  cannot  be 
easily  applied. 
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/Ukw6'endl^  for  roofs  of  e'pitch,  S^fornx^  of4'jpitch,  S'fbrroofs     ^^ced  6^rt' iO%  for  tvaste 
of  Less  than  4'pitch;  and  Jay  m'th  Staters*  Cement*  ffside  Laps  are  to  be 
rhreted^use  c/osir?g  rfkwts  i2' apart  • 

Siotm  "Pefwfd^  both  edges  drnn  with  side  Lap  of  one  corruoation.wiff  cover  dosing  Rivets 

24'* /IPcw4'ibrendfap'  Ci^  rivets  in  side  Lap  iZ'centers.  '  — ^ 

FLASHwe-usuaPy  made  same  gage  as  siding,  can  be  obtained  in  foihwmg 
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Fig.  19.    Standard  Details  for  Corrugated  Steel. 
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L  Purlin  leg 
Length .... 
No.  per  lb.. 

L  Purlin  leg 
Length .... 
No.  per  lb.. 


3" 
S" 

f 

f 

6" 
8" 

7" 
9" 

32 

29 

23 

21 

18 

3" 
6" 

4" 

7"  or  8" 

5" 
9" 

6" 
10" 

7" 
II" 

29 

21 

18 

16 

H 

In  cases  where  flashing,  cornice  work,  and  several  thicknesses  of  metal  are  to  be  fastened  at 
one  point,  rivets  or  bolts,  other  than  standard  lengths  given  will  be  needed.  Closing  rivets  i  in. 
long  and  bolts  1}  in.  long  will  usually  answer  in  these  cases. 

If  side  laps  of  corrugated  steel  are  to  be  riveted,  rivets  should  be  ordered,  one  for  each  lineal 
foot  of  side  lap,  plus  20  per  cent  for  waste. 

If  corrugated  steel  is  to  be  fastened  to  wooden  purlins  or  timber  sheathing,  order  8d  barbed 
nails  for  roofing  and  for  siding.  These  oails  should  be  spaced  one  foot  apart,  for  both  end  and  side 
laps;  add  20  per  cent  for  waste.     Ninety-six  8d  barbed  nails  weigh  i  lb. 

Corrugated  steel  for  roofing  should  be  laid  with  two  corrugations  side  lap  if  standard  or  i } 
corrugations  side  lap  if  special,  and  6  in.  end  lap.  Corrugated  steel  for  siding  should  have  one 
corrugation  side  lap  and  4  i^.  end  lapw 

Louvres. — ^Weights  of  Shiffier  louvres  of  black  iron  or  steel  are  as  follows: 


Case  No. 
20 
22 


Weight  per  Square  Feet. 
2.7  lb. 
2.0  lb. 


The  weight' is  obtained  from  Fig.  20,  as  follows: 


Fig.  20.    LouvRss. 


Louvres  are  estimated  in  square  feet  =>  2h  X  length. 

To  get  weight  multiply  area  by  (1.7  X  weight  per  sq.  ft.  of  flat  of  material  used). 
Ridge  RoIL — Ridge  roll  is  ordinarily  of  same  gage  as  roofing  and  black  or  galvanized  to  cor* 
respond  with  same.     Ridge  roll  is  usually  made  from  an  18  in.  flat  sheet. 

Weight  op  Ridge  Roll. 


GaceNo. 

Wdcht.  lb.  per  lineal  ft. 

20 
22 

24  1 

2.0    Black  Iron  or  Steel. 
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TABLE  L 
Corrugated  Sheets.    American  Sheet  and  Tin  Plate  Company, Standaiu), 


DBSCRIFnON  OF  CORKUGATBD   SHXBTS 


Areas  of  Cokrugatkd  .Shxbts 


Comigationfl 


Width,  Inches 


Nominal     Actual 


Depth, 
Approx. 
Inches 


Num- 
ber per 
Sheet 


Width.  Inches 


Full 
Sheet 


Covers 
Ap- 
prox. 


Sq.  Ft.  in  i  Sheet 


Corrugations 


S"      3".^2^".  ij".  I' 


Sheets  in  xoo  Sq.  Ft. 


Corrugations 


5"      3".  24".  ij".  I" 


S 

2 

■! 


4i 


2t 

t 


6 

9 
lo 
II 

20 
26 


28 
26 
26 
26 
25 

25 


24 
24 
24 
24 
24 
24 


Sundard  lengths  c,  6,  7,  8,  Q  and  10  feet.    Max- 
imum length,  12  feet  for  5    to  li"  corrugation. 


60 
72 

108 
120 
144 


11.67 
14.00 
16.33 
18.67 
21.00 
23.33 
28.00 


10.83 
13.00 
15.17 
17.33 
19.50 
21.67 
26.00 


10.42 
12.50 

16.67 

18.75 
20.83 
25.00 


8.57 

6.12 
5.36 
4.76 
4.29 
357 


9.23 
7.69 
6.59 
5.77 
513 
4.62 
3.85 


9.60 
8.00 
6.86 
6.00 

5-33 
4.80 
4.00 


Corrugated  Sheets. — Painted. 
Weights  in  Pounds  per  100  Square  Feet. 


Nom. 
Cor- 
rug. 

Inches 


Thickness.  U.  S.  Standard  Gage  and  Decimals  of  an  Inch 


12 


14 


16 


18 


23 


24 


25 


26 


27 


28 


.109 


.078 


.063 


.050 


.038 


.034 


.031 


.028 


.025 


.019 


.017 


.016 


5 

ii 

2 
f 


339 


474 


339 


271 
271 
271 
271 


217 
217 
217 
217 


163 
163 
163 
163 
170 


150 
150 
150 

156 


136 
136 
136 
136 
142 


123 
123 
123 
123 
128 


no 
no 
no 
no 
114 
"4 


96 
96' 


83 
83 
83 

H 

86 
86 


76 
76 

76 
79 
79 


68 
68 
68 
68 
72 
72 


Corrugated  Sheets. — Galvanized. 
Weights  in  Pounds  per  100  Square  Feet. 


Nom. 

Cor. 

rug. 

Inches 


Thickness,  U.  S.  Standard  Gage  and  Decimals  of  an  Inch 


12 


16 


18 


23 


24 


25 


26 


27 


28 


.109 


.078 


.063 


.050 


.038 


.034 


.031 


.028 


.025 


.022 


.019 


.017 


.016 


5 

li 

2 
li 
t 


354 


488 


354 


286 
286 
286 
286 


232 
232 
232 
232 


178 
178 
178 
178 
185 


165 


151 
151 
151 
151 
157 


138 
138 
138 
138 


124 
124 
124 
124 
129 
129 


III 
III 
III 
III 


98 
98 
98 
98 

lOI 
lOI 


91 
91 
91 
91 
94 
94 


85 
85 
85 
85 
87 
87 


The  weights  per  100  square  feet  given  in  preceding  tables  do  not  include  allowances  for  end 
or  side  laps.     The  following  table  gives  the  approximate  number  of  square  feet  of  sheeting  neces- 
sary to  cover  an  area  of  100  square  feet  and  is  based  on  sheets  of  standard  width,  96  inches  long. 
If  longer  or  shorter  sheets  are  used,  the  number  of  square  feet  required  will  vary  accordingly. 
Square  Feet  of  Corrugated  Sheets  to  Cover  100  Square  Feet. 


Side  Lap 


I    Corrugation . 
2 


End  Lap,  Inches 

I 

2 

3 

4 

5 

6 

no 
116 
123 

III 

"7 
124 

112 
118 
125 

113 
119 

126 

114 
120 
127 

"5 
121 
128 
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Gutters. — Eave  or  valley  gutters  should  always  be  galvanized.  Valley  gutters  should  be 
No.  20  gage.  Eave  gutters  and  conductors  should  be  No.  22  gage.  Gutters  should  be  sloped  not 
less  than  i  in.  in  15  ft. 


Weights 

OF  Eave  Gutters 

AND  Conductors  of  Gal  v.  Iron  or 

Steel. 

Span  of  Roof. 

Sire  of  Gutter. 

Wt.  per  ft. 

Size  and  Spacing 
of  Conductor. 

Wt.  per  lin.  ft. 
No.  22. 

up  to    50' 
50'  to    70' 
70'  to  100' 

6",  No.  22 
7",  No.  22 

8",  No.  22 

1.8  lb. 

1.9  lb. 
2.1  lb. 

4  in.  every  40'  0" 

5  in.  every  40'  0" 
5  in.  every  40'  0" 

I.S  lb. 
2.1  lb. 
2.3  lb. 

Details  of  conductors  and  downspouts  are  given  in  Fig.  21. 


Adjustable 
hsnger  every 
4  feet' 


every  3  Feed  For 


N^'^Z 


\ 


N-^3 


Type 

Area 

Drained 

Sfft- 

Size 

of 

6utder 

Conductors  \ 

Piam- 
Ins- 

Spaced 
Ft- 

NSl 

0  bo  1200 
1200  to  1800 
1800  to2400 

6" 
8" 

4 
3 
3 

40 
40 
40 

NS2 
snd 

otozaoo 

2400toi600 
UOOto4800 

4'x8' 
3'x8' 
3'x/O' 

5 
6 
6 

40 
40 
40 

Eave  and  Valley  Gutters 

usually  N'^^O  orsan7e  gage 

as  rooFirrg* 

Slope  one  Inch  in  F/Fteen 

Feet* 

Order  In  S  Feet  lengths^ 
Conductors  usually  H^Z2 

or  same  gage  as  siding  • 


Fig.  21.    Details  o^  Conductors  and  Downspouts.    American  Bridge  Company. 

Purlins. — Details  of  connections  for  purlins  used  for  a  corrugated  steel  roof  are  given  in  Fig. 
22. 

Cornice. — For  details  of  cornice  see  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
ROOF   COVERINGS. — Mill  buildings  are  covered  with  corrugated  steel  supported  directly 
on  the  purlins;  by  slate,  tile  or  cement  tile  supported  by  sub-purlins;  or  by  corrugated  steel, 
slate,  tile,  cement  tile,  shingles,  gravel  or  other  composition  roof,  or  some  one  of  the  various  pat- 
ented roofings  supported  on  sheathing.    The  sheathing  is  commonly  made  of  a  single  thickiiess 
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i£&' 


? 


Note  :Make  due  a/fowance  inPandN  /br  &j^  whic/i  omrun 


Ltq  Clip 
if  Angle- 

f«2 


Angle  PuojNS 


I' 

2 

H 


CHMNBLPmJia 


T 


MiOp^i 


Channel  puH/ns  over  7* 
deep  to  have  flange  also 
attached  to  rafters- 


¥ 


imm^' 


S^ 


X 


f 

3 
4 
5 
H 


r 

2i 
3 
3 
3 
H 
3i 


IT 

I  Beam purlts  over  7"deep  are  usu^  bolted  direct  to  rafter- 


UriiO^xA^P 


I  Beam  Pubuns 


4*i 
4*5 
5"^ 


H 
2 
2 


24\ 

H 

3 


/^2i'li'lW/i 


J 


^ 


U^^An^P 


If 


Zee  B^purlntsom-B'to  have  Flange  ponchtd  for  ctimection  b  rafter 


IBAHPUJtUNS 


h*2i 
3ix?^ 
4*!> 


l4l1 


Purl/ns  org/rts  should  extend,  where  posslUe,  over  two  or  more  bays  with  joints 
stajgemd-  Where  jx/r/jm  act  as  struts,  use  dip  with  fwr  holes  • 

Where  purlins  are  punched  for  nailing  strips,  q>ace  holes  about  i'O' apart  •  Bolt 
purlins  to  clips  and  clips  to  trusses  unless  otherwise  specified' 


Fig.  22.    Details  of  Publins  for  Corrugated  Steel  Roof.    American  Bridge  Company. 
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of  planks,  i  to  3  inches  thick.  The  planks  are  sometimes  laid  in  two  thicknesses  with  a  layer  of 
lime  mortar  between  the  layers  as  a  protection  against  fire.  In  fireproof  buildings  the  sheathing 
is  commonly  made  of  reinforced  concrete.  Concrete  slabs  are  sometimes  used  for  a  roof  covering, 
being  in  that  case  supported  directly  by  the  purlins,  and  sometimes  as  a  sheathing  for  a  slate  or 
tile  roof. 

The  roofs  of  smelters,  foundries,  steel  mills,  mine  structures  and  similar  structures  are  com- 
monly covered  with  corrugated  steel.  Where  the  buildings  are  to  be  heated  or  where  a  more 
substantial  roof  covering  is  desired  slate,  tile,  tin  or  a  good  grade  of  composition  roofing  is  used, 
or  the  roof  is  made  of  reinforced  concrete.  For  very  cheap  and  for  temporary  roofs  a  cheap  com- 
position roofing  is  commonly  used.  The  following  coverings  will  be  described  in  the  order  given; 
corrugated  steel,  slate,  tile,  tin,  and  tar  and  gravel.  A  slate  roof  on  reinforced  concrete  sheath- 
ing is  shown  in  Fig.  45  and  in  Fig.  46. 

CORRUGATED  STEEL  ROOFING.—Comigated  steel  roofing  is  laid  on  plank  sheathing  or 
is  supported  directly  on  the  purlins.  Corrugated  steel  roofing  should  be  kept  well  painted  with  a 
good  paint.  Where  the  roofing  is  exposed  to  the  action  of  corrosive  gases  as  in  the  roof  of  a  smelter 
reducing  sulphur  ores,  ordinary  red  lead  or  iron  oxide  paint  is  practically  worthless  as  a  protective 
coating;  better  results  being  obtained  with  graphite  and  asphalt  paints.  Tar  paint,  made  by 
mixing  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16  parts  of  tar,  4  parts  of  Portland 
cement,  and  3  parts  of  kerosene,  by  volume,  is  an  excellent  protection  against  corrosive  gases  in 
smelters  and  similar  structures.  Galvanized  corrugated  steel  is  quite  extensively  used.  To  pre- 
vent the  condensation  of  vapor  on  the  inside  of  the  metal  roof,  corrugated  steel  roofing  should 
be  laid  on  sheathing  or  should  have  anti-condensation  lining. 

Corrugated  steel  sheets  covered  with  an  asbestos  preparation  can  now  be  obtained  on  the 
market. 

Anti-Condensation  Lining. — ^Anti-condensation  lining,  shown  in  Fig.  23,  connsts  of  asbestos 
felt  supported  on  wire  netting  that  is  stretched  tight  and  supported  by  the  purlins.  Anti-con- 
densation lining  is  put  on  according  to  two  systems. 

Berlin  System,  (5)  Fig.  23. — (i)  Lair  galvanized  wire  netting.  No.  lo,  2-in.  mesh,  tians- 
verselv  to  the  purlins  with  edees  about  li  in.  apart  so  that  when  laced  together  with  No.  20  brass 
wire  the  netting  will  be  stretched  smooth  and  tight.  When  the  purlins  are  spaced  more  than  ^  ft. 
apart  stretch  No.  9  galvanized  wire  across  the  purlins  about  2  ft.  centers  to  hold  up  the  netting. 

(2)  On  the  top  of  the  wire  netting  place  a  layer  of  asbestos  paper  weighing  14  lb.  per  sauare 
of  100  sq.  ft.,  and  on  this  place  a  layer  of  asbestos  paper  weighing  6  lb.  per  square.  All  holes  in 
the  paper  must  be  patched  when  laid. 

(3)  On  top  of  the  asbestos  I>aper  lay  two  thicknesses  of  Neponset  building  paper. 

Note. — ^The  asbestos  and  building  paper  should  lap  3  in.  and  break  joints  12  in.  The  corru- 
gated steel  is  fastened  with  the  usual  connections.  Use  tin  washers  on  corrugated  steel  bolts 
where  there  is  danger  of  broking  or  tearing  the  lining. 

Wire  netting.  No.  19  ga^,  2-in.  mesh  comes  in  bundles  6  ft.  wide  and  150  ft.  long,  containing 
000  sq.  ft.  Asb^tos  comes  in  rolls  36  in.  wide  and  is  sold  by  the  pound.  No.  20  brass  wire  is 
bought  by  the  pound,  272  lineal  ft.  weigh  one  pound.  Neponset  ouilding  paper  comes  in  rolls 
36  in.  wide  and  250  ft.  or  500  ft.  long.  Do  not  cut  a  rolL  Add  10  per  cent  for  laps  of  asbestos 
and  building  paper. 

Minneapolis  System,  (6)  Fig.  23. — (i)  Lay  wire  netting.  No.  19,  2-in.  mesh,  transversely  to 
the  purlins,  with  edges  li  in.  apart,  so  that  when  laced  together  with  No.  20  brass  wire  the  netting 
will  be  stretched  smooth  and  ti^ht. 

(2)  On  the  top  of  the  netting  lay  asbestos  paper  weighing  30  lb.  to  the  square  of  100  sq.  ft., 
allowing  3  in.  for  laps.  For  important  work  lay  one  or  two  thicknesses  of  building  paper  on  top 
of  the  asbestos. 

(3)  Lay  the  corrugated  steel  and  fasten  to  purlins  in  the  usual  manner. 

Note. — If  wood  purlins  are  used  the  wire  netting  may  be  fastened  to  the  nailing  strips  with 
}  in.  staples.  Where  the  purlins  are  more  than  2  It.  6  m.  centera  place  a  line  of  -ff  in.  bolts  between 
purlins,  about  2  ft.  centers,  with  washers  xin.X4in.Xiin.t0  prevent  netting  from  sagging. 

SLATS  ROOFING. — Roofing  slates  are  usually  made  from  i  to  }  inches  thick;  ^  inch 
bdng  a  very  common  thickness.    Slates  vary  in  size  from  6  in.  X  12  in.  to  24  in.  X  44  in*;  the- 
'-va  varying  from  6  in.  X  12  in.  to  12  in.  X  18  in.  being  the  most  common.  ' 
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Fig.  23.    Details  of  Roofing,  Ventilators  and  Anti-Condensation  Lining. 
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Slates  are  laid  like  shingles  as  shown  in  Fig.  23.  The  lap  most  commonly  used  is  3  inches; 
where  less  than  the  minimum  pitch  of  i  is  used  the  lap  should  be  increased.  The  number  of  slates 
of  different  sizes  required  for  one  square  of  100  sq.  ft.  of  roof  for  a  3-in.  lap  are  given  in  Table  II. 
The  weight  of  slates  of  the  various  lengths  and  thicknesses  required  for  one  square  of  roofing, 
using  a  3-in.  lap  is  given  in  Table  III.  The  weight  of  slate  is  about  174  lb.  per  cu.  ft.  The  weight 
of  slate  per  superficial  sq.  ft.  for  different  thicknesses  is  given  in  Table  IV. 

TABLE  II. 
Number  of  Roofing  Slates  Required  to  Lay  One  Square  of  Roof  with  3-IN.  Lap. 


Sixe  in  Inches. 

No.  of  Slate  in 
Squaxe. 

Size  in  Inches. 

No.  of  Slate  in 
Squaze. 

Sixein  Inches. 

No.  of  Slate  In 
Square. 

6X  12 
7X12 
8X  12 
9X  12 

10  X  12 

12  X  12 

7X14 

8X  14 

9X14 
10  X  14 
12  X  14 

533 
457 
400 

355 

320 
266 

374 
327 

291 
261 
218 

8X16 

9X  16 

10  X  16 

12  X  16 

9X18 

10  X  18 

11  X  18 

12  X  18 

14X18 

10  X  20 

11  X20 

277 
246 
221 
184 

213 
192 

18 

154 

12X20 
14X20 
II  X22 
12X22 

14  X  22 
12X24 
14X24 
16X24 

14X26 
16X26 

141 
121 

137 
126 

108 
114 

TABLE  III. 
The  Weight  of  Slate  Required  for  One  Square  of  Roof. 


Length  in 
Inches. 

Weight  in  pounds,  per  square,  for  the  thickness. 

J" 

A" 

i" 

i" 

i" 

f" 

1" 

I" 

12 

\i 

18 

20 
22 

460 
445 

434 

4*S 
418 
41a 
407 

III 
667 
650 

626 

617 
610 

967 

1^ 
869 

851 
836 

825 

815 

1370 
1336 
1303 

1276 
I2S4 
1238 
1222 

1936 
1842 
1784 
1740 

1704 
1675 
1653 
163 1 

2419 
2301 
2229 
2174 

2129 

2093 
2066 
2039 

2902 
2760 
2670 
2607 

2508 
2478 
2445 

3872 
3683 
3567 
3480 

3408 
3350 
3306 
3263 

TABLE  IV. 
Weight  of  Slate  Per  Square  Foot. 


Thickness— in 

Weiffht— lb 

1.81 

2.71 

3.62 

i 
5.43 

i 
7.25 

9.06 

i 
10.87 

I 

14.S 

The  minimum  pitch  recommended  for  a  slate  roof  is  };  but  even  with  steeper  slopes  the  rain 
and  snow  may  be  driven  under  the  edges  of  the  slates  by  the  wind.  This  can  be  prevented  by 
laying  the  slates  in  slater's  cement.  Cemented  joints  should  always  be  used  around  eaves,  ridges 
and  chimneys. 

Slates  are  commonly  laid  on  plank  sheathing.  The  sheathing  should  be  strong  enough  to 
prevent  deflections  that  will  break  the  slate,  and  should  be  tongued  or  grooved,  or  shiplapped,  and 
dressed  on  the  upper  surface.  Concrete  sheathing  reinforced  with  wire  mesh,  expanded  metal 
or  rods  b  now  being  used  quite  extensively  for  slate  and  tile  roofs,  and  makes  a  fireproof  roof,  see 
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Fig.  46.  Tar  roofing  felt  laid  between  the  slates  and  the  sheathing  assists  materially  in  making 
the  roof  waterproof,  and  prevents  breakage  when  the  roof  is  walked  on.  The  use  of  rubber-soled 
shoes  by  the  workmen  will  materially  reduce  the  breakage  caused  by  walking  on  the  roof.  Roof- 
ing slates  may  also  be  supported  directly  on  sub-purlins.  The  details  of  this  method  are  practically 
the  same  as  for  tile  roofing,  which  see. 

When  roofing  slates  are  laid  on  sheathing  they  are  fastened  by  two  nails,  one  in  each  upper 
corner,  Fig.  23.  When  supported  directly  on  sub-purlins  the  slates  are  fastened  by  copper  or 
composition  wire.  Galvanized  and  tinned  steel  nails,  copper,  composition  and  zinc  slate  roofing 
nails  are  used.  Where  the  roof  is  to  be  exposed  to  corrosive  gases  copper,  composition  or  zinc 
nails  should  be  used. 

TILE  ROOFING. — Baked  clay  or  terra-cottli  roofing  tiles  are  made  in  many  forms  and 
sizes.  Plain  roofing  tiles  are  usually  loi  in.  long,  6i  in.  wide  and  f  in.  thick;  weigh  from  2  to 
2 1  lb.  each  and  lay  one-half  to  the  weather.  There  are  many  other  forms  of  tile  among  which 
book  tile,  Spanish  tile,  pan  tile  and  Ludowici  tile  are  well  known.  Tiles  are  also  made  of  glass 
and  are  used  in  the  place  of  skylights. 

Tiles  may  be  laid  (i)  on  plank  sheathing,  (2)  on  reinforced  concrete  sheathing,  or  (3)  may  be 
supported  directly  on  angle  sub-purlins  as  shown  in  Fig.  13.  Tiles  are  laid  on  sheathing  in  the 
same  manner  as  slates. 

The  roof  shown  in  Fig.  13  was  constructed  as  follows:  Terra-cotta  tiles,  manufactured  by 
the  Ludowici  Roofing  Tile  Co.,  Chicago,  111.,  were  laid  directly  on  the  angle  sub-purlins,  every 
fourth  tile  being  secured  to  the  angle  sub-purlins  by  a  piece  of  copper  wire.  The  tiles  were  inter- 
locking, requiring  no  cement  except  in  exceptional  cases.  The  tiles  were  9  X  16  in.  in  sWe;  135 
being  sufficient  to  lay  a  square  of  100  sq.  ft.  of  roof.  These  tiles  weigh  from  750  to  800  lb.  per 
square,  and  cost  about  $6.00  per  square  at  the  factory.  Skylights  in  this  roof  were  made  by 
substituting  glass  tiles  for  the  terra-cotta  tiles.  This  and  similar  tile  have  been  used  in  this  man- 
ner on  a  large  number  of  mills  and  train  sheds  with  excellent  results. 

Tile  roofs  laid  without  sheathing  do  not  ordinarily  condense  the  steam  on  the  inner  surface 
of  the  roof  unless  the  tiles  are  glazed,  although  several  cases  have  been  brought  to  the  author's 
attention  where  the  condensation  has  caused  trouble  with  tile  roofs  made  of  porous  tiles.  Anti- 
condensation  roof  lining  should  be  used  where  there  is  danger  of  excessive  sweating,  or  a  porous 
tile  should  be  used  that  is  known  to  be  non-sweating. 

TIN  ROOFING. — ^Two  sizes  of  tin  plates  are  in  common  use,  14  in.  X  20  in.  and  20  in.  X  28 
in.,  the  latter  size  being  most  used.  Tin  sheets  are  made  in  several  thicknesses,  the  IC,  or  No.  29 
gage  weighing  8  ounces  to  the  sq.  ft.,  and  the  IX,  or  No.  27  gage  weighing  10  ounces  to  the  sq.  ft., 
being  the  most  used.  The  standard  weight  of  a  box  of  1 12  sheets,  14  X  20  size  is  108  lb.  for  IC 
plate,  and  136  lb.  for  IX  plate.  Boxes  containing  imperfect  sheets  or  "  wasters  "  are  marked 
ICW  or  IXW.  Every  sheet  should  be  stamped  with  the  name  of  the  brand  and  the  thickness. 
The  value  of  tin  roofing  depends  upon  the  amount  of  tin  used  in  coating  and  the  uniformity  with 
which  the  iron  has  been  coated.  The  amount  of  tin  used  varies  from  8  to  47  lb.  for  a  box  of  20  X  28 
size  containing  112  sheets. 

Tin  roofing  is  laid  (i)  with  a  flat  seam,  or  (2)  with  a  standing  seam.  In  the  former  method 
the  sheets  of  tin  are  locked  into  each  other  at  the  edges,  the  seam  is  flattened  and  fastened  with 
tin  cleats  or  is  nailed  firmly  and  is  soldered  water  tight.  Rosin  is  the  best  flux  for  soldering,  al- 
though some  tinners  recommend  the  use  of  diluted  chloride  of  zinc.  For  flat  roofs  the  tin  should 
be  locked  and  soldered  at  all  joints,  and  should  be  secured  by  tin  cleats  and  not  by  nails.  For 
steep  roofs  the  tin  is  commonly  put  on  with  standing  seams,  not  soldered,  running  iR^th  the  pitch 
of  the  roof,  and  with  cross-seams  double  locked  and  soldered.  One  or  two  layers  of  tar  paper 
should  be  placed  between  the  sheathing  and  the  tin. 

The  under  side  of  the  sheets  should  be  painted  before  laying.  Tin  roofs  should  be  painted 
every  two  or  three  years.     If  kept  well  painted  a  tin  roof  should  last  25  to  30  years. 

For  flat  seam  roofing,  using  i  in.  locks,  a  box  of  14  X  20  tin  will  cover  192  sq.  ft.,  and  for 
standing  seam,  using  i  in.  locks  and  turning  il  and  1}  in.  edges,  making  i  in.  -^'*— '• —  -^'^ams, 
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it  will  lay  i68  sq.  ft.  For  flat  seam  roofing,  using  }  in.  locks,  a  box  of  20  X  28  tin  will  lay  about 
399  8Q«  ^t.,  and  for  standing  seam,  using  }  in.  locks  and  turning  i  J  and  i)  in.  edges,  making  i  in. 
standing  seams,  it  will  lay  about  365  sq.  ft. 

TAR  AND  GRAVEL  ROOF.— Tar  and  gravel  roofs  are  called  three-,  four-,  five-ply,  etc., 
depending  upon  the  number  of  layers  of  roofing  felt.  Tar  and  gravel  roofs  may  be  laid  upon  timber 
sheathing  or  upon  concrete  slabs.  For  details  of  a  tar  and  gravel  roof  see  Fig.  23.  The  following 
specifications  are  taken  from  the  author's  "  Specifications  for  Steel  Frame  Buildings." 

Specifications  for  Five-Ply  Tar  and  Gravel  Roof  on  Timber  Sheathing. — ^The  materials  used 
in  making  the  roof  are  i  (one}  thickness  of  sheathing  paper  or  unsaturated  felt,  5  (five)  thick- 
nesses of  saturated  felt  weighing  not  less  than  15  (fifteen)  lb.  per  square  of  one  hundred  (100) 
sq.  ft.,  single  thickness,  and  not  less  than  one  hundred  and  twenty  (120)  lb.  of  pitch,  and  not 
less  than  four  hundred  (400)  lb.  of  gravel  or  three  hundred  (300)  lb.  of  slag  from  i  to  |  in.  in  size, 
free  from  dirt,  per  square  of  one  hundred  (100)  sq.  ft.  of  completed  roof. 

The  material  shall  be  applied  as  follows:  First,  lay  the  sheathing  or  unsaturated  felt,  lapping 
each  sheet  one  in.  over  the  preceding  one.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping 
each  sheet  seventeen  (17)  m.  over  the  preceding  one,  nailing  as  often  as  majr  be  necessary  to 
hold  the  sheets  in  place  until  the  remaining  felt  is  appHed.  Third,  coat  the  entire  surface  of  this 
two-ply  layer  with  hot  pitch,  mopping  on  uniformly.  Fourth,  apply  three  (3)  thicknesses  of  felt, 
lapping  each  sheet  twenty-two  (22)  in.  over  the  preceding  one,  mopping  with  hot  pitch  the  full 
width  of  the  22  in.  between  the  plies,  so  that  in  no  case  shall  felt  touch  felt.  Such  hailing  as  is 
necessary  shall  be  done  so  that  all  nails  will  be  covered  by  not  less  than  two  plies  of  felt;  fifth, 
spread  over  the  entire  surface  of  the  roof  a  uniform  coating  of  pitch,  into  which,  while  hot,  imbed 
tne  gravel  or  slag.     The  gravel  or  slag  in  all  cases  must  be  dry. 

Specifications  for  Five-Ply  Tar  and  Gravel  Roof  on  Concrete  Sheathing. — ^The  materials 
used  shall  be  the  same  as  for  tar  and  gravel  roof  on  timber  sheathing,  except  that  the  one  thick- 
ness of  sheathing  paper  or  unsaturated  felt  may  be  omitted. 

The  materials  shall  be  applied  as  follows:  First,  coat  the  concrete  with  hot  pitch,  mopped 
on  uniformly.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping  each  sheet  seventeen  (17) 
in.  over  the  preceding  one,  and  mop  with  hot  pitch  the  full  width  of  the  17-in.  lap,  so  that  in  no 
case  shall  felt  touch  felt.  Third,  coat  the  entire  surface  with  hot  pitch,  mopped  on  uniformly. 
Fourth,  lay  three  (3)  thicknesses  of  felt,  lapping  each  sheet  twenty-two  (22)  in.  over  the  preceding 
one,  mopping  with  hot  pitch  the  full  width  of  the  22-in.  lap  between  the  plies,  so  that  in  no  case 
shall  felt  touch  felt.  Fifth,  spread  the  entire  surface  of  the  roof  with  a  uniform  coat  of  pitch, 
into  which,  while  hot,  imbed  gravel  or  slag. 

Cost  of  Five-Ply  Tar  and  Gravel  Roofing.*— The  cost  of  a  round  house  roof  in  the  middle 
west,  based  on  1912  prices  and  containing  500  squares  of  five-ply  tar  and  gravel  roofing,  was  as 
follows. 

Cost  per  square  of  100  sq.  ft.  not  including  fixed  charges  or  profit,  not  including  sheathing. 

Sheathing  paper,  5  lb io.12 

Pitch,  155  lb.  at  60  cents  per  100  lb 0.93 

Felt,  85  lb.  at  $1.65  per  100  lb 1.40 

Nails  and  caps 0.05 

Cleats  for  flashing 0.05 

Gravel  (about  one-seventh  yard) 23 

Labor,  including  hauling,  board  and  railroad  fare 1.15 

Total  cost  per  square l3*93 

SHOP  FLOORS. — Floors  for  industrial  plants  may  be  placed  on  a  foundation  resting  directly  ' 

on  the  ground  or  may  be  self  supporting.     Several  examples  of  shop  floors  that  rest  on  the  ground  ' 

are  shown  in  Fig.  25.     Standard  specifications  for  a  cement  floor  and  for  a  wood  floor  on  a  tar  I 

concrete  base  follow.  i 

The  following  specifications  are  from  the  author's  "  Specifications  for  Steel  Frame  Buildings."  1 

Specifications  for  Cement  Floor  on  a  Concrete  Base.    Materials.— The  cement  used  shall 

be  first-class  Portland  cement,  and  shall  pass  the  standards  of  the  American  Society  for  Testing  ' 

Materials.     The  sand  for  the  top  finish  shall  be  cleail  and  sharp  and  shall  be  retained  on  a  No.  30  i 

sieve  and  shall  have  passed  the  No.  20  sieve.     Broken  stone  tor  the  top  finish  shall  pass  a  }  in.  | 

♦Am.  Ry.  Eng.  Assoc.,  Vol.  14,  p.  852. 
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screen  and  shall  be  retained  on  the  No.  30  screen.  Dust  shall  be  excluded.  The  sand  for  the 
base  shall  be  clean  and  sharp.  The  aggregate  for  the  base  shall  be  of  broken  stone  or  gravel  and 
shall  pass  a  2  in.  ring. 

Base. — On  a  thoroughly  tamped  and  compacted  subgrade  the  concrete  for  the  base  shall  be 
laid  and  thoroughly  tamped.  The  base  shall  not  be  less  than  2}  in.  thick.  Concrete  for  the 
base  shall  be  thoroughly  mixed  with  sufficient  water  so  that  some  tamping  is  reauired  to  bring 
the  moisture  to  the  surface.     If  old  concrete  is  used  for  the  base  the  surface  shall  be  roughened 
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Fig.  25.    Examples  of  Ground  Shop  Floors. 

and  thoroughly  cleaned  so  that  the  new  mortar  will  adhere.  The  roughened  surface  of  old  con- 
crete shall  then  be  thoroughly  wet  so  that  the  base  will  not  draw  water  from  the  finish  when  the 
latter  is  applied.     Before  scrubbing  the  base  with  grout  the  excess  water  shall  be  removed. 

Finish. — With  old  concrete  the  surface  of  the  base  shall  first  be  scrubbed  with  a  thin  grout 
of  pure  cement,  rubbed  in  with  a  broom.  On  top  of  this,  before  the  thin  coat  is  set,  a  coat  of 
finish  mixed  in  the  proportions  of  one  part  Portland  cement,  one  part  stone  broken  to  pass  a  \  in. 
ring,  and  one  part  sand  shall  be  troweled  on  using  as  much  pressure  as  possible,  so  that  it  will 
take  a  firm  bond.  After  the  finish  has  been  applied  to  the  desired  thickness  it  should  be  screeded 
and  floated  to  a  true  surface.     Between  the  tune  of  initial  and  final  set  it  shall  be  finished  by 
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skilled  workmen  with  steel  trowels  and  shall  be  worked  to  a  final  surface.  Under  no  condition 
shall  a  dryer  be  used,  nor  shall  water  be  added  to  make  the  material  work  easily. 

Specifications  for  Wood  Floor  on  a  Tar  Concrete  Base.  Floor  Sleepers. — ^Sleepers  for 
carrying  the  timber  floor  shall  be  3  in.  X  3  in.  placed  18  in.  c.  to  c.  After  the  subgrade  has  been 
thoroughly  tamped  and  rolled  to  an  elevation  of  4)  in.  below  the  tops  of  the  sleepers,  the  sleepers 
shall  be  placed  in  position  and  supported  on  stakes  driven  in  the  subgrade.  before  depositing 
the  tar  concrete  the  sleepers  must  be  brought  to  a  true  level. 

Tar  Concrete  Base. — The  tar  concrete  base  shall  be  not  less  than  4}  in.  thick  and  shall  be 
laid  as  follows:  First,  a  layer  three  (3)  in.  thick  of  coarse,  screened  gravel  thoroughly  mixed  with 
tar,  and  tamped  to  a  hard  level  surface.  Second,  on  this  bed  spread  a  top  dressing  i)  in.  thick 
of  sand  heat^  and  thoroughly  mixed  with  coal  tar  pitch,  in  the  proportions  of  one  (i)  part  pitch 
to  three  (3)  parts  tar.  The  gravel,  sand  and  tar  shall  be  heated  to  from  200  to  300  degrees  F., 
and  shall  be  thoroughly  mixed  and  carefully  tamped  into  place. 

Plank  Sub-Floor. — ^The  floor  plank  shall  be  of  sound  hemlock  or  pine  not  less  than  2  in. 
thick,  planed  on  one  side  and  one  edge  to  an  even  thickness  and  width.  The  floor  pLank  is  to  be 
toe-nailed  with  4  in.  wire  nails. 

Finished  Flooring. — ^The  finished  flooring  is  to  be  of  maple  of  clear  stock,  }  in.  finished  thick- 
ness, thoroughly  air  and  kiln  dried  and  not  over  4  in.  wide.  The  flooring  is  to  be  planed  to  an  even 
thickness,  the  edges  jointed,  and  the  underside  channeled  or  ploughed.  The  finished  floor  is  to 
be  laid  at  right  aneles  to  the  sub-floor,  and  each  board  neatly  fitted  at  the  ends,  breaking  joints 
at  random.  The  floor  is  to  be  final  nailed  with  10  d.  or  3  in.  wire  nails,  nailed  in  diagonal  rows 
16  in.  apart  across  the  boards,  with  two  (2)  nails  in  each  row  in  every  board.  The  floor  to  be 
finished  off  perfectly  smooth  on  completion. 

The  finished  flooring  is  not  to  be  taken  into  the  building  or  laid  until  the  tar  concrete  base 
and  sub-plank  floor  are  thoroughly  dried. 
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Fig.  26.    Examples  of  Shop  Floors  Above  Ground. 

Shop  floors  above  ground  may  be  made  of  timber  resting  on  beams,  of  brick  arch  construe- 
Hon,  (a)  Fig.  26,  of  concrete  with  corrugated  steel  arch  centers  as  shown  in  (6),  of  reinforced  con- 
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Crete  as  shown  in  (c)  and  (d),  of  steel  filled  with  concrete  as  shown  in  (e),  (/),  (g),  (A),  or  of 
concrete  reinforced  with  Buckeye  flooring  as  shown  in  (j)  or  Multiplex  flooring  as  shown  in  (j). 

Timber  Floors. — ^The  Yellow  Pine  Manufacturers  Association  has  calculated  the  safe 
span  of  yellow  pine  when  used  for  mill  floors  with  fiber  stresses  of  1,200  to  1,800  lb.  per  sq.  in. 
for  live  loads  of  100  to  300  lb.  per  sq.  ft.  in  addition  to  the  weight  of  the  floor,  Table  V.  In  the 
line  marked  "  Deflection  "  is  given  the  span  which  has  a  maximum  deflection  of  one  thirtieth  of 
an  inch  per  foot  of  span  for  the  various  live  loads.  The  modulus  of  elasticity  of  timber  was  taken 
as  1 ,684,800  lb.  per  sq.  in.  The  table  may  be  used  for  any  kind  of  timber  by  using  the  proper 
working  stress.  The  maximum  spans  for  fiber  stresses  less  than  1,200  lb.  per  sq.  in.  may  be  found 
as  follows:  Required  the  maximum  safe  span  for  a  timber  floor  2|  in.  thick  for  a  fiber  stress  of 
800  lb.  per  sq.  in.  and  a  live  load  of  150  lb.  per  sq.  ft.  The  span  is  approximately  the  same  as  for 
a  fiber  stress  of  1,200  lb.  per  sq.  in.  and  a  live  load  of  225  lb.  per  sq.  ft.,  «=  6  ft.  11  in.;  or  for  a 
fiber  stress  of  1,600  lb.  per  sq.  in.  and  a  live  load  of  300  lb.  per  sq.  ft.,  »  6  ft.  11  in. 

TABLE  V. 

Allowable  Span  for  Timber  Floors. 
Yellow  Pine  Manufacturers  Association. 
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Waterproofing. — For  methods  of  waterproofing  floors,  walls,  etc.,  see  methods  of  waterproofing 
bridge  floors  in  Chapter  IV. 
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Fig.  27.    Dimensions  and  Data  for  Glazed  Wood  Sash. 
American  Bridge  Company. 
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Fig.  28.    Dimensions  for  Glazed  Wood  Sash. 
American  Bridge. Company. 
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WINDOWS  AND  SKY  LIGHTS. — Mill  and  mine  buildings  should  have  an  ample  amount 
of  glazing  in  the  form  of  windows  and  sky  lights.  Plane  glass  is  made  in  two  thicknesses,  single 
strength  approximately  ^  in.  thick,  and  double  strength  approximatley  i  in.   thick.      Plane 
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Data  for  Double  Hung  Weighted  Windows. 
American  Bridge  Company. 


glass  18  graded  as  AA,  A,  and  B.  The  AA  grade  being  the  best  and  the  B  grade  the  poorest. 
Wire  s^ass  b  -^  in.  or  }  in.  thick  and  may  tie  obtained  with  a  smooth  surface,  with  factory  nbs 
or  prisms.  For  ordinary  windows  double  strength  glass  gives  very  satisfactory  results.  For 
-^*  lights  and  where  windows  are  liable  to  be  broken,  wire  glass  should  be  used.     The  best 


COUNTERBALANCED  WINDOWS, 


39 


i'x/^' Lag  Screws^  I  CoifflTTRBALANCEO  WINDOW 


i'^^^'Parting 
Strip — • 


S  V'-y*V5top       §^'stop'%  IdL 


A-r\H'Boit 

M^'/i'S'Strip 

-jH' Partly 
Strip 


:  -A.. 


V. 

v; 


i- t 

Type  A 


1 


...± 


In 


Stile 


^\ 


^i^r'Munbtnj 


T  " 

r 

I 

I: 
I 


l/se  steel  t¥mdbiy posts  only 
when  girts  connect  at  s/9e  -. 


■4  n4  Wf^  m^m 


k*y 


/■^-Z   £ V' 


'putKwt<fm»tmi*/ttfDr7p^"i  f^ 


/'xi' 


'^S^-i 


^/i' strip 
I'Block 
f'Sk'BoJt 


l^piENsms  FOR  Wood  Frames  FOR  TRfPLE  Hung  ComrERBALAHCo)  VlfiHOOW" 


DistmceHm  table  IS  6/rtSp3cing 
fur  Tr^Hunf  Couoterbahnced  Wm- 
doinfS' For  nrkfth see  sheet grmgtndth 
oF  ordinary  Ccanterb^anceJ  WMoms^ 


FfG  ^a    Data  fok  Cocvtecbalavceo  Wanx>irs. 
Ameucax  Budge  Compavy. 


^fe^ 

Ht4^ 

5p»dog 

HelyN: 

"'i^ 

5p^ 

(^(S&s; 

High 

H 

^Gbx 

High 

H 

12* 

6 

fH" 

»' 

6 

8'Bi* 

12 

9 

IO-€i 

14 

9 

f2-0i 

/2 

12 

a-7i 

14 

/2 

IS'7i 

a 

B 

»-si 

14 

/S 

I9'2i 

12 

a 

20-t 

U 

a 

Zi-I 

40 


STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS. 


Chap.  I. 
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Fig.  31.     Data  for  Pivoted  Windows.    American  Bridge  Company. 


FIXED  SASH   WITH   MONITORS. 
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glass  for  glazing  windows  in  industrial  plants  is  "  factory  ribbed  glass  "  with  twenty-one  ribs  to 
the  inch,  the  ribs  being  placed  on  the  inside  of  the  window.  This  glass  is  considerably  more  ex- 
pensive than  plane  glass  but  is  much  more  satisfactory. 

Translucent  fabric  made,  by  imbedding  wire  cloth  in  a  translucent  material  made  of  linseed 
oil,  is  also  used  for  glazing  in  industrial  buildings.  Translucent  fabric  will  be  charred  by  a  live 
coal  but  is  practically  fire-proof.  It  shuts  off  part  of  the  light,  making  it  possible  for  men  to  work 
under  it  without  shading. 


^^^4  LagScrewy 
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Data  for  Continuous  Pivoted  and  Fixed  Sash  in  Monitors. 
American  Bridge  Company. 


The  amount  of  glazed  surface  required  in  mill  buildings  depends  upon  the  use  to  which  the 
building  is  put,  the  material  used  in  glazing,  the  location  and  the  angle  of  the  windows  and  sky 
lights,  and  the  clearness  of  the  atmosphere.  It  is  common  to  specify  that  not  less  than  lo  per 
cent  of  the  exterior  surface  of  mill  buildings  and  25  per  cent  of  the  exterior  surface  of  machine 


shops  should  be  glazed, 
walls  of  glass. 


Many  industrial  plants  have  as  much  as  60  per  cent 
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Fig.  33.    Data  for  Continuous  Fixed  Sash. 
American  Bridge  Company. 
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Details  of  glazed  sash  and  window  frames  as  adopted  by  the  American  Bridge  Company 
are  given  in  Fig.  27  to  Fig.  34. 

VENTILATORS. — Mill  buildings  may  be  ventilated  by  means  of  monitor  ventilators,  or  by 
means  of  circular  ventilators.  I>etails  of  a  circular  ventilator  as  designed  by  the  American  Bridge 
Company  are  shown  in  (3)  Fig.  23.  I>etails  of  a  standard  monitor  steel  louvre  ventilator  are 
shown  in  Fig.  35.  The  sides  of  the  monitor  ventilator  in  Fig.  42  were  fitted  with  louvres  which 
were  to  be  closed  in  cold  weather.  Buildings  of  this  type  should  have  glazed  sash  so  that  when 
•the  ventilators  are  closed  the  light  will  not  be  cut  off.  Data  for  estimating  louvre  slats  are  given 
in  Fig.  20. 
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Fig.  34.    Data  for  Continuous  Sliding  Sash. 
American  Bridge  Company. 

WOODEN  DOORS. — ^Wooden  doors  are  usually  constructed  of  matched  pine  sheathing 
nailed  to  a  wooden  frame  as  shown  in  Fig.  36.  These  doors  are  made  of  white  pine.  Doors  up 
to  four  feet  in  width  should  be  swung  on  hinges;  wider  doors  should  be  made  to  slide  on  an  over- 
head track  or  should  be  counter-balanced  and  raise  vertically.  Sliding  doors  should  be  at  least 
4  in.  wider  and  2  in.  higher  than  the  clear  opening. 
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'77e  Bar 


SiCT/ONAA 


Fig.  35. 
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f'd/ameter  ^/^/ong  roundhead  stove  ko/ts* 

Details  of  a  Steel  Monitor  Louvre  Ventilator, 
American  Bridge  Company. 


"  Sandwich  "  doors  are  made  by  covering  a  wooden  frame  with  flat  or  corrugated  steel. 
The  wooden  framework  of  these  doors  is  commonly  made  of  two  or  more  thicknesses  of  {  in. 
dressed  and  matched  white  pine  sheathing  not  over  4  in.  wide,  laid  diagonally  and  nailed  with 
clinch  nails.  Care  must  be  used  in  handling  sandwich  doors  made  as  above  or  they  will  warp 
out  of  shape.  Corrugated  steel  with  i}  in.  corrugations  makes  the  neatest  covering  for  sandwich 
doors. 

For  swing  doors  use  hinges  about  as  follows:  For  doors  3  ft.  X  6  ft.  or  less  use  10  in.  strap  or 
10  in.  T-hinges;  for  doors  3  ft.  X  6  ft.  to  3  ft.  X  8  ft.  use  16  in.  strap  or  16  in.  T-hinges;  for  doors 
3  ft.  X  8  ft.  to  4  ft.  X  10  ft.  use  24  in.  strap  hinges. 

STEEL  DOORS. — Details  of  a  steel  sliding  door  are  shown  in  Fig.  37.  Details  of  a  swing- 
ing steel  door  arc  shown  in  Fig.  38.  Steel  doors  should  be  covered  with  corrugated  steel,  prefer- 
ably with  i\  in.  corrugations. 

Details  of  the  track  for  a  sliding  door  are  shown  in  Fig.  39. 

EXAMPLES  OF  STEEL  lOLL  BUILDINGS.— The  following  examples  will  illustrate  the 
practice  in  the  design  of  steel  mill  buildings. 

Eiample  of  Ketchum's  Modified  Saw  Tooth  Roof.— The  modified  form  of  saw  tooth 
roof  shown  In  (n)  Fig.  6,  was  proposed  by  the  author  in  the  first  edition  of  "  The  Design 
of  Steel  Mill  Buildings  "  (1903)'  This  form  of  saw  tooth  roof  has  been  used  in  the  paint 
shops  of  the  Plank  Road  Shops  of  the  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J, 
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Fig.  36.    Details  of  Wooden  Doors.    American  Bridge  Company. 
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The  building  proper  is  135  ft.  wide  by  354  ft.  long.  The  main  trusses  are  of  the  modified  saw 
tooth  type  with  44  ft.  spans  and  a  pse  of  J,  and  are  spaced  16  ft.  centers.  The  general  details  of 
one  of  the  main  trusses  are  shown  in  Fig.  40.    The  building  has  an  independent  steel  framing  with 
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Fig.  37.    Details  op  a  Sliding  Steel  Door.    American  Bridge  Company. 


brick  curtain  walls  on  the  exterior.  Pilasters  24  in.  by  20  in.  are  placed  16  ft.  apart  under  the  ends 
of  the  trusses,  the  intermediate  curtain  walls  being  12  in.  thick.  The  roof  is  a  5  ply  slag  roof  laid 
on  tongued  and  grooved  spruce  sheathing,  which  is  spiked  to  2  in.  X  5  in.  spiking  strips,  which  are 
bolted  to  8  in.  channel  purlins  spaced  6  ft.  centers. 
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Fig.  40.    Modified  Saw  Tooth  Roof.  Paint  Shop,  Public  Service  Corporatiok 
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A  Steel  Transformer  Building. — ^The  framework  of  a  steel  frame  transformer  building  is  shown 
in  Fig.  41  and  Fig.  42.  The  trusses  are  Fink  trusses  with  the  members  made  of  angles  placed 
back  to  back.    The  main  columns  carrying  the  roof  trusses  are  made  of  four  angles  laced,  the 
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K ^'5'« . , 


3/^Ac/NS  JN  FuNB  OF  Bottom  Choj^o  BftAcme  w  Plane  of  Top  Cmoi^d 
Fig.  41.    Plans  of  a  Transformer  Building. 

section  being  I-shaped,  each  flange  being  compoeed  of  two  angles  placed  back  to  back  with  the 
long  1^;b  outstanding,  and  the  web  consisting  of  lacing.    The  columns  in  the  end  of  the  building 
are  made  of  9  in.  I-beams.    The  main  purlins  are  made  of  5  in.  channels  ^  6}  lb.,  while  the  girts 
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Fir^  42.    Plans  of  a  Transformer  lUiimNO. 

ar»-  A  i'  '^~*T.T^  I*  ^  5I  lb.  The  pur!:ns  are  spaced  less  than  4  ft,  g  in..  \^hU  h  ij^  a  ma\imum  spao 
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Fig.  43.    Corrugated  Steel  Plans  for  Transformer  Building. 

Corrugated  Steel  Covering, — ^The  plans  for  the  corrugated  steel  covering  on  the  roof  and  sides 
are  shown  in  Fig.  43  and  Fig.  44.  The  corrugated  steel  for  the  roof  is  No.  22  gage  steel  with  2} 
in.  corrugations,  while  the  corrugated  steel  for  the  sides  is  No.  24  gage  steel  with  2^  in.  corrugations. 
The  flashing  and  ridge  roll  are  made  of  No.  22  flat  sheet  steel. 
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Fig.  42.    Plans  of  a  Transformer  Building. 

are  4  in.  channels  @  5i  lb.  The  purlins  are  spaced  less  than  4  ft.  9  in.,  which  is  a  maximum  spac- 
ing where  corrugated  stt-el  roofing  is  used  without  sheathing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  the  building  by  means  of  diagonal  rods  J  in. 
in  diameter.  The  crane  girder  beams  in  the  plane  of  the  lower  chord  brace  the  building  longi- 
tudinally, the  diagonal  bracing  being  composed  of  angles. 
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Fig.  43.    Corrugated  Steel  Plans  for  Transformer  Building. 

Corrugaled  Steel  Covering. — ^The  plans  for  the  comigated  steel  covering  on  the  roof  and  sides 
are  shown  in  Fig.  43  and  Fig.  44.  The  comigated  steel  for  the  roof  is  No.  22  gage  steel  with  2  J 
in.  corrugations,  while  the  comigated  steel  for  the  sides  is  No.  24  gage  steel  with  2|  in.  corrugations. 
The  flashing  and  ridge  roll  are  made  of  No.  22  flat  sheet  steel. 
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Fig.  42.    Plans  of  a  Transformer  Building. 

are  4  in.  channels  @  5i  lb.  The  purlins  are  spaced  less  than  4  ft.  9  in.,  which  is  a  maximum  spac- 
ing where  corrugated  steel  roofing  is  used  without  sheathing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  the  building  by  means  of  diagonal  rods  {  in. 
in  diameter.  The  crane  girder  beams  in  the  plane  of  the  lower  chord  brace  the  building  longi- 
tudinally, the  diagonal  bracing  being  composed  of  angles. 
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Corrugated  Steel  Plans  for  Transformer  Building. 


Corrugated  Sled  Covering. — The  plans  for  the  corrugated  steel  covering  on  the  roof  and  ades 
are  shown  in  Fig.  43  and  Fig.  44.  The  corrugated  steel  for  the  roof  is  No.  22  gage  steel  with  2} 
in.  corrugations,  while  the  corrugated  steel  for  the  sides  is  No.  24  gage  steel  with  2}  in.  corrugations. 
The  flashing  and  ridge  roll  are  made  of  No.  22  flat  sheet  steel. 
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Fig.  44.    CoRSUGATED  Steel  List  and  Details  for  Transformer  Building. 
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To  prevent  the  condensation  of  moisture  on  the  inside  of  the  steel  roof  and  the  resulting 
dripping,  anti-condensation  lining  was  used,  as  is  shown  in  Fig.  44.  This  lining  was  constructed  as 
follows:  Galvanized  wire  poultry  netting  was  fastened  to  one  eave  purlin,  was  passed  over  the  ridge, 
stretched  tight  and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  were  woven  together 
by  means  of  wire  clips.  On  the  wire  netting  was  laid  two  layers  of  asbestos  paper  -fi  in.  thick, 
and  on  top  of  the  asbestos  was  laid  two  layers  of  tar  paper.  The  corrugated  steel  was  then  laid  on 
top  of  the  roof  in  the  usual  way  and  was  fastened  to  the  purlins  by  means  of  long  soft  iron  wire 
nails  spaced  as  shown  in  Fig.  44.  To  prevent  the  lining  from  sagging  stove  bolts  A  in.  in  diam- 
eter with  I  in.  X  i  in.  X  4  in.  fiat  washers  on  the  lower  side  were  placed  between  the  purlins. 
The  author  would  recommend  that  the  purlins  be  spaced  not  to  exceed  2  ft.  6  in.  and  the  stove 
bolts  omitted. 


Fig.  45.    Steel  Frame  Building  with  Plaster  Walls. 


Sted  Frame  Bnildiiig  with  Plaster  Walls. — ^The  steel  frame  building  shown  in  Fig.  45  was 
covered  with  expanded  metal  and  plaster  walls  and  roof  construoted  as  follows:  The  side  walls 
were  made  by  fastening  i  in.  channels  at  12  in.  centers  to  the  steel  framework  and  then  covering 
this  framework  with  expanded  metal  wired  on.  The  expanded  metal  was  then  covered  on  the 
outside  with  a  coating  of  cement  mortar  composed  of  one  part  Portland  cement  and  two  parts 
sand,  and  on  the  inside  with  a  gypsum  plaster,  making  the  walls  about  2  in.  thick.  The  roof  con- 
sists of  a  2}  in.  concrete  slab  reinforced  with  expanded  metal,  this  slab  being  covered  with  10  in.  X 
12  in.  slate  nailed  directly  to  the  concrete. 

Steam  Engineeiing  Buildiiig. — Details  of  a  transverse  bent  of  the  steam  engineering  building 
at  the  Brooklyn  Navy  Yard  are  given  in  Fig.  46. 

The  main  colunms  are  spaced  48  ft.  centers  while  the  main  trusses  are  spaced  16  ft.  centers. 
The  intermediate  trusses  are  carried  on  heavy  trusses  rigidly  fastened  to  the  main  columns.  The 
crane  girders  are  carried  on  crane  columns  that  are  fastened  to  the  main  columns  by  light  lacing. 
This  method  of  supporting  heavy  crane  girders  is  the  most  satisfactory  method  yet  proposed. 
The  building  Js  well  lighted  with  glass  in  the  side  walls,  and  sky  lights  in  the  roof.  More  than  60 
per  cent  of  tlie  area  of  the  external  walls  and  rooi  is  glased.  Many  other  interesting  details  can 
be  obtained  from  the  drawings. 
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Fia  46.    Stbam  Enginsbrimg  Buiuiing,  Bbooklyn  Navy  Yard. 
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Fig.  47.    Types  of  Steel  Windows. 
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Fia  46.    Stbam  ENciNSBftiNG  Building,  Brooklyn  Navy  Yard. 
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Fig.  47.    Types  of  Steel  Windows. 


54b 


STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS. 


Chap.  I. 


STEEL  WINDOWS. — Windows  with  steel  sash  and  steel  frames  are  now  used  in  fireproof 
buildings  and  are  generally  used  in  all  industrial  buildings.  The  windows  are  generally  glazed 
with  wire  glass  }  in.  thick.  Window  sash  may  be  fixed,  or  may  be  opened  by  swinging,  or  by  sliding 
horizontally  or  vertically. 
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Fig.  48.    Standard  Details  for  Steel  Sash. 

In  Fig.  47,  (a)  to  (g)  inclusive,  are  windows  with  fixed  sash  with  ventilators  in  different  posi- 
tions; (h)  is  a  window  with  horizontal  sliding  sash;  (i)  is  a  window  with  a  sash  which  swings  out- 
ward; G)  is  a  window  with  counterbalanced  sash ;  (k)  is  a  window  with  a  fixed  sash  and  a  swinging 
ventilator;  (I)  is  a  window  with  a  swinging  sash;  while  (m)  is  a  window  with  swinging  sash  with 
weather  strips  to  prevent  the  storm  from  beating  into  the  building. 

Steel  sash  are  made  by  many  different  firms.  While  the  main  dimensions  of  the  windows 
made  by  the  different  firms  are  practically  standard,  each  firm  uses  different  rolled-steel  sections, 
different  details  and  different  operating  devices. 

Standard  dimensions  for  steel  sash  are  given  in  Fig.  48.  It  should  be  noted  that  more  steel 
is  used  with  small  sizes  of  glass  than  with  large  sizes,  and  that  sash  with  small  sizes  of  glass  are 
therefore  stronger  than  sash  with  large  sizes.  The  maximum  sizes  of  sash  given  in  Fig.  48  are  for 
glass  14  in.  by  20  in.  For  glass  10  in.  by  16  in.  the  maximum  sizes  may  be  increased  15  per  cent; 
while  for  glass  18  in.  by  24  in.  the  maximum  sizes  should  be  reduced  by  15  per  cent,  and  propor- 
tbnal  for  intermediate  sizes  of  glass.  The  glass  are  fastened  with  clips  and  are  glazed  with  special 
putty,  on  the  inside  of  the  sash. 
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Details  of  window  sash  as  taken  from  the  catalogs  of  the  "  Fenestra  "  windows,  made  by  the 
Detroit  Steel  Products  Company,  Detroit,  Mich.;  the  **  Lupton  "  windows,  made  by  the  David 
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Fig.  53.    Details  of  Steel  Sash. 
(  (0  is  "Lupton,"  (g)  is  "  United  Steel  Sash,"  and  (h)  is  "Fenestra  ' 


Lupton  Son  Gnnpany,  Philadelphia,  and  United  Steel  Sash  "  made  by  the  Trussed  Concrete 
Steel  Co.,  Youngstown,  Ohio,  are  shown  in  Fig.  49  to  Fig.  52.  While  each  company  uses  different 
rolled  sections  the  details  are  essentially  the  same  and  may  be  used  interchangeably  as  far  as  the 
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designing  engineer  is  concerned.  Details  of  counterbalanced  sash,  are  shown  in  (a)  to  (c)  and 
details  of  a  horizontal  sliding  sash  are  shown  in  (d)  and  (e),  Fig.  53.  The  details  of  the  sections 
used  by  the  different  firms  may  be  determined  by  observing  that  in  Fig.  53  (f)  is  "  Lupton  "  (g) 
is  "  United  Steel  Sash/'  and  (h)  is  "Fenestra."     Details  of  construction, and  details  of  operating 
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Fig.  54.     Details  of  "United  Steel  Sash"  Ventilators  and  Skylights. 


devices  and  hardware  can  be  obtained  from  the  various  catalogs.  Details  of  "  United  Steel  Sash  ** 
monitor  ventilators  and  skylights  are  shown  in  Fig.  54.  Details  of  "  Lupton  "  monitor  ventilators 
and  skylights  are  shown  in  Fig.  55.  The  details  shown  in  Fig.  54  and  Fig.  55  are  very  complete. 
For  address  of  other  companies  manufacturing  steel  windows,  see  Sweet's  "Architectural  Catalog'* 
published  by  Sweet's  Catalog  Service,  New  York. 

STEEL  DOORS. — ^Steel  doors  built  up  out  of  special  steel  sections  are  made  by  several  firms. 
Details  of  "Lupton"  tubular  steel  doors  manufactured  by  David  Lupton  Sons  Company, 
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Philadelphia,  Pa.,  are  shown  in  Fig.  56.  These  doors  are  hinged  to  swing  one  way  or  slide  horizon- 
tally. The  lower  part  of  the  door  is  filled  with  No.  12  gage  steel,  while  the  upper  part  is  commonly 
filled  with  wire  glass  set  in  steel  sash  and  steel  frames.  "Lupton"  doors  have  the  frames  welded. 
Details  of  "Fenestra"  tubular  steel  doors  made  by  the  Petroit  Steel  Products  Company, 
I>etroit,  Mich.,  are  shown  in  Fig.  57.     The  doors  are  hinged  to  swing  one  way,  or  slide  horizontally. 
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Fig.  55.    Details  of  "Lupton"  Steel  Monitor  Ventilators  and  Skylights. 


Special  tubular  sliding  doors  can  be  made  10  ft.  wide  and  25  ft.  high,  or  with  double  doors  for  an 
opening  20  ft.  wide  and  25  ft.  high.  **  Fenestra  "  doors  have  the  frames  riveted.  Steel  doors  are 
also  made  by  the  Trussed  Steel  Concrete  Company. 

Diagrammatic  sketches  of  several  types  of  doors  are  shown  in  Fig.  58.  These  sketches  repre- 
sent different  types  of  doors  shown  in  the  catalog  of  J.  Edward  Ogden  Co.,  New  York,  N.  Y.  This 
company  is  prepared  to  furnish  door  hardware  and  mechanical  parts  of  the  doors  shown,  or  will 
supply  the  doors  complete.    The  following  data  have  been  taken  from  the  Ogden  catalog. 
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Fig.  56.    Details  of  "Lupton"  Tubular  Steel  Doors. 
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Fig.  57.    Details  of  "Fenestra"  Tubular  Steel  Doors. 
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Fig.  56.    Diacsamma: 


.TIC  Skbtches  of  Dooks.    Compiled  prom  Cataix>g  of  J.  Edward  Ogden 
Company. 
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Two-section  Doors, — Doors  may  be  made  of  wood  frame  with  a  sheet-steel  covering,  or  with  a 
steel  frame  with  a  sheet-steel  covenng;  the  upper  section  may  be  glazed  with  J  in.  wire  glass  set  in 
metal  frames.  Details  of  doors  20  ft.  wide  and  22  ft.  high  are  shown  as  constructed  with  wood 
frames,  and  also  with  steel  frames.  Counterweights  are  commonly  made  equal  to  one-half  the 
total  weight  of  the  door. 
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Fig.  59.    Data  for  "Bonanza"  Cement  Tile. 


SingU'Section  Doors. — Doors  may  be  made  with  wood  frames  or  with  steel  frames.     Details 
of  a  door  27  ft.  9  in.  wide  and  19  ft.  6  in  high  are  shown. 
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Multi-Section  Door. — This  doo'^  is  especially  adapted  for  locations  where  there  is  little  ceiling 
space.  Doors  may  be  made  with  wood  frames  or  with  steel  frames.  I>etails  of  doors  i8  ft.  3  in. 
wide  and  22  ft.  2  in.  high  are  shown. 
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Fig.  60.    Data  for  Federal  Cement  Tile. 

Turn-Over  Door. — ^This  door  is  used  for  small  openings.  There  is  no  operating  winch,  the  door 
being  operated  by  hand. 

Canopy  Door, — ^This  door  protects  the  entrance  when  open.  The  minimum  headroom  above 
the  door  is  16  inches.     This  is  a  modification  of  the  single-section  door. 
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Fig.  6i.    Data  for  Federal  Cement  Tile  (upper  part),  and  Data  for  Pyrobar  Gypsl^ 

Tile  (lower  part). 


Single-Leaf  Vertical'Sliding  Door, — ^Thesc  doors  require  adequate  headroom.  Details  of  a 
door  8  ft.  wide  and  8  ft.  high  are  shown.  These  doors  are  often  placed  in  pairs,  where  one  counter- 
weight and  one  winch  will  serve  for  both  doors. 

Double-Leaf  Vertical-Sliding  Doors, — ^The  two  sections  of  these  doors  arc  equipped  with  sep- 
arate guides  and  are  operated  separately.     Details  of  a  door  20  ft.  wide  and  18  ft.  high  are  shown. 

Crane  Runway  Doors. — ^These  doors  may  swing  inward  or  outward.    The  doors  may  be 
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operated  by  the  crane  ope&tor  or  from  the  floor.  Additional  doors  should  be  provided  for  the 
load,  and  for  the  crane  cage  where  necessary.  Folding  and  sliding  doors  are  also  made  by  the 
Kinnear  Manufacturing  Company,  Columbus,  Ohio. 

Rolling  Steel  Doors. — Rolling  steel  doors  are  made  by  several  firms.  The  J.  G.  Wilson 
Corporation,  New  York,  manufactures  rolling  steel  doors  that  may  be  operated  by  hand  with 
widths  of  3  ft.  to  6  ft.  and  heights  of  6  ft.  to  14  ft.;  widths  of  6  ft.  to  10  ft.  and  heights  of  13  ft. 
to  17  ft.;  widths  of  10  ft.  to  15  ft.,  and  heights  of  13  ft.  to  15  ft.  Doors  operated  by  gear  have 
heights  up  to  21  ft.  and  widths  up  to  20  ft.  The  Kinnear  Manufacturing  Co.,  Columbus,  Ohio, 
manufactures  rolling  steel  doors  with  widths  of  3  ft.  to  20  ft.,  and  heights  of  6  ft.  to  18  ft.  For 
additional  details  and  the  names  and  addresses  of  other  manufacturers  of  steel  doors,  see  Sweet's 
Architectural  Catalog,  pubHshed  by  Sweet's  Catalog  Service,  New  York,  N.  Y. 

CEMENT  ROOFING  TILE.— Cement  tile  are  made  of  Portland  cement  and  clean,  sharp 
sand  and  are  reinforced  with  steel  rods. 

Data  for  "Bonanza"  cement  tile,  manufactured  by  the  American  Cement  Tile  Mfg.  Co., 
Pittsburgh,  Pa.,  are  given  in  Fig.  59.  The  exposed  surface  of  the  tile  is  Indian  red  in  color,  while 
the  underside  has  a  cement  finish.  The  least  desirable  slope  of  roof  is  a  pitch  of  one-fifth.  Data 
for  Federal  Cement  tile,  manufactured  by  the  Federal  Cement  Tile  Co.,  Chicago,  III.,  are  given  in 
Fig.  60,  and  in  the,  upper  part  of  Fig.  61.  Cement  roofing  tile  have  been  very  extensively  used  for 
industrial  plants.  The  cement  tile  have  the  following  advantages:  (a)  are  fire  resisting;  (b) 
require  very  simple  roof  construction;  (cj  require  no  sheathing;  (d)  are  non-conductors,  (e)  may 
be  erected  rapidly;  (f)  the  first  cost  is  low  for  a  permanent  type  of  roof;  (g)  maintenance  is  low. 

Gypsum  Roofing  Tile. — Gypsum  roofing  tile  made  by  the  United  States  Gypsum 
Company,  Chicago,  are  sold  under  the  trade  name  of  Pyrobar  Gypsum  Roof  Tile.  The  tile 
are  12  in.  wide  and  30  in.  long,  and  weigh  13  lb.  per  sq.  ft.  Data  taken  from  the  catalog  for  rafters 
and  purlins  for  Pyrobar  Gypsum  Roof  Tile  are  given  in  the  lower  part  of  Fig.  61.  Gypsum  roof 
tile  have  recently  been  used  on  buildings  for  the  Navy  Department  at  Norfolk,  Va.  The  follow- 
ing advantages  of  gypsum  roof  slabs  were  given  by  L.  M.  Cox,  U.  S.  N.,  Engineering  News,  Jan. 
25,  191 7.  (a)  Light  weight;  (b)  rapid  construction;  (c)  roof  slab  is  non-conductor  and  non-con- 
densing; (d)  is  fire  resisting;  (e)  shows  few  cracks;  (f)  low  cost  of  maintenance.  Gypsum  roofing 
tile  are  made  by  several  firms,  and  are  also  made  at  the  building  site. 

STRESSES  IN  HILL  BUILDING  COLUMNS  CARRYING  CRANE  LOADS.-~The  stresses 
produced  in  columns  of  mill  buildings  by  crane  loads  eccentrically  applied  depend  upon  the  method 
used  in  bracing  the  structure  against  lateral  forces.  If  the  kneebraces  are  omitted  or  only  very 
small  kneebraces  are  used,  the  columns  are  practically  hinged  at  the  top  and  the  lateral  thrust  due 
to  the  eccentric  crane  loads  must  be  carried  to  the  ends  of  the  building  by  the  lateral  bracing  in  the 
planes  of  the  chords  of  the  trusses.     Proper  bracing  must  then  be  provided  in  the  end  bents. 

If  rigid  kneebraces  are  provided  the  columns  may  be  considered  as  fixed  at  the  top  and  a 
transverse  bent  may  be  considered  as  carrying  its  load  directly  to  the  foundations.  The  lateral 
load  will  in  reality  be  distributed  between  the  direct  path  down  the  columns  and  the  indirect  path 
along  the  lateral  bracing  in  the  planes  of  the  chords  to  the  end  bents.  The  portion  carried  by  each 
route  will  depend  upon  the  relative  rigidity  of  the  routes.  Since  the  transverse  bent  is  much  more 
rigid  than  the  lateral  bracing,  all  of  the  load  may  be  considered  as  carried  by  the  transverse  bent. 

In  Fig.  62  three  cases  are  considered. 

Case  L  Columns  Bhiged  at  Base  and  Top. — This  case  is  statically  determinate.  The 
lateral  thrust  is  taken  by  the  bracing  in  the  plane  of  the  chords  and  by  the  bracing  in  the  end  bents. 

Case  n.  Columns  Hinged  at  Base  and  Fixed  at  Top. — Columns  with  constant  cross-section. — 
The  formulas  for  rigid  frames  were  used,  making  the  ratio  of  the  moment  of  inertia  of  the  truss  to 
the  moment  of  inertia  of  the  column  equal  to  infinity.  The  formula  is  sufficiently  accurate  when 
this  ratio  becomes  as  small  as  four,  and  is  on  the  safe  side.  The  distance  k  is  measured  to  a  point 
one-half  way  between  the  foot  of  the  knee-brace  and  the  top  of  the  column. 

Case  HL  Columns  Hinged  at  the  Base  and  Fixed  at  Top.  Columns  with  variable  cross- 
sections. — In  this  case  the  column  has  a  different  cross-section  above  and  below  the  attachment 
of  the  crane  girder.    The  formulas  for  rigid  frames  were  used,  making  the  ratio  of  the  moment  of 
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inertia  of  the  truss  to  the  moment  of  inertia  of  the  column  equal  to  infinity.    The  formula  ia 
sufficiently  accurate  with  a  ratio  of  four  and  is  on  the  safe  side. 

Case  IV.  Columns  Fixed  at  Base  and  Fixed  at  Top. — Formulas  for  Case  II  and  Case  III 
may  be  used,  the  value  of  h  being  taken  as  the  distance  from  the  point  of  contraflexure  to  a  point 
midway  between  the  foot  of  the  kneebrace  and  the  top  of  the  column.  The  point  of  contraflexure 
may  be  calculated  by  formula  (4),  page  556. 

Stresses  in  Rigid  Frames. — Formulas  for  stresses  in  rigid  frames  with  pin-connected 
columns,  for  different  loadings  are  given  in  Fig.  63.  Formulas  for  the  general  case  are  given 
in  the  second  column,  while  formulas  for  special  cases  are  given  in  the  third  column.  The 
formulas  are  very  much  simplified  where  the  columns  and  the  top  girder  have  the  same  moment 
of  inertia. 
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Fig.  62.    Stresses  in  Mill  Building  Columns  Caseying  Crane  Loads. 
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Standa&d  Lag  Screws,  Hook  Bqlts  and  Washers. 
American  Bridge  Company. 


La6  Screws 


Length 


& 


^~~smssmsss^ 


A 


Dimrreter 


ofScrm^Flkdi 


I 

i 
i 
i 

I 

/ 

/i 


Mff7' 


Length  Length 


li 
fi 
/i 
z 
z 

2i 
3 
5i 
5 
6 
8 


Max- 


Ho-Thtai 
perinch 


6' 

6 

8 
10 
12 
12 
12 
12 
12 
12 
12 
12 


5 
4 
3 


taig/di  oF Lag 
ScretrSHead 


Length 


2 

2i 

3 

4 

4i 

5 

H 

6 

7 

8 

9 

/O 

II 

12 


Length 


/' 
'f, 

'I 

2i 

2i 

H 
5 


4i 
5 
5 
5 


Heads  an  Uie  same  as  Hr square  head  bolts- 
Threaded  portion  is  not  tapardex^atpciat 


Beam  Clamp 
t  Cored llok 


-*«.N?!_J 

!  B 
c  •* — ■" 


^i 


Sae  yJimensionsoFClanp  W^t 
in  lbs 


Til 


^D  y£E\ 


18' 

IS 

12 


9&l0li 
7S8li 
5SSli 


B 


r 

i 

i 

i 

4 
I 

s 
i 


SI 


Ih 
fi 

I 


0-4 
04 
04 
04 
0-4 
0-5 


Ogee  Washois 


%.. 


^1  ^i"*4f: 

5'  I         » 


e<. 


*     xecess  fir  nail  lode-     ^  hi- 


5izt 
Bolt 


Ounensians  of  Washer 


A    B    C   D 


r  tv 


li 


4 


E  R    r 


£•  A' 

t    " 

i 
i 


might 
inPounds 


0-4 
07 
1-0 


SKEWBACK  WASHEIfS 


i'-^%Sr£ 


it»)- 


Used 
With 


Pimensions  of  Washers 


M 


2r 


iy 


N 


4' 
4i 


IF 

2 
2k 


ir 


2r 


r 

/ 


/ 
/ 


3r 

3f 


4r 

4% 


Weight 
hfPounds 


f'2 
1-8 
25 


2-7 
5-0 
5-9 


Moofc  Boars,  f'orf'Sfuare^ 


5^L;  an  other  (SntensMOs  are  standan^ 
Unless  othenmespedMj^^wfll 
be  made  ^^»  Hex*  nats  furnished • 


CAsT//m  Cup  Washers  st 


54 


GENERAL   SPECIFICATIONS   FOR   STEEL   FRAME   BUILDINGS.* 

BY 

MILO  S.   KETCHUM, 
M.  Am.  Soc.  C.  E. 

THIRD  EDITION. 

I9I4. 

GENERAL    DESCRIPTION. 

1.  Hei|^  of  Bnildnic.— The  height  of  the  building  shall  be  the  distance  from  the  top  of  the 
masonry  to  the  under  side  of  the  bottom  chord  of  the  truss. 

2.  DtmensloiiB  of  Bnilding. — ^The  width  and  length  of  the  building  shall  be  the  extreme  dis» 
tanoe  out  to  out  of  framingor  sheathing. 

3.  Leogtli  of  Span. — ^The  length  at  trusses  and  girders  in  calculating  stresses  shall  be  con- 
sidered as  the  distaiice  from  center  to  center  of  end  bearix^  when  supported,  and  from  end  to' 
end  when  fastened  between  columns  by  connection  angles. 

^  Pitch  of  Roof.— The  pitch  of  roof  for  corrugated  steel  shall  preferably  be  not  less  than 
}  (6  m.  in  12  in.),  and  in  no  case  less  than  }.  For  a  pitch  less  than  i  some  other  covering  than 
corrugated  steel  shall  be  used. 

5.  Spadng  of  Tmases.— Trusses  shall  be  ^»oed  so  that  ample  shapes  may  be  used  for 
fnirlins.  The  spacing  should  be  about  16  ft.  for  mans  of,  say,  50  ft.  and  about  20  to  2a  ft.  for 
^nns  of,  say,  loo  ft.  For  longer  spans  than  100  ft.  the  purlms  may  be  trussed  aod  the  spacing 
may  be  increased. 

6.  Sparing  of  PuliML — ^Purtins  shall  be  spaced  not  to  ezoeed  4  ft.  9  in.  vdiere  oomigated 
sted  is  used,  and  sfaaJl  be  pboed  at  panel  points  of  the  trusses. 

7.  Fonn  of  Tmaaes. — ^Tlie  trusses  shall  pneferably  be  of  the  Fink  type  with  panels  so  sub- 
ciividBd  that  panel  points  wiSi  come  under  the  purlins.  If  it  is  not  practicable  to  place  the  purlins 
at  panel  points,  the  upper  chords  of  the  trusses  shall  be  designed  to  take  both  the  iiexural  aod 
direct  stresses.    Trasses  diaB  preferably  be  riveted  trusses. 

Trusses  siqsported  on  masonry  wafis  dball  have  one  end  supported  on  dSdiju;  plates  for  spans 
up  to  70  ft.,  for  grater  lengtiis  of  spaa  rollers  or  a  rocker  shall  be  used.  No  r<Akn  wtth  a 
diameter  less  than  3  in.  shall  be  used. 

AH  field  connections  at  the  steel  framework  diaU  be  riveted  ezoept  the  connections  for  purlins 
and  girts,  which  may  be  field  botod. 

&  Hrartng. — ^Bracing  in  the  i^aae  of  the  lower  chords  shall  be  stiff;  bracing  in  the  i^anes  of 
the  top  cdiords,  t^  sides  and  tlie  eiads  ma^  be  made  adjustable. 

9.  Prapoaals  CortxactorB  in  submitting  proposals  dball  fumisli  complete  stress  sheets, 
general  pbuiB  of  t^  proposed  structures  giving  eiaes  of  material,  and  such  detail  plans  as  will 
deaxiy  ^ow  the  dimenmons  of  tlie  parts,  modes  of  constmctioQ  and  sectional  aieas. 

10.  Detail  PInns. — The  sucoestftd  contractor  shall  fumidb  all  working  drawings  required  by 
the  engineer  free  of  cost.  Working  drawings  wiQl,  as  iar  as  possible,  be  made  on  fltan<itefd  aice 
deets  24  in.  X  36  in.  out  to  out,  22  in.  X  $4  mu  inade  tlie  inner  border  lines. 

1 1.  Affnfwai  of  PInns. — ^No  work  diaH  be  cammenoed  or  materials  ordered  tmdl  the  working 
drawings  are  approved  in  writing  by  the  engineer.  The  contractor  diall  be  responatbk  for  dimen- 
sions  and  devils  on  the  working:  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
aot  reheve  the  contractor  of  this  responttbilxty. 

Loads. 

12.  The  trusses  shall  be  designed  to  carry  the  foBowiitf  loads: 

15.  HEAD  LOADB.  Wnt^  of  Tmssefi. — ^The  wei^^  of  trusses  per  sq.  ft.  of  horizontal 
projectkm,  up  to  150  it.  span  shall  be  calculated  by  the  formula 


'-^i'^Th) 


whcMe  W  »  wogfat  frf  trusses  per  sq.  ft.  of  hariaontal  prcpection; 

F  «  capacity  of  truss  in  pounds  per  sq.  ft.  of  faonsontal  projecdon; 

L  »  span  tA  the  truss  in  feet; 

A  ^  distance  between  truasec  in  feet. 

^Reprimed  from  the  author's  "  The  Design  of  Steel  Mill  Buil^ngs.*' 
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14.  Weight  of  Coyering.  Corrugated  SteeL — ^The  weight  of  corrugated  steel  shall  be  taken 
from  Table  I. 

When  two  corrugations  side  lap  and  six  in.  end  lap  are  used,  add  25  per  cent  to  the  above 
weights;  when  one  corrugation  side  lap  and  four  in.  end  lap  are  used,  add  15  per  cent  to  the  above 
weights  to  obtain  weight  of  corrugated  steel  laid.  For  paint  add  2  lb.  per  square.  The  weight 
of  covering  shall  be  r^uced  to  weight  per  sq.  ft.  of  horizontal  projection  before  combining  with 
the  weight  of  trusses. 

15.  ^te. — ^Slate  laid  with  3  in.  lap  shall  be  taken  at  a  weight  of  fi  lb.  per  sq.  ft.  of  inclined 
roof  surface  for  ^  in.  slate  6  in.  X  12  m.,  and  6}  lb.  per  sq.  ft.  of  inchned  roof  surface  for  ^  in. 
slate  12  in.  X  ^4  ii^-*  ^nd  proportionately  for  other  sizes. 

16.  Tile. — ^Terra-cotta  tile  roofing  weighs  about  6  lb.  per  sq.  ft.  for  tile  i  in.  thick;  the  actual 
weight  of  tile  and  other  roof  coverings  not  named  shall  be  used. 

17.  Sheathing  and  Puriins. — Sheathing  of  dry  pine  lumber  shall  be  assumed  to  weigh  3  lb. 
per  ft.  and  dry  oak  purlins  4  lb.  per  ft.  board  measure. 

18.  Miscellaneous  Loads. — ^The  exact  weight  of  sheathing,  purlins,  bracing,  ventilators, 
cranes,  etc.,  shall  be  calculated. 

19.  SNOW  LOADS. — ^Snow  loads  shall  be  taken  from  the  diagram  in  Fig.  i. 

20.  WIND  LOADS. — ^The  normal  wind  pressure  on  trusses  shall  be  computed  by  Duch- 
emin's  formula.  Fig.  3,  with  P  =  30  lb.  per^sq.  ft.,  except  for  buildings  in  exposed  locations, 
where  P  »  40  lb.  per  sq.  ft.  shall  be  used. 

21.  The  sides  and  ends  of  buildings  shall  be  computed  for  a  normal  wind  load  of  20  lb.  per 
sq.  ft.  of  exposed  surface  for  buildings  30  ft.  and  less  to  the  eaves;  30  lb.  per  sq.  ft.  of  exposed 
surface  for  buildings  60  ft.  to  the  eaves,  and  in  proportion  for  intermediate  heights. 

22.  Mine  Boifdings. — Mine,  smelter  and  other  buildings  exposed  to  the  action  of  corrosive 
gases  shall  have  their  dead  loads  increased  25  per  cent. 

23.  Concentrated  Loads. — Concentrated  loads  and  crane  girders  shall  be  considered  in 
determining  dead  loads. 

24.  Ptulins. — Purlins  shall  be  designed  to  carry  the  actual  weight  of  the  covering,  roofing 
and  purlins,  but  shall  always  be  designed  for  a  normal  load  of  not  less  than  30  lb.  per  sq.  ft. 

25.  Girts.— Oirts  shall  be  designed  for  a  normal  load  of  not  less  than  25  lb.  per  sq.  ft. 

26.  Roof  Coyering. — Roof  covering  shall  be  designed  for  a  normal  load  of  not  less  than  30 
lb.  per  sq.  ft. 

27.  Minimum  Loads. — No  roof  shall,^  however,  be  designed  for  an  equivalent  load  of  less 
than  30  lb.  per  sq.  ft.  of  horizontal  projection. 

28.  Loads  on  Foundations. — ^The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  sq.  ft.: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand ^ 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  sq.  ft. 

29.  Stresses  in  Masonry. — ^The  allowable  stresses  in  masonry  shall  not  exceed  the  following: 

Tom  per  Sq.  Ft.     Lb.  per  Sq.  In, 

Common  brick,  Portland  cement  mortar 12  168 

Hard  burned  brick,  Portland  cement  mortar 15  210 

Rubble  masonry,  Portland  cement  mortar ID  140 

First  class  masonry,  crystalline  sandstone  or  limestone 25  350 

First  class  masonry,  granite 30  420 

Portland  cement  concrete,  1-3-5 20  280 

Portland  cement  concrete,  1-2-4 30  420 

30.  Pressures  on  Masoniy. — ^The  pressure  of  column  bases,  beams,  etc,  on  masonry  shall 
not  exceed  the  following  in  pounds  per  sq.  in. 

Brick  work  with  cement  mortar 250 

Rubble  masonry  with  cement  mortar 250 

Portland  cement  concrete,  1-2-4 500 

First  class  dimension  sandstone  or  limestone 400 

First  class  granite 500 
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31.  Loads  on  Timber  Piles. — ^The  maxunum  load  carried  by  a  pile  shall  not  exceed  40,000 

lb.,  or  600  lb.  per  sq.  in.  of  its  average  cross-section.    The  allowable  load  on  piles  driven  with  a 

2W-h 
drop  hammer  shall  be  determined  by  the  formula  P  «  .    Where  P  —  safe  load  on  pile 

S  "T*  I 

in  tons;  TV  »  weight  of  hammer  in  tons;  h  =  free  fall  of  hammer  in  ft.;  5  —  average  penetration 
for  the  last  six  blows  of  the  hammer  in  in.  Where  a  steam  hammer  is  used,  i^  is  to  be  used  in 
place  of  unity  in  the  denominator  of  the  right  hand  member  of  the  formula. 

Piles  shall  have  a  penetration  of  not  less  than  10  ft.  in  hard  material,  such  as  gravel,  and  not 
less  than  15  ft.  in  loam  or  soft  materiaL 

Proportion  of  Parts. 

32.  Allowable  Stresses. — In  proportioning  the  different  parts  of  the  structure  the  maximum 
stresses  due  to  the  oombinadons  of  the  dead  and  wind  load;  dead  and  snow  load;  or  dead,  minimum 
snow  and  wind  load  are  to  be  provided  for.  Concentrated  loads  where  they  occur  must  be  pro- 
vided for. 

33.  TensHe  Stress.— Allowable  Unit  Tensile  Stresses  for  Structural  Steel.  For  direct  dead, 
snow  and  wind  loads. 

Lb.  per  Sq.  In. 

Shapes,  main  members,  net  section 16,000 

Bars 16,000 

Bottom  flanges  of  rolled  beams 16,000 

Shapes,  laterals,  net  section 20,000 

Iron  rods  for  laterals 20,000 

Plate  girder  webs,  shear  on  net  section 10,000 

Shapes  liable  to  sudden  loading  as  when  used  for  crane  girders 10,000 

Expansion  rollers  per  lineal  inch 600  X  d 

where  d  =  diameter  of  roller  in  inches. 

Laterals  shall  be  denned  for  the  maximum  stresses  due  to  5,000  pounds  initial  tension  and 
the  maximum  stress  due  to  wind. 

34.  CompressiTe  Stress. — ^Allowable  Unit  Compressive  Stress  for  Structural  Steel.  For 
direct  dead,  snow  and  wind  loads 

S  =  16,000  —  70  - 

where  5  =  allowable  unit  stress  in  lb.  per  sq.  in; 

/  «  length  of  member  in  inches  c.  to  c.  of  end  connections; 
r  =  least  radius  of  gyration  of  the  member  in  inches. 

35.  Plate  Girders. — ^Top  flanges  of  plate  girders  shall  have  the  same  gross  area  as  the  tension 
flanges. 

36.  Shear  in  webs  of  plate  girders  shall  not  exceed  10,000  lb.  per  sq.  in.  of  net  section. 

37.  AlteniAte  Stress. — Members  and  connections  subject  to  alternate  stresses  shall  be 
designed  to  take  each  kind  of  stress. 

38.  ComUned  Stress. — Members  subject  to  combined  direct  and  bending  stresses  shall  be 
proportioned  according  to  the  following  formula: 

loE 

where  5  »  stress  in  lb.  per  sq.  in.  in  extreme  fiber; 
P  «  direct  load  in  lb.; 
A  «  area  of  member  in  sg.  in.; 
M  «  bending  moment  in  m-lb.; 

yi  »  distance  from  neutral  axis  to  extreme  fiber  in  Inches; 
/  =  moment  of  inertia  of  member; 

/  «  length  member,  or  distance  from  point  of  zero  moment  to  end  of  member  in  inches; 
E  a  modulus  of  elasticity  =  30,000,000.  lb.  per  sq.  in. 
When  combined  direct  and  flexural  stress  due  to  wind  is  considered,  50  per  cent  may  be 
added  to  the  above  allowable  tensile  and  compressive  stresses. 

39  Stress  Doe  to  Weight  of  Member. — ^Where  the  stress  due  to  the  weight  of  the  member  or 
due  to  an  eccentric  load  exceeds  the  allowable  stress  for  direct  loads  by  more  than  10  per  cent,  the 
section  shall  be  increased  until  the  total  stress  does  not  exceed  the  above  allowable  stress  for 
direct  loads  by  more  than  10  per  cent. 
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The  eccentric  stress  caused  by  connecting  angles  by  one  leg  when  used  as  ties  or  struts  shall 
be  calculated,  or  only  one  leg  will  be  considered  effective. 

40.  Rivets. — Rivets  shall  be  so  spaced  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  rivet 
hole  exoeed  22,000  lb.  per  sq.  in. 

Rivets  in  lateral  connections  may  have  stresses  25  per  cent  in  excess  of  the  above. 

Field  rivets  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  shop  rivets. 

Field  bolts,  when  allowed,  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  field 
rivets. 

Rivets  and  field  bolts  must  not  be  used  in  direct  tension.  Where  it  is  necessary  that  con- 
nections take  tension  turned  bolts  shall  be  used. 

41.  Pins. — Pins  shall  be  proportioned  so  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  pin 
hole  exceed  22,000  lb.  per  so.  in.;  nor  the  extreme  fiber  stress  due  to  cross  bending  exceed  24,000 
lb.  per  sq.  in.  when  the  applied  forces  are  assumed  as  acting  at  the  center  of  the  members. 

42.  Plate  Girders. — Plate  girders  shall  be  proportioned  by  the  moment  of  inertia  of  their 
net  section  or  on  the  assumption  that  }  of  the  gross  area  of  the  web  is  available  as  flange  area, 
and  the  shear  is  resisted  by  the  web.  The  distance  between  centers  of  gravity  of  the  flange  areas 
shall  be  considered  as  the  effective  depth  of  the  girder. 

43.  Web  Sttffeners. — ^The  web  of  plate  girders  shall  have  stiffeners  at  the  ends  and  inner 
edges  of  bearing  plates,  and  at  points  of  concentrated  loads,  and  also  at  intermediate  points  where 
the  thickness  of  the  web  is  less  than  ^  of  the  unsupported  distance  between  flange  angles,  not 
farther  apart  than  the  depth  of  the  full  web  plate  with  a  maximum  limit  of  5  ft.  Stiffeners  shall 
be  designed  as  columns  for  a  length  equal  to  one-half  the  depth  of  the  girder.  Stiffener  angles 
must  have  enough  rivets  to  properly  transmit  the  shear. 

44.  Compression  flanges  ot  plate  girders  shall  have  at  least  the  same  sectional  area  as  the 

tension  flanges,  and  shall  not  have  a  stress  per  sq.  in.-on  the  gross  area  greater  than  16,000  —  150  r , 

where  /  «  unsupported  distance,  and  b  —  width  of  flange,  both  in  inches.  Compression  flanges 
of  plate  girders  shall  be  stayed  transversely  when  their  length  is  more  than  thirty  times  tl^ir 
width. 

45.  Rolled  Beams. — Rolled  beams  shall  be  proportioned  by  their  moment  of  inertia.  The 
depth  of  rolled  beams  in  floors  shall  not  be  less  than  ^  of  the  span.  Where  rolled  beams  or 
channels  are  used  as  roof  purlins  the  depths  shall  not  be  less  than  tV  of  the  span. 

46.  Timber. — ^The  allowable  stresses  in  timber  purlins  and  other  timber  shall  be  taken  from 
the  following  table. 


Allowable  Working  Unit  Stsssses  in  Timbbr,  in  Pounds  pbr  Square  Inch. 

Kind  of  Timber. 

Tnuis> 

ve«e 

Loftding. 

End 
Bear- 
ing. 

Columna 
Underxo 

EHam. 
eten.C. 

Bearing 

ACIOM 

Fiber. 

Shear. 

Modulmaf 
Elastidty, 

Fluallel 
to  Grain. 

Longltii- 

Shear  in 
Beam*. 

White  Oak 

1,200 
1,300 
1,000 
1,000 
1,200 

1,200 
1,300 
1,000 
1,000 
1,200 

1,000 

1,000 

800 

800 

1,000 

450 
300 
200 
200 
350 

200 
180 
100 
160 
180 

no 

120 

70 

100 

no 

1,150,000 
1,610,000 
1,130,000 
1,480,000 
1,510,000 

Long  Leaf  Yellow  Pine. . . 
White  Pine  and  Spruce. . . 

Western  Hemlock 

Douglass  Fir 

Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least  dimension.  The  unit 
stress  for  lengths  of  more  than  10  times  the  least  dimension  shall  be  reduced  by  the  following 
formula: 

lOOd 


where  C  «  unit  stress,  as  given  above  for  short  columns; 
P  «  allowable  unit  stress  in  lb.  per  sq.  in.; 
/  »  length  of  column  in  inches; 
d  »  least  side  of  column  in  inches. 
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Covering. 

47.  Corrupted  Steel. — Corrugated  steel  shall  generally  have  2}  in.  corrugations  when  used 
for  roof  and  sides  of  buildings,  and  1}  in.  corrugations  when  used  for  lining  buildings.  The 
minimum  gage  of  corrugated  steel  shall  be  No.  22  for  roofs,  No.  24  for  sides,  and  No.  26  for  lining. 

The  gage  of  corrugated  steel  in  U.  S.  standard  gage  and  weight  per  sq.  ft.  shall  be  shown 
on  the  general  plan. 

48.  Spacing  Purlins  and  Girts. — ^The  span,  or  center  to  center  distance  of  purlins,  shall  not 
exceed  the  distance  given  in  Fig.  18  for  a  safe  load  of  30  lb.  per  sq.  ft.  Corrugated  steel  sheets 
shall  preferably  span  two  purlin  spaces.  Girts  shall  be  spaced  for  a  safe  load  of  25  lb.  per  sq.  ft. 
in  Fig.  18. 

49.  End  and  Side  Laps. — Corrugated  steel  shall  be  laid  with  two  corrugations  side  lap  and 
six  inches  end  lap  when  used  for  roofing,  and  one  corrugation  side  lap  and  four  inches  end  lap 
when  used  for  sicling. 

50.  Fastening.— -Corrugated  steel  shall  be  fastened  to  the  purlins  and  girts  by  means  of 
galvanized  iron  straps  }  in.  wide  by  No.  18  gage,  spaced  8  to  12  in.  apart;  by  clinch  nails  spaced 
8  to  12  in.  apart;  or  by  nailing  directly  to  spiking  strips  with  8d  barbed  nails,  spaced  8  in.  apart. 
Spikine  strips  shall  preferably  be  used  with  anti-condensation  lining.  Bolts,  nails  and  nvets 
shall  suways  pass  through  the  top  of  corrugations.  Side  laps  shall  be  riveted  with  copper  or 
galvanized  iron  rivets  8  to  12  in.  apart  on  the  roof  and  i)  to  2  ft.  apart  on  the  sides. 

51.  Cornigated  Steel  Lining. — Corrugated  steel  lining  on  the  sides  shall  be  laid  with  one 
corrugation  side  lap  and  four  in.  end  lap.  Girts  for  corrugated  steel  lining  shall  be  spaced  for  a 
safe  load  of  25  lb.  per  sq.  ft.  as  given  in  Fig.  18. 

52.  Anti-condensation  Lining. — ^Anti-condensation  roof  lining  shall  be  used  to  prevent 
dripping  in  engine  houses  and  similar  buildings,  and  shall  be  constructed  as  follows:  Galvanized 
wire  poultry  netting  is  fastened  to  one  eave  purlin  and  is  passed  over  the  ridge,  stretched  tight 
and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  are  woven  together  and  the  netting 
is  fastened  to  the  spiking  strips,  where  used,  by  means  of  small  staples.  On  the  netting  are  laid 
two  layers  of  asbestos  paper  A  in.  thick  and  two  layers  of  tar  paper.  ^  The  corrugated  steel  is 
then  fastened  to  the  purlins  in  the  usual  way;  -ff  in.  stove  bolts  with  i  in.  X  i  in.  plate  washers 
on  the  lower  side  are  used  for  fastening  the  side  laps  together  and  for  supporting  the  lining;  or 
the  purlins  may  be  spaced  one-half  the  usual  distance  where  anti-condensation  lining  is  used  and 
the  stove  bolts  omitted. 

53.  Flashing. — Valleys  or  comers  around  stacks  shall  have  flashing  extending  at  least  12  in. 
above  where  water  will  stand,  and  shall  be  riveted  or  soldered,  if  necessary,  to  prevent  leakage. 

Flashing  shall  be  provided  above  doors  and  windows. 

54.  Ridge  Roll. — ^AU  ridges  shall  have  a  ridge  roll  securely  fastened  to  the  corrugated  steel. 

55.  Comer  Finish. — ^AU  corners  shall  be  covered  with  standard  comer  finish  securely  fastened 
to  the  cormgated  steel. 

56.  Coinice. — ^At  the  gable  ends  the  cormgated  steel  on  the  roof  shall  be  securely  fastened  to  a 
finish  angle  or  channel  connected  to  the  end  of  the  purlins,  or,  where  molded  cornices  are  used, 
to  a  piece  of  timber  fastened  to  the  ends  of  the  purlins. 

57.  Gutters.— Gutters  and  conductors  shall  be  furnished  at  least  equal  to  the  requirements 
of  the  following  table: 

Span  of  Roof.  Gutter.  Condactor. 

Up      to    50  ft.  6  in.  4  in.  every  40  ft. 

50  ft.  to    70  ft.  7  in.  5  in.  every  40  ft. 

70  ft.  to  100  ft.  8  in.  5  in.  every  40  ft. 

Gutters  shall  have  a  slope  of  at  least  i  in.  in  15  ft.  Gutters  and  conductors  shall  be  made 
of  galvanized  steel  not  lighter  than  No.  24. 

58.  Ventilators. — Ventilators  shall  be  provided  and  located  so  as  to  properly  ventilate  the 
building.  They  shall  have  a  net  opening  for  each  100  sq.  ft.  of  floor  space  as  follows:  not  less 
than  one-fourth  sq.  ft.  for  clean  machine  shops  and  similar  buildings;  not  less  than  one  sq.  ft. 
for  dirtv  machine  shops;  not  less  than  four  sq.  ft.  for  mills;  and  not  less  than  six  sq.  ft.  for  forge 
shops,  foundries  and  smelters. 

59.  Shutters  and  Louvres. — Openings  in  ventilators  shall  be  provided  with  shutters,  sash, 
or  louvres,  or  may  be  left  open  as  specified. 

Shutters  must  be  provided  witn  a  satisfactory  device  for  opening  and  closing. 

Louvres  must  be  designed  to  prevent  the  blowing  in  of  rain  and  snow,  and  must  be  made 
stifl  so  that  no  appreciable  sagging  will  occur.  They  shall  be  made  of  not  less  than  No.  20  gage 
galvanized  steel  for  flat  louvres,  and  No.  24  gage  galvanized  steel  for  corrugated  louvres. 

60.  Ciicular  Ventilators. — Circular  ventilators,  when  used,  must  be  designed  so  as  to  prevent 
down  drafts.     Net  opening  only  shall  be  used  in  calculations. 


60  STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Chap.  I. 

6i.  Windows. — ^Windows  shall  be  provided  in  the  exterior  walls  equal  to  not  less  than  lo  per 
cent  of  the  entire  exterior  surface  in  mill  buildings,  and  of  not  less  than  25  per  cent  in  machine 
shops,  factories,  washeries,  concentrators,  breakers  and  similar  buildings. 

Window  glass  up  to  12  in.  X  14  in.  may  be  single  strength,  over  12  in.  X  14  in.  the  glass 
shall  be  double  strength.  Window  glass  shall  be  A  grade  except  in  smelters,  foundries,  &rge 
shops  and  similar  structures,  where  it  may  be  B  grade.  The  sash  and  frames  shall  be  constructed 
of  white  pine.  Where  buildings  are  exposed  to  fire  hazard  the  windows  shall  have  wire  glass  set 
in  metal  sash  and  frames. 

62.  Skylights. — ^At  least  half  of  the  lighting  shall  preferably  be  by  means  of  skylights,  or 
sash  in  the  sides  of  ventilators. 

Skylights  shall  be  glazed  with  wire  glass,  or  wire  nettinp:  shall  be  stretched  beneath  the 
skylights  to  prevent  the  broken  glass  from  falling  into  the  building.  Where  there  is  danger  of 
the  skylight  glass  being  broken  by  objects  falling  on  it,  a  wire  netting  guard  shall  be  provided 
on  the  outside. 

Skylight  glass  shall  be  carefully  set,  special  care  being  used  to  prevent  leakage.  Leakage 
and  condensation  on  the  inner  surface  of  the  glass  shall  be  carried  to  the  down-spouts,  or  outside 
the  building  by  condensation  gutters. 

63.  Windows  in  sides  of  buildings  shall  be  made  with  counterbalanced  sash,  and  In  venti- 
lators shall  be  made  with  sliding  or  swing  sash.  All  swinging  windows  shall  be  provided  with  a 
satisfactory  operating  device. 

64.  Doors. — Doors  are  to  be  furnished  as  specified  and  are  to  be  provided  with  hinges,  tracks, 
locks  and  bolts.  Single  doors  up  to  4  ft.  and  double  doors  up  to  8  ft.  shall  preferably  be  swung 
on  hinges;  large  doors,  double  and  single,  shall  be  arranged  to  slide  on  overhead  tracks,  or  may  be 
counterbalance  to  lift  up  between  vertical  guides. 

Steel  doors  shall  be  firmly  braced  and  shall  be  covered  with  No.  24  corrugated  steel  with  1} 
in.  corrugations. 

The  frames  of  sandwich  doors  shall  be  made  of  two  layers  of  {  in.  matched  white  pine,  placed 
diagonally,  and  firmly  nailed  with  clinch  nails.  The  frame  shall  be  covered  on  each  side  with  a 
layer  of  No.  26  corrugated  steel  with  1}  in.  corrugations.  Locks  and  all  other  necessary  hard- 
ware shall  be  furnished  for  all  windows  and  doors. 

(Sections  6$  to  77  cover  specificalions  for  tar  and  gravel  roofing  and  concrete  and  wood  floors 
which  have  already  been  given.) 

Details  of  Construction. 

78.  Details. — ^AU  connections  and  details  shall  be  of  sufficient  strength  to  develop  the  full 
strength  of  the  member. 

79.  Pitch  of  Rivets. — ^The  pitch  of  rivets  shall  not  exceed  6  in.,  or  sixteen  times  the  thickness 
of  the  thinnest  outside  plate  in  the  line  of  stress,  nor  forty  times  the  thickness  of  the  thinnest 
outside  plate  at  right  angles  to  the  line  of  stress.  The  pitch  shall  never  be  less  than  three  diameters 
of  rivet.  At  the  ends  of  compression  members  the  pitch  shall  not  exceed  four  diameters  of  the 
rivet  for  a  length  equal  to  twice  the  width  of  the  member. 

80.  Edge  Distuice. — ^The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i)  in.  for  J  in.  rivets,  ij  in.  f or  }  in.  rivets,  ij  in.  for  |  in.  rivets,  and  i  in.  for  J  in. 
rivets,  and  to  a  rolled  edge  i},  li,  i  and  {  in.,  respectively.  The  maximum  distance  from  the 
edge  shall  be  eight  (8)  times  the  thickness  of  the  plate. 

81.  Mazimiim  D^Uuneter. — ^The  diameter  of  the  rivets  in  angles  carrying  calculated  stresses 
shall  not  exceed  i  of  the  width  of  the  leg  in  which  they  are  driven,  except  that  f  in.  rivets  may 
be  used  in  2  in.  angles. 

82.  Diameter  of  Poncli  and  Die. — ^The  diameter  of  the  punch  and  die  shall  be  as  specified 
in  §  147. 

83.  Net  Sections. — ^The  effective  diameter  of  a  driven  rivet  will  be  assumed  the  same  as 
its  diameter  before  driving.  In  deducting  the  rivet  holes  to  obtain  net  sections  in  tension  members, 
the  diameter  of  the  rivet  holes  will  be  assumed  as  |  inch  larger  than  the  undriven  rivet. 

84.  Minintom  Sections. — No  metal  of  less  thickness  than  i  in.  shall  be  used  except  for 
fillers;  and  no  angles  less  than  2"  X  2"  X  \".  The  minimum  thickness  of  metal  in  head  frames, 
rock  houses  and  coal  tipples,  coal  washers  and  coal  breakers  shall  be  A  in.,  except  for  fillers. 
No  upset  rod  shall  be  less  than  |  in.  in  diameter.    Sag  rods  may  be  as  small  as  f  in.  diameter. 

85.  Connections. — ^All  connections  shall  be  of  sufficient  strength  to  develop  the  fuQ  strength 
of  the  member.  No  connections  except  for  lacing  bars  shall  have  less  than  two  rivets.  All  field 
connections  except  lacing  bars  shall  have  not  less  than  three  rivets. 

86.  Flange  Plates. — ^The  flange  plates  of  all  girders  shall  not  extend  beyond  the  outer  line 
of  rivets  connecting  them  to  the  angles  more  than  6  in.  nor  more  than  eight  times  the  thyiny 
of  the  thinnest  plate. 
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87.  Web  Stiffeners. — ^Web  stiffeners  shall  be  in  pairs,  and  shall  have  a  close  fit  against  flange 
angles.  The  stiffeners  at  the  ends  of  plate  girders  shall  have  filler  plates.  Intermediate  stiffeners 
may  have  fillers  or  be  crimped  over  the  flange  angles.  The  rivet  pitch  in  stiffeners  shall  not  be 
greater  than  5  in. 

88.  Web  Splices. — Web  plates  shall  be  spliced  at  all  points  by  a  plate  on  each  side  of  the 
web,  capable  of  transmitting  the  shearing  and  bending  stresses  through  the  splice  rivets. 

89.  Net  Sections. — Net  sections  must  be  used  in  calculating  tension  meml^rs  and  in  deducting 
the  rivet  holes  they  shall  be  taken  i  in.  larger  than  the  nominal  size  of  rivet. 

90.  Pin  connected  riveted  tension  members  shall  have  a  net  section  through  the  pin  hole 
2^  per  cent  in  excess  of  the  required  net  section  of  the  member.  The  net  section  back  of  the 
pin  hole  in  line  of  the  center  of  the  pin  shall  be  at  least  0.75  of  the  net  section  through  the  pin 
hole. 

91.  Upset  Rods. — ^AU  rods  with  screw  ends,  except  sag  rods,  must  be  upset  at  the  ends  so  that 
the  diameter  at  the  base  of  the  threads  shall  be  ^  inch  larger  than  any  part  of  the  body  of  the  bar. 

92.  Upper  Chords. — Upper  chords  of  trusses  shall  have  symmetrical  cross-sections,  and  shall 
preCerably  consist  of  two  angles  back  to  back. 

93.  Compression  Members.-^A11  other  compression  members  for  roof  trusses,  except  sub- 
struts,  shall  be  composed  of  sections  symmetrically  placed.  Sub-struts  may  consist  of  a  .single 
section. 

94.  Columns. — ^Side  posts  which  take  fle^cure  shall  preferably  be  composed  of  4  angles  laced, 
or  4  angles  and  a  plate.  Where  side  posts  do  not  take  flexure  and  carry  heavy  loads  they  shall 
preferably  be  composed  of  two  channels  laced,  or  of  two  channels  with  a  center  diaphragm. 

95.  Posts  in  end  framing  shall  preferably  be  composed  of  I-beams  or  4  angles  laced.  Corner 
columns  shall  preferably  be  composed  of  one  angle. 

96.  Crane  Posts. — ^The  cross-bending  stress  due  to  eccentric  loading  in  columns  carrying 
cranes  shall  be  calculated.  Crane  girders  carrying  heavy  cranes  shall  be  carried  on  independent 
columns. 

97.  Batten  Plates. — ^Laced  compression  members  shall  be  stayed  at  the  ends  by  batten 
plates,  placed  as  near  the  end  of  the  member  as  practicable  and  having  a  length  not  less  than  the 
greatest  width  of  the  member.  The  thickness  of  batten  plates  shall  not  be  less  than  ^  of  the 
distance  between  rivet  lines  at  right  angles  to  axis  of  member. 

98.  Ladng.— i^Single  lacing  t^rs  shall  have  a  thickness  of  not  less  than  tV»  ^nd  double  bars 
connected  by  a  rivet  at  the  intersection  of  not  less  than  iJV  of  the  distance  between  the  rivets 
connecting  them  to  the  member;  they  shall  make  an  angle  not  less  than  45  degrees  with  the  axis 
of  the  member;  their  width  shall  be  in  accordance  with  the  following  standards,  generally: 

Size  of  Member.  Width  of  Ladng  Baxs. 

For  15  in.  channels,  or  built  sections  with  3}  and  4  in.  angles..  .2}  inches  (I  in.  rivets). 
For  12,  10  and  9  in.  channels,  or  built  sections  with  3  in.  angles..  .2}  inches  (|  in.  rivets): 
For  8  and  7  in.  channels,  or  built  sections  with  2}  in.  angles.. .  .2  inches  (f  in.  rivets). 
For  6  and  5  in.  channels,  or  built  sections  with  2  in.  angles if  inches  (|  in.  rivets). 

Where  laced  members  are  subjected  to  bending,  the  size  of  lacing  bars  or  angles  shall  be  cal- 
culated, or  a  solid  web  plate  shall  be  used. 

99.  Pin  Plates. — ^All  pin  holes  shall  be  reinforced  by  additional  material  when  necessary,  so 
as  not  to  exceed  the  allowable  pressure  on  the  pins.  These  reinforcing  plates  must  contain  enough 
rivets  to  transfer  the  proportion  of  pressure  which  comes  upon  them,  and  at  least  one  plate  on 
each  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  batten  plate. 

100.  Maiimnm  Length  of  Compression  Members. — No  compression  member  shall  have  a 
length  exceeding  125  times  its  least  radius  of  gyration  for  main  members,  nor  150  times  its  least 
radius  of  gyration  for  laterals  and  sub-members.  The  length  of  a  main  tension  member  in  which 
the  stress  is  reversed  by  wind  shall  not  exceed  150  times  its  least  radius  of  gyration. 

loi.  Mazimiim  Length  of  Tension  Members. — ^The  length  of  riveted  tension  members  in 
horizontal  or  inclined  position  shall  not  exceed  200  times  their  radius  of  gyration  except  for  wind 
bracing,  which  members  may  have  a  length  equal  to  250  times  the  least  radius  of  gyration.  The 
horizontal  projection  of  the  unsupported  portion  of  the  member  is  to  be  considered  the  effective 
length. 

102.  Splices. — In  compression  members  joints  with  abutting  faces  planed  shall  be  placed  as 
near  the  panel  points  as  possible,  and  must  be  spliced  on  all  sides  with  at  least  two  rows  of  rivets 
on  each  ade  of  the  joint.    Joints  with  abutting  faces  not  planed  must  be  fully  spliced. 

103.  Splices. — Joints  in  tension  members  shall  be  fully  spliced. 

104.  Tension  Members. — ^Tension  members  shall  preferably  be  composed  of  angles  or 
shapes  capable  of  takii^  compression  as  well  as  tension.  Flats  riveted  at  the  ends  shall  not  be 
used. 
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105.  Main  tension  members  shall  preferably  be  made  of  2  angles,  2  angles  and  a  plate,  or  2 
channels  laced.    Secondary  tension  members  may  be  made  of  a  single  shape. 

106.  Eye-Bars. — Heads  of  eye-bars  shall  be  so  proportioned  as  to  develop  the  full  strength 
of  the  bar.    The  heads  shall  be  forged  and  not  welded. 

107.  Pins. — Pins  must  be  turned  true  to  size  and  straight,  and  must  be  driven  to  place  by 
means  of  pilot  nuts. 

The  diameter  of  pin  shall  not  be  less  than  )  of  the  depth  of  the  widest  bar  attached  to  it. 
The  several  members  attached  to  a  pin  shall  be  packed  so  as  to  produce  the  least  bending 
moment  on  the  pin,  and  all  vacant  spaces  must  be  filled  with  steel  or  cast  iron  fillers. 

108.  Bars  or  Rods. — ^Long  laterals  may  be  made  of  bars  with  clevis  or  sleeve  nut  adjustment. 
Bent  loops  shall  not  be  used. 

109.  Spacing  Trusses. — ^Trusses  shall  preferably  be  spaced  so  as  to  allow  the  use  of  single 
pieces  of  roiled  sections  for  purlins.    Trussed  purlins  shall  be  avoided  if  possible. 

no.  Purlins  and  Girts. — Purlins  and  girts  shall  preferably  be  composed  of  single  sections — 
channels,  angles  or  Z-bars,  placed  with  web  at  right  angles  to  the  trusses  and  posts  and  legs  turned 
down. 

111.  Fastening. — Purlins  and  ^rts  shall  be  attached  to  the  top  chord  of  trusses  and  to  columns 
by  means  of  angle  clips  with  two  nvets  in  each  leg. 

112.  Spacing. — Purlins  for  corrugated  steel  without  sheathing  shall  be  spaced  at  distances 
apart  not  to  exceed  the  span  as  given  for  a  safe  load  of  30  lb.,  and  girts  for  a  safe  load  of  25  lb. 
as  given  in  Fig.  18. 

113.  Timber  PniUns. — ^Timber  purlins  and  girts  shall  be  attached  and  spaced  the  same  as 
steel  purlins. 

114.  Base  Plates. — Base  plates  shall  never  be  less  than  }  in.  in  thickness,  and  shall  be  of 
sufficient  thickness  and  size  so  that  the  pressure  on  the  masonry  shall  not  exceed  the  allowable 
pressures  in  §  30. 

115.  Anchors. — Columns  shall  be  anchored  to  the  foundations  by  means  of  two  anchor 
bolts  not  less  than  i  in.  in  diameter  upset,  placed  as  wide  apart  as  practicable  in  the  plane  of  the 
wind.  The  anchoraee  shall  be  calculated  to  resist  one  and  one-half  times  the  bending  moment 
at  the  base  of  the  columns. 

116.  Lateral  Bracing. — ^Lateral  bracing  shall  be  provided  in  the  plane  of  the  top  and  bottom 
chords,  ndes  and  ends;  knee  brace»  Hi  the  transverse  bents;  and  sway  bracing  wherever  necessary. 
Lateral  bracing  shall  be  desi^ne^^  for  an  initial  stress  of  5,000  lb.  in  each  member,  and  provision 
must  be  made  for  putting  this  initial  stress  into  the  members  in  erecting. 

117.  Temperature. — ^Varntions  in  temperature  to  the  extent  of  150  degrees  F.  shall  be 
provided  for. 

MATERIAL  AND  WORKMANSHIP. 

Mateual. 

118.  Process  of  Manufacture. — ^Steel  shall  be  made  by  the  open-hearth  process. 

119.  Schedule  of  Requirements. 


Chemical  and  Phyilcal 
Propertiet. 

Stmctuial  Sted. 

Rivet  Sted. 

Sted  Caadnss. 

Phosphorus  Max.  {Add!*/.! 
Sulnhur  mazifnum    

0.04  per  cent 
0.08   "      " 
0.05   "      " 

0.04  per  cent 
0.04  "      " 
0.04  ••      «« 

0.05  per  cent 
0.08   "      " 
0.05    "      ** 

Ultimate  tensile  strength 
Pounds  per  square  inch 

Elongation:  min.  %  in  8"  | 

Elongation:  min.  %  in  2".. . 

Character  of  fracture 

Cold  bends  without  fracture. 

Desired 
60,000 
i,500.ooo« 

Desired 
50.000 
1,500,000 

Not  less  than 
65,000 

18 

Silky  or  fine  granular 

90*,  i  -  31 

Ult.  tensile  strength 

22 

SUky 

i8o*  flatt 

Ult.  tensile  strength 

Silky 
i8o«  ifatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

^  See  paragraph  128. 

t  See  paragraphs  129,  130  and  131. 

t  See  paragraph  133. 
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120.  iUUMwUe  VaihiliaM, — ^If  tfae  uhunate  strength  veoies  mare  tkan  4,000  lb.  from  -diat 
deaicd,  a  retest  shall  be  made  an  the  same  gage,  which,  to  be  aooeptable,  shall  be  within  5,(XX) 
lb.  of  the  desired  ultimate. 

121.  Chfwnifjd  AmljMBw— Chemical  determinationB  of  the  percentages  of  carbon,  phos- 
phoniB,  Bulphnr  and  manganese  shall  be  made  by  the  maimfartiirer  from  a  test  ingot  taken  at 
the  time  of  the  pouring  of  each  melt  of  steel  and  a  correct  copy  of  such  analysis  shall  be  f  umidied 
to  the  enginwT  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  ezoess  of  25  per  cent  above  the  required  limits  will  be 
allowed. 

122.  Fum  of  SpedDBenB.  Plates,  Shafes  and  Bass. — Specimens  for  tensile  and  bending 
tests  for  plates,  shapes  and  bars  shall  be  made  by  cutting  coupons  from  the  finished  product, 
whit^  shall  have  both  faces  reeled  and  both  edges  milled  to  the  form  ^own  by  Fig.  i ;  or  with 
both  edges  parallel;  or  they  may  be  turned  to  a  riiamffter  of  |  in.  for  a  length  of  at  least  9  in., 
with  enlarged  ends. 

123.  Rivets. — ^Rivet  rods  shall  be  tested  as  rolled. 

124.  Pins  and  Rollbxs. — Specimens  shall  be  cut  from  the  finidied  rolled  or  forged  bar,  in 
such  manner  that  the  center  of  the  specimen  shall  be  i  in.  from  the  surface  of  the  bar.  The 
specimen  for  tensile  test  shall  be  turned  to  the  fonn  shown  by  Fig.  2.  The  specimen  for  bending 
test  shall  be  i  in.  by  i  in.  in  section. 


3"  *^^    ParaMe!  Sccria^    ^ 
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Fig.  I. 


Fig.  2. 


125.  Steel  Castings. — The  number  of  tests  will  depend  on  the  character  and  mxportance 
of  the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of 
one  or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size. 
The  coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test 
specimens  shall  be  of  the  form  prescribed  for  pins  and  rollers. 

126.  Annealed  Speriinfms. — ^Material  whidi  is  to  be  used  without  annealing  or  further 
treatment  shall  be  tested  in  the  condition  in  which  it  comes  from  the  rolls.  When  material  is  to 
be  annealed  or  otherwise  treated  before  use,  the  specimens  for  tensile  tests  representing  such 
material  shall  be  cut  from  properly  annealed  or  simiiarly  treated  short  lengths  of  the  f  idl  section 
of  the  bar. 

127.  Nmiber  of  Tests. — ^At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
meh  of  steel  as  rolled.  In  case  steel  differing  |  in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

128.  Modificalioos  in  Eloni^rtiim. — For  material  less  than  ^  in.  and  more  than  f  in.  in 
thickness  the  following  modifications  will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  ^  in.  in  thickness  below  ^  in.,  a  deduction  of  2}  per  cent  will  be  allowed  from 
the  specified  elongation. 

(b)  For  each  i  in.  in  thickness  above  }  in.,  a  deduction  of  i  per  cent  will  be  allowed  from 
the  specified  elongation. 

(c)  For  pins  and  rollers  over  3  in.  in  diameter  the  elongation  in  8  in.  may  be  5  per  cent  less 
than  that  specified  in  paragraph  1 19. 

129.  Bendtng  Tests. — ^Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  i  in.  thick  shall  bend  as  called  for  in  paragraph  119. 
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130.  Thick  MateriaL — ^Full-sized  material  for  eye-bars  and  other  steel  i  in.  thick  and  over, 
tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin  the  diameter  of  which  is  equal  to  twice 
the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

131.  Bending  An^es. — ^Angles  }  in.  and  less  in  thickness  shall  open  flat  and  angles  |  in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This 
test  will  be  made  only  when  required  by  the  inspector. 

133.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine,  silky,  uniform  fracture. 

133.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges,  or  other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width 
and  under  shall  have  rolled  edges. 

134  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped  on  the 
end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks  on  an 
attached  metal  tag. 

135.  Defective  ICateriaL — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer 
at  his  own  cost. 

136.  Allowable  Vaxiatiott  in  Weight — ^A  variation  in  cross-section  or  weight  of  each  piece  of 
steel  of  more  than  2|  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in 
case  of  sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to 
apply  to  single  plates. 

137-  When  Ordered  to  Weight — Plates  I2§  lb.  per  square  foot  or  heavier: 
(a)  Up  to  100  in.  wide,  2|  per  cent  below  or  above  the  prescribed  weight. 

Plates  }  Inch  and  Over  in  Thickness. 


ThkkneM 
Oideredt  io. 

Nominal 
Wdght,  lb. 

Width  of  Plate.                                                    1 

Up  to  75  in. 

75  in.  and  up  to 
100  in. 

zoo  in.  and  ap  to 
115  in. 

Over  IIS  in. 

3-8 
7-16 
1-2 
9-16 

s-« 

Over  5-8 

10.20 

12.75 
15.30 
17.85 
20.40 
22.95 
25.50 

10   per  cent 
8     "      " 
^     «      (« 

6     "     " 
^     «     «< 

I  ..  « 

3|   »     .. 

14   per  cent 

12      "       " 

10     "      " 

8     "      " 

tm          «            « 

6i   "      " 
6     "     " 
5     "     " 

18    per  cent 
16     "      « 
13     "      " 
10     "      •* 
9     "      «« 

8|   "      " 
0     «i      « 

6i  "      " 

17  per  cent 
13    ••      " 
12   "      " 
II    "      " 
10  "      " 
9   "      " 

Plates  Under  }  Inch  in  Thickness. 


Thicknen 
Ordered,  in. 

Nominal  Welghta 
lb.  per  tq.  ft. 

Width  of  Plate.                                          | 

Up  to  50  in. 

50  in.  and  up  to 
70  in. 

Over  70  hi. 

1-8    up  to  5-32 
5-32  '^  "  3-16 
3-16  "    "  1-4 

5.10  to    6.37 

6.37;:  7.6s 

7.65  "  10.20 

10    percent 
8J   "      " 

y         «           «( 

15    per  cent 
12J   "      " 
10     "      " 

20  per  cent 
17   «      " 
15   "      " 

(b)  One  hundred  in.  wide  and  over,  5  per  cent  above  or  below. 

138.  Plates  under  12}  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2  J  per  cent  above  or  below. 

(b)  Seventy-five  in.  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  in.  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

139.  When  Ordered  to  Gage. — Plates  will  be  accepted  if  they  measure  not  more  than  .01 
in.  below  the  ordered  thickness. 

140.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order, 
will  be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  preceding  tables,  one  cubic  inch 
of  rolled  steel  being  assumed  to  weigh  0.2833  ^b. 
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141.  Cast-Inm. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
from  flaws  and  excessive  shrinkage.  If  tests  are  demanded  they  shall  be  made  on  the  "  Arbitra- 
tion Bar  "  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar,  ij  in.  in  diameter 
and  15  in.  long.  The  transverse  test  shall  be  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least  ^  in.  before 
rupture. 

142.  Wrought-Iron  Bars. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform 
in  character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When 
tested  in  specimens  of  the  form  of  Fig.  i,  or  in  full-si^d  pieces  of  the  same  length,  it  shall  show 
an  ultimate  strength  of  at  least  50,000  lb.  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in., 
with  fracture  wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber  through  135°,  without 
sign  of  fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece 
tested.    When  nicked  and  bent  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

Workmanship. 

143.  General. — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge 
works. 

144.  Stndfi^tening  ICateriaL — Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

145.  Finish. — ^Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

146.  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean  the 
actual  size  of  the  cold  rivet  before  heating. 

147.  Rivet  Holes. — ^When  general  reaming  is  not  required,  the  diameter  of  the  punch  for 
material  not  over  }  in.  thick  shall  be  not  more  than  ^  in.,  nor  that  of  the  die  more  than  i  in.  larger 
than  the  diameter  of  the  rivet.  The  diameter  of  the  die  shall  not  exceed  that  of  the  punch  by 
more  than  }  the  thickness  of  the  metal  punched. 

148.  Planing  and  Reaming. — In  medium  steel  over  }  of  an  in.  thick,  all  sheared  edges  shall 
be  planed  and  all  holes  shall  be  drilled  or  reamed  to  a  diameter  of  }  of  an  in.  larger  than  the  punched 
holes,  so  as  to  remove  all  the  sheared  surface  of  the  metal.  Steel  which  does  not  satisfy  the 
drifting  test  must  have  holes  drilled. 

149.  Punching. — Punching  shall  be  accurately  done.  Slight  inaccuracy  in  the  matching  of 
holes  may  be  corrected  with  reamers.  Drifting  to  enlarge  unfair  holes  will  not  be  allowed.  Poor 
matching  of  holes  will  be  cause  for  rejection  by  the  inspector. 

150.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts  before  riveting  is  commenced.     Contact  surfaces  to  be  painted  (see  §  182). 

151.  Lacing  Bars. — Lacing  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

152.  Web  Stiffeners. — ^Stiffeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

15^.  Sfdlce  Plates  and  Fillers. — ^Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i  in.  of  flange  angles. 

154.  Web  Plates. — ^Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  be  not  more  than  i  in.  scant,  unless  otherwise  called  for.  When  web  plates 
are  spliced,  not  more  than  }  in.  clearance  between  ends  of  plates  will  be  allowed. 

155.  Connection  An^es.— Connecftion  angles  for  girders  shall  be  flush  with  each  other  and 
correct  as  to  position  and  length  of  girder.  In  case  milling  is  required  after  riveting,  the  removal 
of  more  than  ^  in.  from  their  thiclmess  will  be  cause  for  rejection. 

156.  Riveting. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

157.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  equal  size. 
They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Rccupping  and  calking 
will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and  replaced. 
In  cutting  out  rivets  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If  necessary 
they  shall  be  drilled  out. 

158.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  J  in. 
thick  shall  be  used  under  nut. 

159.  Members  to  be  Straight — ^The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  ' 
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i6o.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints  depending  on  contact 
bearing  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

i6i.  Field  Connections. — ^AU  holes  for  field  rivets  in  splices  in  tension  members  carrying 
live  loads  shall  be  accurately  drilled  to  an  iron  templet  or  reamed  while  the  connecting  parts  are 
temporarily  put  together. 

162.  £7e-Bars.-T-Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists, 
folds  in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forg- 
ing. Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at 
thJ  worlo  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  with  a  sill^  fracture,  when  tested  to  rupture.  The 
thickness  of  head  and  neck  shall  not  vary  more  than  A  in.  from  the  thickness  of  the  bar. 

163.  Boring  Eye-Bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin  holes  shall  be  in  the  center  line  of  bars  and  in  tne  center  of  heads.  Bars  of  the 
same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  Smaller  in  diam- 
eter than  the  pin  holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time. 

164.  Pin  Holes. — ^Pin  holes  shall  be  bored  true  to  gage,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  Wherever  pos- 
sible, the  boring  shall  be  done  after  the  member  is  riveted  up. 

165.  The  distance  center  to  center  of  pin  holes  shall  be  correct  within  ^  in.,  and  the  diameter 
of  the  hole  not  more  than  ^  in.  larger  than  that  of  the  pin,  for  pins  up  to  5  in.  diameter,  and  ^  in. 
for  larger  pins. 

iSS.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gage  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

167.  Pilot  Nots  and  Field  RiTets.-— At  least  one  pilot  and  one  driving  nut  shall  be  furnished 
for  each  size  of  pin  for  each  structure;  and  field  rivets  15  per  cent  plus  10  rivets  in  excess  of 
the  number  of  each  size  actually  required. 

168.  Screw  Threads. — ^Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  i|  in.,  when  they  shall  be  made  with  six  threads  per  in. 

169.  Annealing. — ^Steel,  except  in  minor  details,  which  has  been  partially  heated  shall  be 
properly  annealed. 

170.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

171.  Welds. — ^Wdds  in  steel  will  not  be  allowed. 

172.  Bed  Plates. — ^Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  plamng  tool  shall  correspond  with  the  <Urection 
of  expansion. 

173.  Shipping  Details. — Pins,  nuts,  bolts,  rivets,  and  other  small  details  shall  be  boxed  or 
crated. 

174.  Weight — ^The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

175.  Finished  Weight — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  actual  total  weight  of  the  structure  as  computed  from  the  shop 
plana  urill  be  allowed  for  excess  weight. 

Additional  SPBcmcATiONs  Whbn  General  Rbaming  and  Planing  are  Required. 

176.  Planing  Edges. — ^Sheared  edges  and  ends  shall  be  planed  off  at  least  }  in. 

177.  Reaming. — Punched  holes  shall  be  made  with  a  punch  -ff  in.  smaller  in  diameter  than 
the  nominal  size  of  the  rivets  and  shall  be  reamed  to  a  finished  diameter  of  not  more  than  ^  in. 
larger  than  the  rivet. 

178.  Reaming  after  Assembling. — ^Wherever  practicable,  reaming  shall  be  done  after  the 
pieces  forming  one  built  member  have  been  assembled  and  firmly  bolted  together.  If  necessary 
to  take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
BO  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  piarts  will  be  allowed. 

179.  Remoyinig  Borrs. — The  bum  on  all  reamed  holes  shall  be  removed  by  a  tool  counter- 
unking  about  A  in. 

TniBBR. 

180.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  timber;  sawed  true  and  out  of  wind,  full  mze,  free  from  wind  shakes. 
Luge  or  loose  knots,  decayed  or  sapwood,  wormhoks  or  other  defects  impairing  its  strength  or 
-^ncabihty. 
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Painting, 

i8i.  Padntiiic. — All  steel  woiic  before  leaving  the  shop  shall  be  thoroughly  cleaned  from  all 
loose  scale  and  rust,  and  be  given  one  good  coating  of  pure  boiled  liaseed  oil  or  paint  as  specified , 
well  worked  into  all  joints  and  open  spaces. 

182.  In  riveted  work,  the  surfaces  conung  In  contact  shall  each  be  painted  (with  paint) 
before  bein^  riveted  together. 

183.  Pieces  and  parts  which  are  not  accessible  for  painting  after  erection  shall  have  two 
coats  ol  paint. 

184.  The  paint  shall  be  a  good  quality  of  red  lead  or  graphite  paint,  ground  with  pure  linseed 
oil,  or  such  paint  as  may  be  specified  in  the  contract. 

185.  After  the  structure  is  erected  the  iron  work  shall  be  thoroughly  and  evenly  painted 
with  two  additional  coats  of  paint,  mixed  with  pure  Unseed  oil,  of  such  quality  and  color  as  may 
be  selected.  Painting  shall  be  done  only  when  the  surface  of  the  metal  is  perfectly  dry.  No 
painting  shall  be  done  in  wet  or  freezing  weather  unless  special  precautions  are  taken.  The  two 
field  coats  of  paint  shall  be  of  different  colors. 

186.  Machine  finished  surfaces  shall  be  coated  with  white  lead  and  tallow  before  shipment 
or  before  being  put  out  into  the  open  air. 

Inspection  and  Teshnc  at  Mill  and  the  Shops. 

187.  The  manufacturer  shall  furnish  all  facilities  for  inspecting  and  testing  weight  and  the 
quality  of  workmanship  at  the  mill  or  shop  whe^e  material  is  fabricated.  He  shall  furnish  a 
suitable  testing  machine  for  testing  full-sized  members  if  required. 

188.  Mill  Onliei& — ^The  engineer  shall  be  furnished  with  complete  copies  of  mill  orders,  and 
no  materials  shall  be  ordered  nor  any  work  done  before  he  has  been  notified  as  to  where  the  orders 
have  been  placed  so  that  he  may  arrange  for  the  inspection. 

189.  fi^iop  PUms. — ^The  engineer  shall  be  furnished  with  approved  complete  shop  plans,  and 
must  be  notified  well  in  advance  of  the  start  of  the  work  in  the  shop  in  order  that  he  may  have  an 
inspector  on  hand  to  inspect  the  material  and  workmanship. 

190.  Shipping  Inroices.'Complete  copies  of  shipping  invoices  shall  be  furnished  the  engineer 
with  each  shipmexit. 

191.  The  engineer's  inspector  shall  have  full  access,  at  all  times,  to  ail  parts  of  the  mill  or 
shop  where  material  under  his  inspection  is  being  fabricated. 

192.  The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark.  Any  piece  not  so 
markod  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work,  if  the  inspector,  through  an 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  the  speci- 
fications, this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  engineer. 

.  193.  Ftdl  Sise  Tests. — Full  size  tests  of  any  finished  member  shall  be  tested  at  the  manu- 
facturer's expense,  and  shall  be  paid  for  by  the  purchaser  at  the  contract  price  less  the  scrap  value, 
if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory  the  material  will  not  be  paid  for  and 
the  members  represented  by  the  tested  member  may  be  rejected. 

Erection. 

194.  Tools. — The  contractor  shall  furnish  at  his  own  expense  all  necessary  tools,  staging  and 
material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove  the  same 
when  the  work  is  completed. 

All  field  connections  in  the  trusses  and  framework  shall  be  riveted.  Connections  of  purlins 
and  girts  may  be  bolted. 

195.  fiiricB. — ^The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused 
by  the  negligence  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the 
work  is  completed  and  accepted. 

196.  The  contractor  shall  comply  with  all  ordinances  or  r^ulations  appertaining  to  the 
work. 

197.  The  erection  shall  be  carried  forward  with  diligence  and  shall  be  completed  promptly. 
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REFERENCES. — ^For  data  on  windows  and  glazing;  paints  and  painting;  foundations,  and 
additional  data  and  examples  of  roof  trusses  and  steel  mill  buildings,  see  the  author's  "  The 
Design  of  Steel  Mill  Buildings."  This  book  also  contains  a  full  treatn\ent  of  algebraic  and  graphic 
statics;  and  the  calculation  of  stresses  in  simple  framed  structures,  in  the  transverse  bent,  the 
two-hinged  arch,  etc.;  also  contains  24  problems  in  algebraic  and  graphic  statics  illustrating  the 
methods  of  calculating  the  stresses  in  roof  trusses  and  other  framed  structiues. 


CHAPTER  II. 
Steel  Office  Buildings. 


Skeleton  CoDStntctioii. — ^Skeieton  construction  is  a  building  where  all  external  and  internal 
loads  and  stresses  are  txansfened  from  the  top  of  the  building  to  the  foundations  by  a  skeleton  or 
framework  of  steel  or  reinforced  concrete.  In  steel  skeleton  construction  the  framework  con- 
sists of  columns,  floorbeams,  girders,  trusses,  and  diagonal  and  transverse  bracing.  The  steel 
trusses  have  riveted  connections  and  all  connections  in  the  steel  framework  should  be  riveted. 

Fire  Resistiiie  ConstmctiaiL — ^To  protect  the  structural  steel  from  fire  the  framework  is 
covered  with  materials  that  are  slow  heat  conducting  or  "fireproof  material."  The  steel  frame- 
work may  be  fireproofed  with  reinforced  concrete,  brick,  tiles  of  burnt  clay,  or  terra  cotta.  The 
windows  on  exposed  sides  and  elevator  enclosures  are  glazed  with  wire  glass  set  in  metal  frames  or 
are  protected  with  fire  shutters.  Doors  and  other  exposed  openings  are  protected  with  fire  doors 
or  shutters.  The  interior  finidi,  doors,  etc.  should  be  of  metal  and  every  precaution  should  be 
taken  to  prevent  the  spread  of  fire.  Reinforced  concrete  fireproofing  is  usually  made  of  the 
following  thickness:  For  colunms,  trusses,  girders  or  other  very  important  members  at  least  2 
inches  of  concrete  outside  of  the  metal  reinforcement;  for  ordinary  beams  or  long  span  floor  slabs 
or  arches,  i)  inches  of  concrete  outside  of  the  reinforcement,  and  for  short  span  floor  arches  and 
slabs,  partitions  and  walls  at  least  i  inch  outside  the  metal  reinforcement.  Fireproofing  of  brick, 
tile  or  terra  cotta  is  usually  made  with  a  thickness  of  not  less  than  4  inches  for  columns  and  the 
main  framework.  Metal  flanges  should  be  protected  with  not  less  than  2  inches  of  fireproofing 
at  any  point. 

TABLE  I. 

Weights  of  Builixng  Matexials,  Etc. 
Pounds  per  Cubic  Foot. 


WdghL 


Wdfliit. 


Brick,  pressed  and  paving. . . 

**      common  building . . . . 

**      soft  building 

Granite 

Marble 

Lunestone 

Sandstone 

Cinders 

Slag 

Granulated  furnace  slag 

Gravel 

Slate  

Sand,  day  and  earth  (dry)  . . 

"        ••      "       "     (moist) 

Coal  ashes 

Paving  asphaltum 

Piaster  of  Paris 

Glass 

Water 

Snow,  freshly  fallen 

"      packed 

"     wet 

Spruce 


150 
120 
100 
170 
170 
160 
ISO 

160-180 

53 
120 

175 
100 
120 

45 
100 
140 
160 

62} 

5 
12 

50 

25 


Hemlock 

White  pine 

Douglas  fir 

Yellow  pine 

White  oak 

Mortar 

Stone  concrete 

Cinder      "       

Common  brick  work 

Rubble  masonry,  sandstone 

•*  "        limestone 

"  •*        granite 

Ashlar         **        sandstone 

**  "        limestone 

**  "        granite 

Cast  iron 

Wrought  iron 

Steel 

Lead 

Copper,  rolled 

Brass 

Plaster,  ceiling  10  to  15  lb.  per  sq.  ft 


25 

25 

30 

40 

50 

100 

150 

no 

100-120 

130-140 

140 
150 

140-150 

150 

i6s 
450 
480 
490 
7" 
490 
523 
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For  details  and  data  on  fireproofing  and  fireproofing  materials,  see  Freitag's  ''Fire  Prevention 
and  Fire  Protection,"  and  Kidder's  "Architects  and  Builders  Pocket  Book." 

LOADS. — The  loads  coming  on  office  buildings  may  be  grouped  under  the  following  headings: 
(i)  dead  loads;  (2)  live  loads;  (3)  wind  loads;  (4)  snow  loads;  (5)  miscellaneous  loads. 

Dead  Load. — ^The  "dead  load"  includes  the  weight  of  the  structure,  and  other  permanent 
fixtures  and  machines.  A  formula  for  the  weight  of  roof  trusses  is  given  in  Chapter  I.  The 
weights  of  materials  are  given  in  Table  I.  The  actual  weights  of  all  dead  loads  should  be  calcu- 
lated. The  minimum  weight  of  a  fireproof  floor  should  be  taken  at  not  less  than  75  lb.  per  sq.  ft. 
of  floor  surface.  In  office  buildings  a  minimum  of  10  lb.  per  sq.  ft.  should  be  added  for  movable 
partitions. 

WEIGHT  OF  STEEL  IN  TALL  BUILDINOS.— The  weight  of  the  steel  framework  for  tall 
steel  buildings  varies  with  the  height,  the  column  spacing,  the  floor  loads  and  other  conditions. 
The  weights  of  steel  per  cubic  foot  for  several  tall  steel  buildings  are  given  in  Table  II.  In  calcu- 
lating the  weight  per  cubic  foot  only  the  part  of  the  building  above  the  carb  was  considered. 


TABLE  II. 

X 

Weight  of  Steel  in  Tall  Buildings,  Pounds  per  Cubic  Foot. 


BnUdliig. 

Plan 
SQ.Ft. 

Height. 

Weight  of 
Steel.  Lb. 
perCu.Ft. 

Reference. 

Stories. 

Ft, 

Park  Row  Building,  New  York. . 
Hotel  Astor  (addition),  New 
York 

15,000 
21,306 

9,018 

3,952 
13,231 
31,000 
42,686 

5,000 

55,000 

39,500 

94,000 

7,500 

26 
9 

39 
18 

13 
55 

7 

12 

2S 
10 
12 

307 

543 
220 

775 
580 

176 
145 

3.6 
2.6 

1.1 

2.3 

3.6 
2.1 

2.8 
2.0 

2.8 

Eng.  News,  Oct.  8,  1896 

Eng.  Record,  Oct.  14,  1911 

Eng.  Record,  Feb.  11,  1911 
Eng.  Record,  April  1,1911 
Eng.  Record,  May  27,  191 1 
Eng.  Record,  May  27,  191 1 
Eng.  News,  July  27,  191 1 
Eng.  News,  July  25,  1912 

Eng.  Record,  May  11,  191 2 
Eng.  Record,  Mar.  30,  191 2 
Eng.  Record,  July  9,  1910 
Designed  by  the  author 

Banker's  Trust  Building,  New 
York 

Underwood  Buildine,  New  York . 

Hotel  Rector,  New  York 

Woolworth  Building,  New  York. 
Municipal  Building,  New  York. . 
Poole  Bros.  Printing,  Chicago.. . 
Merchants  &  Mfgs.  Exchange, 
New  York 

Hotel  McAlpin,  New  York 

Curtis  Building,  Philadelphia . . . 
Office  Building,  Denver 

live  Loads. — ^The  live  loads  on  floors  are  commonly  given  in  pounds  per  square  foot.  The 
minimum  live  loads  in  pounds  per  square  foot  as  required  by  the  buildings  laws  of  several  cities 
are  given  in  Table  III. 

Mr.  C.  C  Schneider,  M.  Am.  Soc.  C.  E.,  in  his  "General  Specifications  for  Structural  Work  of 
Buildings"  gives  the  following  requirements  for  live  loads  on  floors. 

"Table  IV  gives  the  'live'  load  on  floors,  to  be  assumed  for  different  classes  of  buildings. 
These  loads  consist  of:  (o)  A  uniform  load  per  square  foot  of  floor  area;  (b)  A  concentrated 
load  which  shall  be  applied  to  any  point  of  the  floor;  (c)  A  uniform  load  per  linear  foot  for  girders. 
The  maximum  result  is  to  be  used  in  calculations.  The  specified  concentrated  loads  shall  also 
apply  to  the  floor  construction  between  the  beams  for  a  lei^th  of  5  ft." 


LIVE  LOADS. 
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TABLE  IIL 

Floors  and  Roofs. 

MxNiMXTM  LivB  Loads,  Pounds  per  Squarb  Foot. 

By  Building  Laws  o(  Various  Cities. 

American  Bridge  Company. 


Kind  of  BuUdins. 


h 
I- 


k 


h 


Apartments 

Public  Rooms*  and  Halls 

Assembly  Halls. .  -  • .  -^ 

Fixed  Seat  Auditoriums 

Movable  Seat  Auditoriums 

Churches 

Dance  Halls 

Drill  Rooms 

Riding  Schools 

Theaters 

Dwellings 

Public  Rooms* 

HoteU 

First  Floors 

Corridors 

Office  Floors 

Public  Rooms* 

Manufacturing 

Light  Factories 

Mercantile 

Heavy  Storehouses 

Retail  Stores 

Warehouses 

Offices 

First  Floor 

Corridors 

Schook  (Qass  Rooms) 

Assembly  Rooms — Halls 

Sidewalks 

Stables — Carriage  Houses 

Area  less  than  500  sq.  ft 

Stairways  and  Landings 

Fire  Escapes 

Roofs— FUtt 

Horizontal  Projection  Steep  Roofs . 

Superficial  Surface 

Wind  Pressure 


SO 
100 

125 


60 
90 


60 


SO 


120 


90 


200 
200 
200 


75 
125 

75 


125 
125 


SO 
80 

100 
80 

100 


40 


60 


100 


SO 
100 

SO 


S 


70 


g 


125 
150 
150 
150 
125 
SO 


150 


100 
100 
100 
100 


40 


100 
40 


60 


60 


70 


60 


70 


SO 


SO 


60 
100 


100 
100 

125 


80 
80 


120 
120 


120 
150 


125 


125 
125 


100 


150 


150 


125 

250 
100 
100 


150 

75 
150 


150 
120 
150 
100 


250 
125 


75 
150 


200 

125 

200 

70 


200 
125 


60 


100 

100 

SO 


60 

125 


75 

90 

300 

75 


75 


70 
70 


200 
100 


100 
60 
80 

200 
80 


150 
150 
70 
150 


40 
75 


100 


70 
70 
40 


SO 
30 


40 
20 


80 
80 
40 


100 

40 
100 


30 


30 

30II 


30 


40 

30II 


2S 
25 


20 


40 

30 


60 


125 

7S 
125 
125 


'II 


60 


125 


250 
125 
250 
60 
150 


7S 
125 
150 

7S 


30 
20 


20 


*  Area  greater  than  500  square  feet, 
t  First  Floors  200. 
t  Slopes  less  than  20  degrees. 

§  Dead  and  live,  except  for  one  story  steel  frame  buildings,  corrugated  iron  roofs,  35  pounds. 
II  High  Buildings,  built  up  districU,  35  pounds;  14  stories  or  over,  25  pounds  at  tenth  story,  2} 
pounds  less  each  story  below. 
Figures  for  manufacturing  establishments  do  not  include  machinery. 
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Chap.  II. 


Clawirff  of  Buildiiigs. 


Live  Loads  in  Pounds. 


Distributed 
Load. 


Coocentrated 
Load. 


Linear  Ft.  of 
Girder. 


Dwellings,  hotels,  apartment-houses,  dormitories,  hos- 
pitals   

Omce  buildings,  upper  stories 

Schoolrooms,  theater  galleries,  churches 

Ground  floors  of  oflice  buildings,  corridors  and  stairs  in 
public  buildings , 

Assembly  rooms,  main  floors  of  theaters,  ballrooms,  f 
gymnasia,  or  any  room  likely  to  be  used  for  drilling  -| 
or  dancing t 

Ordinary  stores  and  light  manufacturing,  stables  and 
carriage-houses 

Sidewalks  in  front  of  buildings 

Warehouses  and  factories 

Charging  floors  for  foundries 

Power  houses,  for  uncovered  floors , 


40 

80 

Floor  100 
Columns  50 

80 

300 

from  120  up 

"     300  *^ 


2  000 

5  000 
5 


000 


} 


5  000 
5  000 


8  000 
10  000 
Special 


SCO 
I  000 
I  000 

I  000 

I  000 


I  000 

I  000 
Special 


The  actual  weights  of 

engines,  boilers,  sucks, 

etc.,  shall  be  used,  but  in 

no  case  less  than  200  lb. 

^  per  sq.  ft. 


"  If  heavy  concentrations,  like  safes,  armatures,  or  special  machinery,  are  likely  to  occur  on 
floors,  provision  should  be  made  for  them.  For  structures  carrying  traveling  machinery,  such 
as  cranes,  conveyors,  etc.,  2^  per  cent  shall  be  added  to  the  stresses  resulting  from  such  live  load, 
to  provide  for  the  effects  of  impact  and  vibration.'* 

Mr.  Schneider's  method  for  live  loads  is  the  most  rational  method  yet  proposed.  In  the 
design  of  floor  slabs  when  using  this  method  the  author  has  used  an  equivalent  distributed  load 
equal  to  twice  the  distributed  loads  in  Table  IV,  and  has  omitted  the  concentrated  load  and  load 
per  lineal  foot  of  girders. 

The  floor  loads  on  warehouses  and  the  recommended  floor  loads  per  sq.  ft.  have  been  tabu- 
lated by  the  American  Bridge  Company  in  Table  V. 

Wind  Loads. — ^The  wind  loads  required  by  different  cities  are  given  in  Table  III. 

Schneider's  specifications  for  wind  load  are  as  follows: 

"The  wind  pressure  shall  be  assumed  as  acting  in  any  direction  horizontally:  First. — ^At  20 
lb.  per  sq.  ft.  on  the  sides  and  ends  of  buildings  and  on  the  actually  exposed  surface,  or  the  vertical 
projection  of  roofs;  Second. — ^At30  lb.  per  sq.  ft.  on  the  total  exposed  surfaces  of  all  parts  com- 
posing the  metal  framework.  The  framework  shall  be  considered  an  independent  structure, 
without  walls,  partitions  or  floors." 

Additional  data  on  wind  loads  are  given  in  Chapter  I. 

Snow  Loads. — ^The  snow  loads  on  roofs  are  given  in  Fig.  i.  Chapter  I. 

Schneider's  specifications  require  "A  snow  load  of  25  lb.  per  sq.  ft.  of  horizontal  projection 
of  the  roof  for  all  slopes  up  to  20  degrees;  this  load  to  be  decreased  i  lb.  for  every  degree  of  increase 
of  slope  up  to  45  degrees,  above  which  no  snow  load  is  to  be  considered.  The  above  snow  loads 
are  minimum  values  for  localities,  where  snow  is  likely  to  occur.  In  severe  climates  these  snow 
loads  should  be  increased  in  accordance  with  the  actual  conditions  existing  in  these  localities." 
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Miniintim  Roof  Loads. — ^Schneider's  specifications  contain  the  following: 

"  In  climates  corresponding  to  that  of  New  York,  ordinary  roofs,  up  to  80  ft.  span,  shall  be 
pro]x>rtioned  to  carry  the  minimum  loads  in  Table  VI,  per  square  foot  of  exposed  surface,  applied 
vertically,  to  provide  for  dead,  wind  and  snow  loads  combined: 

TABLE  VI. 
Minimum  Loads  on  Roofs. 

r  On  boards,  flat  slope,  i  to  6,  or  less 50  lb. 

Gravel  or  Composition  Roofing  •j  On  boards,  steep  slope,  more  than  i  to  6 ±$  " 

I  On  3-in.  flat  tile  or  cinder  concrete 60  " 

Corrugated  sheeting,  on  boards  or  purlins 40  " 

Slate  I  ^^  boards  or  purlins 50  " 

2)iaie  I  Q^  ^-^^  Q^^  ^g  Q^  cinder  concrete 65  " 

Tile,  on  steel  purlins 55  " 

Glass... 45  " 

"For  roofs  in  climates  where  no  snow  is  likely  to  occur,  reduce  the  foregoing  loads  by  10  lb. 
per  sq.  ft.,  but  no  roof  or  any  part  thereof  shall  be  designed  for  less  than  40  lb.  per  sq.  ft." 

LIVE  LOADS  ON  COLUMNS.— Schneider's  specifications  require  that: 

"For  columns,  the  specified  uniform  live  loads  per  square  foot,  Table  IV,  shall  be  used, 
with  a  minimum  of  20,000  lb.  per  column. 

"For  columns  carrying  more  than  five  floors,  these  live  loads  may  be  reduced  as  follows: 

"For  columns  supporting  the  roof  and  top  floor,  no  reduction; 

"For  columns  supporting  each  succeeding  floor,  a  reduction  of  5  per  cent  of  the  total  live 
load  may  be  made  until  50  per  cent  is  reached,  which  reduced  load  shall  be  used  for  the  columns 
supporting  all  remaining  floors.** 

The  Chicago  Building  Ordinance  (19 11)  requires  that  live  loads  on  walls,  columns  and  piers 
be  taken  as  follows: 

"  (a)  The  full  live  load  (see  Table  III)  on  roofs  of  all  buildings  shall  be  taken  on  walls,  piers, 
and  columns. 

"  (b)  The  walls,  piers  and  columns  of  all  buildings  shall  be  designed  to  carry  the  full  dead 
loads  and  not  less  than  the  proportion  of  the  live  load  given  in  Table  Vll. 

TABLE  VII. 

Percentage  of  Live  Load  for  Columns. 

Chicago  Building  Ordinance  (1911). 


Floor. 


17     16     15     14     13      12     II      10      9       8 


16. 
15. 
14- 
13. 
12. 
II. 
10. 

9. 
8. 

I: 

4. 
3. 
2. 
I. 


85  per  cent 

80  85 

75  80 

70  75 

^  ? 

60  65 

55  60 

50  55 

50  so 

50  50 

50  50     50     50 

so  so     so     50 


85 

80 

85 

75 

80 

85 

70 

75 

80 

85 

6S 

70 

75 

80 

60 

65 

7® 

•75 

55 

60 

65 

70 

50 

55 

60 

65 

55 
SO 


85 
80 

75 

.     70  _ 

60     6s  70 

55     60  6s 

50     55  ^ 


so  so  50  50  50 

so  so  50  50  so  so  so  55 

so  so  50  50  50  50  so  50 

50  so  50  50  50  50  50  so 


85 

80  85 

75  80  8s 
75  80 
70  75 
6s  70 
60 
55 
50 


50  so  50  50  50  so  50  50  so 


80 

75 

SS  60 
SO  SS 


60 


85 

80  8s 

75  80  8s 

70  75  80 

6s  70  75 

60  6s  70 


85 

80     8s 

75     90     85 


"(c)  The  proportion  of  the  live  load  on  walls,  piers,  and  columns  on  buildings  more  than 
seventeen  stories  in  height  shall  be  taken  in  same  ratio  as  the  above  table. 

"  (d)  The  entire  dead  load  and  the  percentage  of  live  load  on  basement  columns,  piers  and 
walls  shall  be  taken  in  determining  the  stress  in  foundations.*' 
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LOADS  ON  FOUNDATIONS.— Schneider's  spedfications  require  that: 

"The  live  loads  on  columns  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  areas  of  the  bases  of  the  columns  shall  be  proportioned  for  the  dead  load  only.  That  founda- 
tion which  receives  the  largest  ratio  of  live  to  dead  load  shall  be  selected  and  proportioned  for  the 
combined  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be  divided  by  the  area 
thus  found  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible  working  pressure  to 
be  used  for  the  dead  load  for  all  foundations.'* 

PRBSSURE  ON  FOUNDATIONS.— The  following  allowable  pressures  may  be  used  in 
the  absence  of  definite  datfu  No  important  structure  should  be  built  without  the  making  of 
careful  tests  of  the  bearing  power  of  the  soil  upon  which  it  is  to  rest. 

The  loads  on  foundations  should  not  exceed  the  following  in  tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay • 3 

Hard  clay  and  firm,  coarse  sand 4 

Firm,  coarse  sand  and  gravel 5 

Shale  rock 8 

Hiird  rock.  .1 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  square  foot. 
T^e  Chicago  Building  Ordinance  ( 1 9 1 1 )  requires  that : 

"  ^a)  If-  the  soil  is  a  layer  of  pure  clay  at  least  fifteen  feet  thick,  without  admixture  of  any 
foreign  substance  other  than  gravel  it  shall  not  be  loaded  to  exceied  3,500  lb.  per  sq.  ft.  If  the 
soil  is  4  layer  of  piire  clay  at  least  fifteen  feet  thick  and  is  dry  and  thoroughly  compressed,  it  may  be 
loaded  not  to  exceed  4,500  lb.  per  sq.  ft. 

"  (b)  If  the  soil  is  a  layer  of  firm  sand  fifteen  feet  or  more  in  thickness,  and  without  admixture 
of  clay,  loam  or  other  foreign  substance,  it  shall  not  be  loaded  to  exceed  5,000  lb.  per  sq.  ft. 

"(c)  If  the  soil  is  a  mixture  of  clay  and  sand,  it  shall  not  be  loaded  to  exceed  3,000  lb.  per 
sq.  ft, 

"Foundations  shall  in  all  cases  extend  at  least  four  feet  below  the  surface  of  the  ground 
upon  which  they  are  built,  unless  footings  rest  on  bed  rock." 

PRESSURE  ON  MASONRY.— The  allowable  stresses  in  masonry  and  pressures  of  beams, 
girders,  column  bases,  etc.  on  masonry  as  given  in  Table  VIII  represent  good  practice. 


TABLE  VIII. 
Allowable  Stresses  in  Masonry  and  Pressures  of  Bearing  Plates. 


Kind  of  MaKmry. 

SBfeStnnesUi 

Masonry.  Lb.  per 

Sq.  In. 

Safe  Pressures  of  Walls, 
Plates  and  Columns  on 
Masonry,  Lb.  per  Sq.  In. 

Common  Brick,  Portland  Cement  Mortar 

Hard  burned  brick,  Portland  Cement  Mortar 

Rubble  Masonry,  Portland  Cement  MorUr 

First  Class  Masonry,  Sandstone 

170 
210 

280 
400 
300 
400 
400 
300 

2SO 
300 
250 

600 
400 

First  Class  Masonry,  Crysullizcd  Sandstone 

First  Class  Masonry,  Limestone 

First  Class  Masonry,  Granite 

Portland  Cement  Concrete,  1-2-4 

Portland  Cement  Concrete,  I-3-S 

BEARING  POWER  OF  PELBS.— The  maximum  load  carried  by  a  pile  should  not  exceed 
40,000  lb.  Piles  should  be  driven  not  less  than  10  ft.  in  hard  material,  nor  less  than  20  ft.  in  soft 
material  if  the  pile  is  to  be  loaded  to  full  bearing.  The  safe  load  should  not  exceed  that  given  by 
the  Engineering  News  formula  (i),  Chapter  XIV. 

THICKNESS  OF  WALLS.— The  minimum  thickness  of  curtain  walls  in  steel  skeleton 
buildings  should  be  12  in.  for  brick  or  concrete  and  8  in.  for  reinforced  concrete. 
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Schneider's  specifications  give  the  following  empirical  rule  for  calculating  the  thickness  of 
walls  in  buildings  several  stories  in  height. 

"The  mininmm  thickness  of  walls  will  be  given  by  the  formula 

where  /  »  minimum  thickness  of  wall  in  inches,  L  »  unsupported  length  in  feet,  which  shall  be 
assumed  as  not  less  than  24  ft. ;  and  Hu  Ht,  H9,  etc.  the  heights  of  stories  in  feet  beginning  at  the 
top.     Cellar  walls  are  to  be  4  in.  thicker  than  the  first  story  walls.*' 

The  Chicago  Building  Ordinance  (191 1)  contains  the  following: 

"(a)  Brick,  stone,  and  solid  concrete  walls,  except  as  otherwise  provided,  shall  be  of  the 
thickness  in  inches  indicated  in  the  following  table:" 

Thickness  of  Walls. 
Chicago  Building  Ordinance  (191 1). 


Basement. 


Stories. 


One-story . . . 
Two-story. . . 
Three-story. . 
Four-story. . . 
Five-story. . . 
Six-story . . . . 
Seven-story. . 
Eight-story. . 
Nine-«tory. . , 
Ten-story . . . 
Eleven-story. 
Twelve-story 


12 
16 
16 
20 

24 
^4 
H 
28 
28 
28 
32 


12 
12 
16 
20 
20 
20 
20 
H 
24 
28 
28 
28 


12 
12 
16 
20 
20 
20 
24 
24 
28 
28 
28 


12 
16 
16 
20 
20 
20 
H 
H 
H 
28 


12 
16 
16 
20 
20 
20 
24 

24 


16 
16 
16 
20 
20 
H 
24 
24 


16 
16 
16 
20 
20 
20 
24 


16 
16 
16 
20 
20 
20 


16 
16 
20 
20. 
20 


j6 
16 
16 
20 


16 
16 
16 


16 
16 


16 


WATBRPROOFING.— For  methods  of  waterproofing  walls,  floors,  etc.,  see  methods  of 
waterproofing  bridge  floors  in  Chapter  IV. 

CALCULATION  OF  WIND  LOAD  STRSSSES.— (i)  The  wind  load  on  the  sides  of  the 
steel  frame  in  a  building  in  which  the  wind  bracing  is  all  in  the  outside  walls  of  the  building  will 
be  carried  to  the  ends  of  the  building  by  means  of  bracing  in  the  plane  of  each  floor  or  by  the  floor 
slabs  where  the  floors  are  made  of  reinforced  concrete,  and  the  loads  will  then  be  transferred  to 
the  foundations  by  means  of  bracing  in  the  planes  of  the  ends  of  the  building.  In  calculating  the 
stresses  in  the  bracing  in  the  end  panels  it  is  usual  to  assume  that  the  wind  load  carried  by  each 
braced  bent,  consisting  of  two  columns,  together  with  the  floor  girders  and  wind  bracing,  is  equal 
to  the  total  wind  load  divided  by  the  number  of  braced  panels  in  the  plane.  This  was  the  method 
used  in  calculating  the  stresses  in  the  Singer  Tower,  New  York.  (2)  As  usually  constructed  the 
interior  columns  have  brackets  and  only  part  of  the  wind  load  will  be  transferred  to  the  ends  or 
sides  of  the  building,  the  remainder  of  the  wind  load  will  be  transferred  to  the  foundations  by 
portal  action  and  flexure  in  the  columns  and  beams.  It  is  not  possible  to  determine  the  proportion 
of  the  wind  load  that  will  be  taken  by  the  main  framework  and  by  the  ends  of  the  building,  as  the 
stresses  in  the  framework  are  statically  indeterminate.  During  erection  and  before  the  floors 
have  been  put  in  place,  or  with  types  of  floors  which  do  not  increase  the  rigidity  of  the  building  in 
horizontal  planes,  the  wind  loads  will  all  be  taken  by  the  framework  normal  to  the  side  of  the 
building  upon  which  the  wind  blows.  This  wind  load  b  commonly  taken  as  30  lb.  per  sq.  ft.  of 
all  framework  exposed.  When  rigid  floors  have  been  put  in  place  and  the  building  b  completed 
the  wind  load  will  be  taken  by  the  end  transverse  frames  and  the  intermediate  transverse  frames^ 
in  proportion  to  the  relative  rigidity  of  the  two  frameworks.  In  a  long  narrow  building  with 
efficient  wind  bracing  in  the  intermediate  frameworic^  practically  all  the  wind  load  will  be  taken 
directly  to  the  foundations  by  the  transverse  intermediate  bents;  while  in  the  direction  of  the 
length  of  the  building,  practically  all  the  wind  load  will  be  carried  by  the  bracing  in  the  sides  of 
the  building.    For  a  building  as  k>ng  as  wide  with  rigid  floon  and  efficient  transverse  framework 
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and  efficient  wind  bracing  in  the  ends  and  sides  of  the  building,  it  would  appear  reasonable  to 
assume  that  in  the  completed  building  one-half  the  wind  load  will  be  taken  by  the  intermediate 
transverse  framework,  and  one-half  will  be  transferred  by  means  of  the  floors  to  the  ends  of  the 
building  and  then  transferred  to  the  foundations  by  means  of  wind  bracing  in  the  ends  of  the 
building.  The  author's  specifications  permit  reinforced  concrete  floors  to  be  considered  as  assisting 
in  transferring  wind  loads  in  finished  buildings,  but  most  specifications  require  that  the  steel 
framework  be  required  to  carry  all  the  wind  loads  in  the  completed  structure. 

The  transverse  intermediate  framework  usually  consists  of  columns  and  floor  girders,  in 
which  the  floor  girders  have  brackets  or  knee  braces  at  the  ends  to  increase  the  rigidity  of  the 
framework.  It  will  be  seen  that  it  is  not  only  impossible  to  calculate  the  amount  of  wind  load 
that  is  taken  by  each  intermediate  transverse  framework,  but  that  the  intermediate  transverse 
framework  is  itself  statically  indeterminate.  In  addition  to  being  statically  indeterminate  it  is 
not  possible  to  determine  the  sizes  of  the  columns  and  floor  girders  until  after  the  wind  stresses 
are  determined.  AA^th  a  given  framework  in  which  the  sizes  of  the  members  and  the  loads  are 
given  the  stresses  may  be  calculated  by  taking  into  account  the  deformations  of  the  structure  or 
by  the  "Theory  of  Least  Work."  From  the  above  ft  can  easily  be  seen  that  an  exact  solution  of 
the  wind  stresses  in  a  tall  steel  frame  building  is  impracticable  and  that  an  approximate  practical 
solution  must  be  used.  Three  approximate  methods  for  calculating  the  wind  stresses  in  tall 
steel  frame  buildings  are  described  by  Mr.  R.  Fleming  in  Eng.  News,  March  13,  191 3.  The  third 
method  described  by  Mr.  Fleming,  and  known  as  the  **  Continuous  Portal  Method,"  follows  the 
method  of  the  continuous  portal  given  in  the  author's  "  Design  of  Steel  Mill  Buildings"  and  is  the 
method  in  most  common  use.  This  method  will  now  be  described  and  some  of  its  limitations 
will  be  shown. 

Problem. — ^A  transverse  intermediate  frame  bent  consisting  of  four  columns  with  bracketed 
floor  girders  will  be  taken  as  in  Fig.  i.  The  wind  loads  are  assumed  as  acting  in  the  planes  of  the 
floors  as  shown.  It  will  be  assumed:  (i)  That  the  framework  is  rigid,  that  is  the  columns  and 
floor  girders  do  not  change  their  lengths.  (2)  That  each  of  the  four  columns  takes  one-fourth 
of  the  shear.  (3)  That  the  points  of  contra-flexure  in  the  columns  are  midway  between  the  floors. 
(4)  That  the  vertical  components  of  the  stresses  in  the  columns  vary  as  the  distance  from  the 
center  of  the  bmlding,  or  center  of  gravity  of  the  columns. 

The  shear  in  each  column  between  the  6th  floor  and  the  roof  will  be  1,000  lb.  The  shear  in 
each  column  between  the  5th  and  6th  floors  will  be  2,500  lb.  The  shear  in  each  column  between 
the  4th  and  5th  floors  will  be  4,000  lb.  The  shears  in  the  other  columns  are  shown  in  Fig.  i. 
The  bending  moments  at  the  tops  of  each  column  between  the  6th  floor  and  the  roof  is  M  *= 
+  1,000  lb.  X  6  ft.  *  +  6,000  ft.-lb.  To  calculate  the  vertical  stresses  in  the  columns  in  the  top 
story  take  moments  about  a  plane  cutting  the  columns  in  the  points  of  contra-flexure.  Then 
since  the  stresses  vary  as  the  distance  from  the  center  of  the  building, 

Vi  X  24  ft.  +  7,  X  8  ft.  -  7,  X  8  ft.  -  7«  X  24  ft. 

«=  4,000  lb.  X  6  ft. 

«=  24,000  ft.-lb. 
Now 

Fi=  -  7«  =  3T^i=  -37., 
and 

7i(3  X  24  +  8  +  8  +  3  X  24)  ft.  =  24,000  ft.-lb 

^•  =  ^lS^^^-"^50lb. --7, 

Vi  =  450  lb.  =  -  74. 

The  bending  moment  in  the  floor  girder  at  the  top  of  column  No.  i  must  be  if  «  —  6,000 
ft-lb.,  and  will  be  equal  to  the  vertical  stress  in  column  No.  i  multiplied  by  the  distance  to  the 
point  of  contra-flexure.    The  point  of  contia-flexure  in  floor  girder  2-3  will  be  at  the  center  of 
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tiie  panel,  wfaik  the  point  of  contra<flexiire  in  floor  girder  3-4  will  be  13  ft.  4  in.  from  column 
No.  4.  The  bending  moments  at  the  top  of  column  No.  2  will  be  Mi  »  +  6,000  ft.-lb.;  in  the 
Tight  end  of  floor  girder  1-2  will  be  Mi^  =  —  450  lb.  X  2  ft.  8  in.  =  —  1,200  ft.-lb.;  in  the  left 
end  of  floor  gitdcr  ^-3  will  be  Afa-a  ~  —  600  lb.  X  8  ft.  =  —  4,800  ft.-lb.  It  will  be  seen  that 
tlie  sum  of  the  bending  moments  equals  zero  and  the  point  is  in  equilibrium.  The  bending 
moments  at  the  tops  of  colunms  No.  3  and  No.  4  are  calculated  in  the  same  manner.  The  direct 
stress  in  floor  girder  3-4  is  4,500  lb.,  in  floor  girder  2-3  is  3,000  lb.,  and  in  floor  girder  1-2  is  i  ,500  lb. 

In  the  plane  of  the  6th  flcK>r  the  bending  moments  at  the  foot  of  the  columns  between  the 
6th  floor  and  the  roof  will  be  ilf  <=  -f  6«ooo  ft.-lb.,  while  the  bending  moments  in  the  columns 
below  the  6th  floor  will  h^  M  -  2,500  lb*  X  6  ft.  «=  +  15,000  f t.-lb.  The  bending  moments  in  the 
floor  girders  are  calculated  as  for  the  roof  girders.  It  will  be  seen  that  the  sum  of  the  bending 
mcmieitts  at  each  interaection  of  columns  and  floor  girders  equals  jsero  and  the  structure  is  in 
static  equHibrinm.  The  remainder  of  the  vertical  stresses,  honsontal  stresees  and  bending 
moments  are  easily  calculated  in  the  same  manner. 

Udaaimiatm.  of  Method. — ^When  the  transverse  framework  consists  of  more  than  four  bays 
(Ave  columns)  the  solution  above  locates  the  point  of  contra-flexure  of  the  leeward  floor  girder 
in  the  second  panel,  and  the  method  fails,  as  the  point  of  contra^flexure  in  the  girder  must  not 
fall  ootside  of  the  girder.     For  a  wide  building  the  shears  cannot  he  taken  equal. 

]>isttilnition  of  Shears. — In  the  above  solution  it  is  assumed  that  the  shear  is  taken  equally 
by  the  columns.  If  the  columns  do  not  have  the  same  cross-section  this  assumption  will  not  be 
correct.  If  the  columns  do  not  have  the  same  cross-section  the  condition  that  the  deflection  of 
the  points  of  contra-flexure  in  each  story  are  equal  will  require  that  the  shears  in  the  columns 
be  in  proportion  to  the  moments  of  inertia  of  the  cross-sections  of  the  columns. 

For  buildings  having  a.greater  width  than  four  bays  the  most  consistent  method  is  to  calcu- 
late the  shear  in  the  outside  columns  so  that  the  points  of  contra-flexure  in  the  floor  girders  will 
not  fall  outside  the  girder,  the  remainder  of  the  shear  being  equally  divided  among  the  inside 
columns. 

jQXOWABLE  SXBBSSBS. — ^The  allowable  stresses  in  the  steel  framework  of  high  buildings 
should  be  taken  the  same  as  for  steel  frame  buildings  in  Chapter  I.  It  is  usual  to  add  25  per  cent 
to  the  live  load  stresses  due  to  cranes  and  vibrating  machinery  to  provide  for  impact. 

rifii»fffl'''^ir"  id  CemmeMion  Femutlas. — The  standard  formula  for  the  design  of  compression 
members  adopted  by  the  Am.  Ry.  £ng.  Assoc.,  is  used  by  the  author  in  his  "Specifications  for 
Steel  Frame  Buildings**  in  Chapter  I,  and  by  the  building  ordinance  of  Chicago.  The  A.  R.  £.  A. 
formula  is 

P  ^  16,000  —  70^/r  (i) 

where  P  =  unit  stress  in  lb.  per  sq.  in.;  Z  =  length  and  r  «=  least  radius  of  gyration  of  the  column 
in  inches.    The  maximum  value  of  P  is  taken  as  14,000  lb. 

The  American  Bridge  Cmofaaj^s  FonmiU. — The  American  Bridge  Company  has  adopted 
the  following  formula  for  the  design  of  compresuon  members. 

Axial  compression  of  gross  sections  of  columns,  for 

ratio  of  l/r  up  to  120 19,000  —  lool/r 

with  a  maximum  of 13,000 


Satk). 

Amount. 

Ratio. 

Amount. 

60 

13000 

130 

6500 

70 

12000 

140 
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60 
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90 

lOOOO 

160 
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8000 
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4000 

120 

7000 

190 

3500 
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where  /  »  effective  length  of  members  in  inches, 

f  s  corresponding  radius  of  gyration  of  section  in  inches. 

For  ratios  of  l/r  up  to  120,  and  for  greater  ratios  up  to  200,  use  the  amounts  given  in  the 
preceding  table.     For  intermediate  ratios,  use  proportional  amounts. 

A  comparison  of  several  compression  formulas  is  given  in  Table  IX. 


TABLE  IX. 

Comparison  of  Compkession  Formulas. 

Allowable  Unit  Stresses  in  Pounds  per  Square  Inch. 

American  Bridge  Company. 


a.  R.  E.  AM'n. 

Chicago. 

Govdon. 

New  York. 

Boitoa. 

. 

.  Ketcbum. 

_ 

A.B.  Co. 

r 

16,000-70  — 

12,500 

1 

16,350 

X6.000 

II    *"   * 

15^00-58-. 

II  ^     ' 

II    ^       ' 

14,000  max. 

'  36.0001* 

*  •  II.000I« 

'  '  ao.oooi« 

0 

13  000 

14  000 

12  500 

IS  200 

16  250 

16  000 

^ 

13  000 

14  000 

12  490 

14  910 

16  215 

15  980 

10 

13  000 

14  000 

12  460 

14  620 

16  100 

IS  920 

If) 

13  000 

14  000 

12  420 

14  330 

15  925 

IS  820 

20 

13  000 

14  000 

12  365 

14040 

15  680 

15.690 

25 

13  000 

14  000 

12  285 

13  750 

15  375 

15  515 

30 

13  000 

13  900 

12  195 

13  4^ 

IS  020 

15  310 

35 

13  000 

13  550 

12  090 

13  170 

I4  620 

15  07s 

40 

13  000 

13  200 

II  970 

12  880 

14  i8s 

14  81S 

4!) 

13  000 

12  850 

II  835 

12  590 

13  725 

-  14  530 

SO 

13  000 

12  500 

II  690 

12  300 

13  240 

14  220 

55 

13  000 

12  150 

II  530 

12  010 

12  745 

13  900 

60 

13  000 

II  800 

II  365 

II  720 

12  240 

13  560 

65 

12  500 

II  450 

II  185 

II  430 

II  740 

13  210 

70 

12  000 

II  100 

II  000 

II  140 

II  240 

12  8so 

75 

II  500 

10750 

10  810 

10  850 

10  750 

12490 

80 

II  000 

10  400 

ID  615 

10  560 

10  275 

12  120 

85 

10  500 

10  050 

10  410 

10  270 

9  810 

II  755 

90 

10  000 

9  700 

10  205 

9980 

9  360 

II  390 

95 

9  500 

9  350 

9  995 

9  690 

8  930 

II  02S 
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9  000 

9  000 

9785 

9  400 

8  sio 

10  670 

IO«J 

8  500 

8  650 

9  570 

2i'° 

8  IIS 

10  315 

no 
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8  820 
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9  970 

"5 

7  500 

7  950 

9  140 

8  530 

7  380 

9630 

120 

7  000 

7  6co 

8  930 

8  240 

7035 

9  300 

1*5 

6750 

7  250 

8  715 

6715 

130 

6  SCO 

6  900 

8  510 

6405 
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6550 
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6  IIS 
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6  000 

6  200 

809s 
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5  750 

5  850 

7  890 
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5  500 
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155 

5  250 
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5  000 

7  30s 
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4  500 
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180 
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Table  IX. — ComtmMed. 


NaoKofFbmik. 

Abbreviatioiu 

Bncing  Strata. 

American  Bridgr  Company 

A.  B. 
A.  R.  £.  A. 
C 
K. 
G. 
N.Y. 
P. 
B. 

I20 
lOO 
ISO 
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Fig.  2.    Floor  Plan  of  Steel  Office  Building. 
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Fig.  4.    Cast  Iron  Separators  for  Beams  and  Channels. 

American  Bridge  Company. 

(For  details  of  bepaiators  for  Bethlehem  beams,  see  Part  II.) 
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THnVtTER  OF  n&iJIBWDBK.— TJbe  fsnewetk  of  &  steel  akeleton  buiidaig  cooasts  of 
fljuurfacams  and  flcxir  jiifdcrs  wMch  carry-  the  floor  loads  to  tke  colunuis,  of  coiiiinns  which  carry' 
the  ioads  to  the  fcanxiatiaBs  msxi  of  fcBodatiaDs  wMch  tsajisler  the  loads  to  the  oarth ;  the  rN^imng 
are  btaoed  tEsasveraei^'  and  kiqgitiidtiiaiiy  by-  wind  btadi^  and  by  laeaas  of  the  floor  girders, 
and  the  roof  is  carried  on  traaaes  or  on  roof  beams  or  purlins.  There  is  in  addition  mificellaiieous 
framing  to  carry  the  outside  walls  and  the  cornice,  aisd  the  hasusig  aiXMind  elevators,  etc.  For 
arff4t»4iinai  detttls.  oee  Chapter  XII,  Srmrtmal  Dxafting. 


NOTE'^^Fijaresm   ^  denote  sheet  mfmbers. 


Fig.  6.    Column  Schbdijle. 

Floor  Flan. — The  floor  is  carried  on  floorbeams  to  the  floor  girders  and  by  the  floor  girders 
to  the  columns.  A  detail  plan  of  a  section  of  a  floor  plan  of  a  ateel  skeleton  building  is  shown  in 
Fig.  2.    The  floorbeams,  girders  and  columns  are  numbered  as  shown. 

Details  of  floorbeams  for  an  eight  story  steel  office  building  are  given  in  Fig.  3.  For  addi- 
tional details  of  tolled  beams  and  bracing,  aee  Chapter  XII.  Details  of  cast  aepeiators  are  given 
in  Fig.  4. 

Cnhnwis. — ^Details  of  steel  oc^unms  that  are  commonly  used  in  steel  skeleton  buildings  arc 
given  in  Fig.  5.    The  built-H  columns  made  of  4  angles  and  i  plate  or  of  4  angles  and  t  nr  e  nlates 
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Fig.  13.    Cast  Iron  Column  Bases.    Ambeican  Bridge  Company. 
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as  given  in  (i)  and  (2)  are  the  most  satisfactory  columns  for  usual  conditions.  The  Bethlehem 
H  columns  in  (11)  and  (12)  make  very  satisfactory  columns.  While  the  Bethlehem  H  columns 
require  the  driving  of  less  rivets  than  are  required  to  fabricate  built-H  columns,  the  extra  cost 
required  to  drill  from  the  solid  in  heavy  Bethlehem  H  columns  makes  the  final  cost  of  the  two 
types  of  columns  practically  the  same  for  average  conditions.  Columns  made  of  two  channels 
laced  are  deficient  in  lateral  rigidity  and  should  only  be  used  for  light  loads.  Z-bars  are  difficult 
to  obtain  from  the  rolling  mill  and  Z-bar  columns  should  not  be  used  unless  it  is  known  that 
Z-bars  can  be  obtained.    Additional  sections  are  given  in  Fig.  14. 

Colnnm  Schedule. — ^A  column  schedule  should  be  prepared  as  in  Fig.  6.  The  column  schedule 
should  give  the  length,  area  of  cross-section  and  the  composition  of  every  column  in  the  building. 
For  the  use  of  the  shop  draftsmen  the  dead  load,  wind  load  and  eccentric  stresses  should  be  given 
for  each  column. 

Colnnm  Details. — ^Standard  details  for  channel  columns  and  for  plate  and  angle  columns  are 
given  in  Fig.  7.  Details  of  channel  columns  are  given  in  Fig.  8.  Details  of  plate  and  angle 
columns  are  given  in  Fig.  9  and  Fig.  10.  Details  of  column  splices  are  given  in  Fig.  1 1  and  Fig.  12. 
Details  of  a  column  used  in  the  Singer  Building  are  shown  in  Fig.  27. 

Coliimn  Bases. — Details  of  cast  iron  column  bases  as  designed  by  the  American  Bridge 
Company  are  given  in  Fig.  13  and  Fig.  14.    Intermediate  sizes  may  be  obtained  by  interpolation. 


Fig.  15.    Cast  Steel  Base. 
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Fig.  16.    Built  Steel  Column  Base. 


Details  of  a  cast  steel  column  base  used  in  the  Singer  Building  are  shown  in  Fig.  15.  Details 
of  a  built  steel  column  base  designed  by  Mr.  E.  W.  Stem,  Consulting  Engineer,  are  shown  in  Fig.  16 
Mr.  Stem  considers  the  built  steel  column  base  as  cheaper  and  more  reliable  than  a  cast  steel 
base;  and  cheaper  and  very  much  more  reliable  than  a  cast  iron  base.  In  addition  the  base  is 
easily  set  and  readily  grouted.  After  setting,  the  base  is  grouted  with  i  to  2  Portland  cement 
mortar.     Bases  of  this  design  have  been  used  for  loads  up  to  1,600  tons. 

Anchors. — Details  of  anchors  are  given  in  Fig.  17.  Anchors  for  columns  in  tall  buildings 
should  be  calculated  for  the  actual  conditions. 

FOUNDATIONS.— The  foundation  for  a  tall  building  will  depend  upon  the  height  of  the 
stmcture,  the  total  load  on  the  foundation,  the  character  of  the  soU,  and  the  requirements  of  the 
design  and  may  be  briefly  described  as  follows. 

(i)  Ordinary  wall  or  pier  foundations  built  on  the  natural  soil. 

(2)  Walls  and  columns  supported  by  timber  grillage  resting  on  the  soil. 

(3)  Walls  and  columns  supported  on  grillages  made  of  steel  beams  or  bars  encased  in  concrete 
and  resting  on  the  soil. 

(4)  Piles  of  timber  or  concrete  driven  to  rock  or  to  a  sufficient  depth  to  carry  the  loads  without 
settlement. 

(5)  Caissons  as  constructed  in  Chicago  by  excavating  in  an  open  well  or  shafts  curbing  it 
with  timber,  and  then  filling  the  well  with  concrete. 

(6)  Caissons  as  constructed  in  New  York  by  sinking  steel  cylinders,  or  steel  and  timber 
caissons,  or  reinforced  concrete  caissons,  usually  by  the  pneumatic  process  and  filling  the  shaft 
with  concrete.    The  first  type  of  foundation,  where  the  soil  b  compressible,  can  only  be  used  for 
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American  Bridge  Coufany. 
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buildings  of  four  to  six  stories,  but  may  be  used  for  buildings  of  twelve  to  fifteen  stories  where  the 
supporting  power  of  the  soil  is  considerable  as  in  Denver.  With  high  buildings  the  footings 
become  so  large  as  to  be  very  expensive  and  also  encroach  upon  the  basement  area. 

Timber  grillage  and  timber  piles  must  be  kept  permanently  wet  or  the  life  of  the  foundation 
will  be  very  short.  Many  of  the  early  tall  buildings  in  Chicago  were  carried  on  timber  grillages 
and  on  timber  piles,  but  the  settlement  of  the  structures  was  so  great  that  the  method  was  aban- 
doned for  the  method  of  concrete  wells. 

Steel  grillage  foundations  have  been  much  used  for  high  buildings.  With  steel  grillage  the 
foundations  may  be  made  very  shallow  so  that  the  basement  is  not  encroached  upon. 


BrodtatBd 
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Brocket  B  20 


Fig.  21.    Details  of  Wind  Bracing  in  United  Fire  Company's  Building. 
(Eng.  Record,  Dec  9,  191 1.) 

tn  cities  like  Chicago  and  New  York  where  real  estate  is  so  valuable  that  basements  are 
often  made  three  or  four  stories  in  depth,  and  where  nearby  disturbances  due  to  excavations  and 
tunneling  would  cause  settlement  it  has  been  found  necessary  to  carry  the  foundations  to  rock 
by  means  of  wells  or  pneumatic  caissons.  In  Chicago  the  wells  commonly  vary  from  5  ft.  to 
12  ft.  in  diameter  and  are  sunk  in  the  open  and  are  lined  with  timber  curbing.  After  bed  rock  is 
reached  the  well  is  filled  with  concrete. 

For  a  description  of  the  sinking  of  the  foundations  for  buildings  in  New  York  City,  see  a  paper 
entitled  "Foundations  for  the  New  Singer  Building,  New  York  City"  by  Mr.  T.  Kennard  Thom- 
son, Consulting  Engineer,  in  Trans.  Am.  Soc.  C.  E.,  Vol.  63,  June,  1909. 

SPACING  OF  COLUMNS. — ^The  spacing  of  columns  in  steel  frame  buildings  varies  from 
about  1 1  ft.  to  24  ft.,  depending  upon  the  height  of  the  building,  the  floor  loads,  the  type  of  floor 
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and  other  conditions.  For  buildings  a  few  stories  in  height  it  is  economical  to  space  the  columns 
closely  together,  while  in  high  buildings  a  spacing  of  i6  ft.  to  20  ft.  will  commonly  be  found  eco- 
nomical. The  columns  in  the  Singer  Tower  in  Fig.  22  were  spaced  12  ft.  centers;  the  columns  in 
the  Guaranty  Trust  Company's  New  York  Building,  162  ft.  high  were  spaced  about  16  ft.  by  16 
ft.  and  21  ft.  6  in.  by  19  ft.  9  in.;  the  columns  in  the  Woolworth  Building,  New  York,  were  spaced 
at  distances  varying  from  18  ft.  6  in.  by  18  ft.  6  in.  in  the  main  part  to  a  maximum  of  28  ft.  by 
28  ft.  in  the  tower. 
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Fig.  22.    Typical  Floor  Plan  of  Singer  Tower. 


FLOOR  PAITELS. — ^For  the  long  span  system,  floor  girders  connect  the  columns  forming  a 
square  or  rectangle,  the  floor  slabs  being  supported  on  the  floor  girders.  For  the  short  span 
system,  floorbeams  are  carried  by  the  floor  girders  and  the  spans  for  the  flooring  are  reduced.  The 
spacing  of  the  floorbeams  will  depend  upon  the  type  of  floor,  but  it  will  commonly  be  found  eco- 
nomical to  use  an  even  number  of  floorbeams  giving  an  odd  number  of  short  spans  in  each  panel. 
A  common  arrangement  is  to  use  two  floorbeams  which  divide  each  panel  into  three  short  spans. 
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SPANDREL  SECTIONS.— The  desigii  of  the  curtain  walls  that  are  supported  by  the  spandrel 
beams  will  depend  upon  the  material  of  which  the  wall  is  built,  the  amount  and  character  of  the 
ornamentation,  and  the  details  of  the  windows.  The  details  of  the  wall  construction  in  the 
United  Fire  Company's  Building,  New  York,  are  given  in  Fig.  i8.  The  spandrel  masonry  is  carried 
by  the  wall  girders  and  by  horizontal  angles  bracketed  from  their  outer  faces.  The  angles  in  the 
outer  flanges  of  the  wall  girders  are  often  wider  than  those  in  the  inner  flanges  to  give  additional 
support  to  the  masonry,  and  both  they  and  the  detached  spandrel  angles  have  holes  through  their 
horizontal  flanges  to  receive  vertical  expansion  and  wedge  bolts  to  hold  the  stone  or  terra- 
cotta.   The  mullions  over  the  windows  are  made  of  3  in.  by  4  in.  tees. 

,^ DatmUm ^_ 
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Fig.  23.    Foundation  Plan  of  Singer  Building. 


The  details  of  the  spandrel  walls  should  be  worked  out  by  the  architect  and  the  engineer 
working  together  if  the  best  results  are  to  be  obtained. 

WIND  BRACING. — ^The  arrangement  of  the  wind  bracing  in  a  steel  frame  building  will 
depend  upon  the  size  and  height  of  the  building,  upon  the  arrangement  of  the  columns  and  the 
space  that  may  be  occupied  by  the  wind  bracing.  Several  types  of  wind  bracing  are  shown  in 
Fig.  19.  Where  space  permiU  the  diagonal  bracing  is  the  most  effective.  Diagonal  bracing  can 
only  be  used  in  solid  walls  or  partitions.  Knee  braces  (b)  and  portal  bracing  (c),  can  be  used 
in  outside  walls  where  there  is  sufficient  space  above  and  below  windows.  Brackets  (d)  are 
used  where  the  vertical  clearance  is  limited  and  in  wind  bracing  transversely  through  the  building. 
Details  of  wind  bracing  of  the  United  Fire  Company's  Building,  New  York,  are  given  in  Fig.  20 
and  Fig.  21.  The  building  is  130  ft.  6  in.  by  173  ft.  6  in.  in  plan  and  25  stories  in  height.  The 
columns  are  of  Bethlehem  H  sections  two  stories  in  height.  The  floor  panels  are  chiefly  15  ft. 
6  in.  by  24  ft.  3  in.    The  columns  rest  on  grillages  which  rest  on  pneumatic  piers. 

Details  of  the  wind  bracing  in  the  Singer  Building  are  given  in  Fig.  24,  Fig.  25,  and  Fig.  26. 


SINGER  BUILDING. 


101 


SINGER  BUILDING.* — ^The  Singer  Building  consists  of  a  main  portion  approximately  75  ft.  by 
1 16  ft.  in  plan  and  14  stories  high,  and  a  tower  60  ft.  by  60  ft.  in  plan  and  41  stories  high  with  a 
four  tier  lantern  which  rises  to  a  total  height  of  612  ft.    The  building  is  of  skeleton  steel  con- 
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Fig.  24.    Diagram  of  Wind  Bracing,  Singer  Building. 

stniction,  fireproofed  with  terra-cotta  tiling  and  provided  with  terra-cotta  floor  systems  surfaced 
with  cement.  The  columns  are  carried  on  concrete  footings  sunk  by  the  pneumatic  process  to  a 
depth  of  90  feet.    The  columns  are  spaced  12  ft.  centers  and  are  connected  at  eight  angles  by 

♦  Engineering  News,  Vol.  58,  pp.  595  to  598. 
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Fig.  25.    Plan  of  Wind  Bracing, 
Singer  Building. 
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Fig.  26.    Details  or  Wind  Bracing, 
Singes  BuiLDnfa 
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girders  and  floorbeams.  A  typical  floor  plan  of  the  tower  is  shown  in  Fig.  22.  The  columns  are 
made  of  two  channels,  reinforced  with  plates  where  necessary.  Details  of  a  typical  column  are 
shown  in  Fig.  27.  The  wind  bracing  ot  the  steel  frame  is  shown  in  Fig.  2±,  A  plan  of  the  wind 
bracing  in  the  tower  is  shown  in  Fig.  25.  The  panels  that  have  heavy  full  lines  were  wind  braced 
to  the  33d  story  on  the  exterior  and  to  the  36tn  story  on  the  interior.  Heavy  dotted  lines  indi- 
cate wind  bracing  to  the  14th  story.  Fine  lines  indicate  no  diagonal  bracine.  Circles  on  diagonal 
intersections  represent  anchor  bolts.  In  designing  the  bracing  the  loads  were  distributed  as 
follows: — It  will  be  noticed  that  in  a  north  and  south  direction  there  are  1 1  lines  of  wind  bracing 
in  the  tower,  nearly  symmetrically  placed.  It  was  therefore  assumed  that  on  each  story  each 
line  of  X-bracing  took  ^  of  the  total  wind  pressure  of  30  lb.  per  sq.  ft.  The  loads  on  the  bracing 
in  an  east  and  west  direction  were  distributed  in  a  similar  manner.  The  details  of  the  X-bracing 
?re  shown  in  Fig.  26.  Each  of  the  12  ft.  square  towers  was  assumed  to  act  independently  and 
L^e  uplift  of  the  columns  was  provided  for. 
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1.  Desijgii. — In  all  steel  frame  or  skeleton  buildings  the  stresses  due  to  external  and  internal 
loads  and  wind  stresses  shall  be  transmitted  to  the  foundation  by  the  steel  framework,  no  reliance 
being  placed  on  the  strength  of  the  walls  and  partitions.  Beams  and  girders  shall  have  riveted 
connections  to  the  steel  columns.  All  columns  shall  be  of  structural  steel  with  their  diflPerent 
parts  riveted  together  and  shall  be  riveted  to  the  beams  and  girders  connecting  to  them. 

2.  LOADS. — ^The  structure  shall  be  designed  to  carry  the  following  loads. 

3.  Dead  Loads. — ^The  dead  load  shall  consist  of  the  weight  of  all  permanent  construction 
and  fixtures,  such  as  walls,  roofs,  interior  partitions,  and  fixed  or  permanent  appliances.  The 
weights  of  different  materials  shall  be  assumed  as  given  in  Table  I.  The  minimum  weight  of 
fireproof  floors  to  be  assumed  in  designing  the  floor  system  shall  be  75  lb.  per  sq.  ft.  The  actual 
weight  of  floors  shall  be  used  in  designing  columns.  The  minimum  weight  of  movable  partitions 
shall  be  taken  as  10  lb.  per  sq.  ft. 

4.  Live  Loads. — ^The  live  load  shall  consist  of  movable  loads  and  loads  due  to  machinery 
and  other  appliances. 

The  live  loads  required  by  Schneider's  specifications  and  given  in  Table  IV  shall  be  used 
for  the  different  classes  of  buildings.  The  maximum  stresses  due  to  any  one  of  the  three  systems 
of  loads  shall  be  used  in  the  design.  Floor  slabs  for  office  buildings  may  be  designed  for  a  uniform 
load  equal  to  twice  the  distributed  load  given  in  the  second  column  of  Table  IV,  and  the  effect 
of  the  concentrated  load  may  be  neglected.  The  concentrated  load  and  load  per  linear  foot  of 
girder  shall  be  considered  in  the  design  of  all  beams  and  girders.  Flat  roofs  of  office  buildings, 
hotels,  etc  that  can  be  loaded  by  crowds  of  people  shall  be  designed  as  the  floors. 

5.  Impact — For  structures  carrying  traveling  machinery  such  as  cranes  or  conveyors,  or 
machinery  such  as  printing  presses,  2^  per  cent  sl^ll  be  added  to  the  stresses  resulting  from  live 
load  to  provide  for  imptact  and  vibrations. 

6.  Snow  Loads. — ^The  snow  loads  on  roofs  shall  be  taken  the  same  as  for  steel  frame  mill 
buildings.  Fig.  i,  Chapter  I. 

7.  wind  Loads. — ^All  structures  shall  be  designed  to  resist  the  horizontal  wind  pressure  on 
the  surface  exposed  above  surrounding  buildings  as  follows. 

a.  The  wind  pressure  on  roofs  shall  be  taken  as  the  normal  component,  calculated  by  Duchem- 
in's  formula.  Fig.  3,  Chapter  I,  of  30  lb.  per  square  foot  on  the  vertical  projection  of  the  roof. 

b.  The  wind  pressure  on  the  sides  and  ends  of  buildings  except  as  otherwise  provided  in  the 
following  paragraph  shall  be  assumed  as  20  lb.  per  square  foot  acting  in  any  direction  horizontally. 

c.  In  designing  the  steel  or  reinforced  concrete  framework  of  fireproof  buildings  the  frame- 
work shall  be  ciesigned  to  resist  a  wind  pressure  of  30  lb.  per  square  foot  acting  on  the  total  exposed 
surface  of  all  parts  com[>osing  the  framework  or  a  horizontal  wind  pressure  of  20  lb.  per  square 
foot  acting  in  any  direction  horizontally  on  the  sides  and  ends  of  the  completed  building.  The 
strength  of  reinforced  concrete  floors  may  be  considered  in  calculating  the  strength  of  the  frame- 
work in  the  completed  structure.    The  framework  before  the  structure  has  been  completed  shall 
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be  self-supporting  without  walls,  partitions  or  floors.  In  no  case  shall  the  overturning  moment 
due  to  wind  pressure  exceed  75  per  cent  of  the  resisting  moment  of  the  structure.  In  the  calcu- 
lations for  wind  bracinp;  the  working  stresses  for  dead  and  live  loads  may  be  increased  25  per 
cent  providing  the  sections  are  not  less  than  required  for  dead  and  live  loads.  Chimneys  shall 
be  designed  to  resist  a  wind  pressure  of  20  lb.  (}  of  30  lb.)  per  square  foot  acting  on  the  vertical 
projection  of  the  chimney.  Curtain  walls  carried  on  the  framework  of  steel  or  reinforced  concrete 
buildings  shall  be  designed  to  resist  a  horizontal  pressure  of  30  lb.  per  square  foot  acting  hori- 
zontally on  the  outside  of  the  entire  surface  of  the  wall. 

8.  Minimum  Loads  on  Roofs. — Roofs  shall  be  designed  for  the  minimum  loads  specified  by 
Schneider  and  given  in  Table  VI. 

9.  Live  Im6b  on  Columns. — For  columns  carrying  more  than  five  floors,  the  live  load  may 
be  reduced  as  follows: 

For  columns  supporting  the  roof  and  top  floor  no  reduction. 

For  columns  supporting  each  successive  floor  a  reduction  of  5  per  cent  of  the  total  live  load 
may  be  made  until  50  per  cent  is  reached,  which  reduction  of  the  load  shall  be  used  for  the  columns 
supporting  all  remaimng  floors.  No  column  shall,  however,  be  designed  for  a  live  load  of  less 
than  20,000  lb.  The  above  reduction  is  not  to  apply  to  the  live  load  on  columns  of  warehouses, 
and  similar  buildings  which  are  liable  to  be  fully  loaded  on  all  floors  at  the  same  time. 

10.  Loads  on  Foundations.  The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand 4 

Coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.  never  more  than  i  ton  per  square  foot. 

The  loads  on  foundations  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  area  of  the  bases  of  the  foundation  shall  be  proportioned  for  the  dead  load  only  as  follows. 
That  foundation  which  has  the  largest  ratio  of  live  load  to  dead  load  shall  be  selected  and  pro- 
portioned for  the  combined  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be 
divided  by  the  area  thus  found,  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible 
pressure  to  be  used  for  the  dead  loads  of  all  foundations. 

11.  Pressure  on  Masonry  and  Wall  Plates. — ^The  maximum  pressure  on  masonry  and  wall 
plates  shall  not  be  greater  than  the  values  given  in  Table  VIII. 

12.  Bases. — Structural  steel  columns  shall  rest  on  either  cast  iron,  cast  steel  or  built  steel 
bases  proportioned  so  as  to  distribute  entire  load  of  the  column  on  the  concrete  or  masonry  founda- 
tion. Columns  carrying  wind  stresses  shall  be  firmly  anchored  with  at  least  two  anchor  bolts 
to  a  mass  of  concrete  whose  weight  is  at  least  i)  times  the  up-lift  in  the  column.  All  columns 
shall  be  properly  secured  to  the  bases. 

13.  Shape  of  Foundations. — ^Foundations  under  columns  shall  be  symmetrical  except  under 
wall  columns,  where  the  center  line  of  the  column  must  lie  within  the  middle  third  of  the  founda- 
tion. In  this  case  the  average  intensity  of  the  pressure  on  the  soil  shall  not  exceed  one-half  the 
safe  load  allowed  for  a  symmetrical  section.  In  cases  where  the  wall  column  load  exceeds  the 
above  safe  loads  the  column  must  rest  upon  a  steel  or  reinforced  concrete  girder  or  cantilever 
having  a  column  or  columns  at  the  inner  end.  The  foundation  shall  then  be  designed  for  the 
combined  loads. 

14.  Rolled  Beams. — ^The  depth  of  rolled  beams  in  floors  shall  be  not  less  than  one-twentieth 
of  the  span,  and  if  used  as  roof  purlins  not  less  than  one-thirtieth  of  the  span.  In  case  of  floors 
subject  to  shocks  and  vibrations  the  depth  of  beams  and  girders  shall  be  limited  to  one-fifteenth 
of  the  span.  If  shallower  beams  are  used  the  sectional  area  shall  be  increased  until  the  maximum 
deflection  is  not  greater  than  that  of  a  beam  having  a  depth  of  one-fifteenth  of  the  span,  but  the 
depth  of  such  beams  shall  in  no  case  be  less  than  one-twentieth  of  the  span. 

i^.  Expansion. — Provision  shall  be  made  for  expansion  and  contraction  corresponding  to  a 
variation  of  temperature  of  150  d^rees  Fahr.  where  necessary.  Expansion  rollers  shall  not  be 
less  than  4  inches  in  diameter. 

16.  Cast  Iran. — ^The  allowable  stresses  in  cast  iron  shall  be  as  follows: 

Compression  «  12  000  lb.  per  sq.  in. 
Tension  «    2  500  lb.  per  sq.  in. 

Shear  «    i  500  lb.  per  sq.  in. 

17.  Steel  Columns. — Columns  shall  be  of  rolled  or  built  sections.  No  wall  column  or  column 
idA  eccentric  loads  shall  be  used  whkh  does  not  have  at  least  one  solid  plate  or  web  of  metal  in  or 
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parallel  to  the  plane  of  eccentric  stress.  Columns  shall  have  a  mininmm  length  equal  to  two 
stories;  and  sphces  on  adjacent  columns  shall  preferably  be  made  at  different  stories  unless  the 
building  is  symmetrical  about  a  middle  line  of  columns,  in  which  case  for  ease  in  construction 
similarly  situated  columns  may  be  made  alike.  Colunms  shall  be  designed  so  as  to  provide  for 
effective  connections  for  floorbeams,  girders  and  brackets.  The  splices  shall  be  strong  enough 
to  resist  the  bending  stresses  and  make  the  columns  practically  continuous  for  their  entire  lengdi. 
The  splices  of  columns  shall  be  riveted. 

1 8.  Roof  Trusses. — Roof  trusses  shall  be  of  steel  and  may  have  either  pin  or  riveted  con- 
nections, and  shall  be  of  such  design  that  the  stress  in  each  member  may  be  calculated.  Roof 
trusses  shall  be  braced  in  pairs  and  each  pair  of  trusses  shall  be  rigidly  connected  by  lateral  and 
transverse  bracing.  Purlins  shall  be  made  of  shapes,  or  riveted  plate  or  lattice  girders.  Trussed 
purlins  will  not  be  allowed.  Main  members  of  trusses  shall  be  designed  so  that  the  neutral  axes 
of  intersecting  members  shall  meet  in  a  common  point,  or  if  this  is  not  possible  the  eccentric 
stresses  shaJl  be  calculated  and  provided  for. 

19.  Floorbeams. — ^Floorbeains  shall  generally  be  rolled  steel  beams  and  shall  be  riveted  to  the 
floor  girders  by  means  of  connection  angles.  Floor  girders  may  be  rolled  beams  or  plate  girders 
and  shall  be  nveted  to  columns  by  means  of  connection  angles.  Shelf  angles  may  be  provided 
for  convenience  during  erection. 

The  flange  plates  of  all  girders  shall  be  limited  in  width  so  as  not  to  extend  beyond  the  outer 
line  of  rivets  connecting  them  to  the  angles,  more  than  4  inches,  or  more  than  8  times  the  thickness 
of  the  thinnest  plate.  For  fireproof  floors,  floorbeams  shall  generally  be  tied  together  with  tie 
rods  at  intervals  not  to  exceed  8  times  the  depth  of  the  beams.  Tie  rods  are  not  required  with 
reinforced  concrete  floors  where  the  reinforcement  is  rigidly  fastened  to  all  outside  beams  and 
girders.  Holes  for  tie  rods,  where  the  construction  of  the  floor  permits,  shall  be  spaced  3  inches 
above  the  bottom  of  the  beam. 

Where  more  than  one  rolled  beam  is  used  to  form  a  girder,  they  shall  be  connected  by  cast 
iron  or  steel  separators  and  bolts  spaced  at  intervals  of  not  more  than  5  feet.  All  beams  having  a 
depth  of  12  inches  and  more  shall  have  at  least  2  bolts  to  each  separator. 

30.  Wan  Plates. — Bearing  stones  of  granite,  crystalline  sandstone,  or  metal  plates  shall  be 
used  to  reduce  or  distribute  the  pressure  on  the  waU  under  the  ends  of  wall  beams,  girders  and 
trusses. 

21.  WaU  Anchors. — ^The  wall  ends  of  beams,  girders,  and  columns  shall  be  anchored  securely 
to  give  rigidity  to  the  structure. 

22.  Minimum  Thickness  of  MetsL — No  plate  or  rolled  section,  having  a  thickness  of  less 
than  i  in.  shall  be  used  except  for  fillers. 

23.  Bracing. — ^Lateral,  longitudinal  and  transverse  bracing  shall  preferably  be  composed  of 
rigid  members. 

24.  MsteriaL — ^AU  parts  of  the  structure  shall  be  of  rolled  steel  except  column  bases,  bearing 
plates,  separators  or  minor  details  which  may  be  of  cast  iron  or  cast  steel.  The  steel  shall  be 
made  by  the  open-hearth  process.  All  rolled  steel,  cast  steel  and  cast  iron  shall  comply  with  the 
''Sped&cations  for  Structural  Steel  for  Buildings"  adopted  by  the  American  Society  for  Testing 
Materials  and  printed  in  Chapter  XV. 

25.  Stresses. — ^AIl  parts  of  the  structural  framework  shall  be  designed  for  the  same  unit 
stresses  as  for  steel  frame  buildings  given  in  sections  32  to  46  inclusive  of  *' Specifications  for 
Steel  Frame  Buildings"  in  Chapter  I. 

26.  Detsils  of  Constntction. — ^The  details  of  construction  shall  comply  with  the  specifications 
for  steel  frame  buildings  given  in  sections  78  to  117  inclusive  of  "Specifications  for  Steel  Frame 
Buildings."  in  Chapter  I. 

27.  Wofkmsnditp. — The  workmanship  shall  be  equal  to  the  best  practice  in  modern  bridge 
works  and  shall  comply  with  sections  143  to  186  inclusive  of  "Specifications  for  Steel  Frame 
Buildings"  in  Chapter  I. 

28.  Inspection  and  Testing  at  Mill  and  Shop. — ^The  specifications  are  the  same  as  given  in 
sections  187  to  193  inclusive  in  "Specifications  for  Steel  Frame  Buildings"  in  Chapter  I. 

Erection. 

29.  Tools. — The  contractor  shall  furnish  at  his  expense  all  necessary  tools,  derricks,  hoists, 
staging  and  material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove 
same  when  the  work  is  completed. 

30.  Risks. — ^The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused  by 
the  negligence  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the  work 
is  compkted  and  accepted. 

31.  The  contractor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the  work. 

32.  Detsils  of  Erection. — ^The  structural  steel  and  iron  work  shall  be  erected  as  rapidly  as 
the  progress  of  the  other  work  on  the  building  will  permit.     Bases,  bearing  plates  and  ends  of 
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girders  which  require  to  be  grouted,  shall  be  supported  exactly  at  the  proper  level  by  means  of 
steel  wedges.  Structural  steel  and  ironwork  shall  be  set  accurately  to  the  established  lines  and 
levels.  The  steel  and  iron  must  be  plumb  and  level  before  riveting  is  commenced  and  must  be 
kept  in  position  until  final  completion.  Temporary  bracing  shall  be  provided  to  resist  the  stresses 
due  to  derricks  and  other  erection  equipment.     Elevator  shafts  shall  be  plumbed  from  top  to 


bottom  with  piano  wire.  Riveted  connections  shall  be  carefully  drawn  up  before  riveting  is 
commenced.  Not  less  than  one-third  the  holes  shall  be  filled  with  field  bolts,  drawn  up  tight. 
All  field  connections  shall  be  riveted.     Pneumatic  hammers  shall  be  used  in  driving  field  rivets. 


Rivets  must  have  a  sufficient  length  to  completely  fill  the  holes  and  to  form  full  heads.  Rivets 
must  be  tight  with  full  concentric  heads.  Loose  or  imperfect  rivets  must  be  cut  out  and  redriven, 
recupping  or  calking  will  not  be  permitted.  Holes  which  will  not  admit  a  cold  rivet  must  be 
reamed.  Where  bolts  are  permitted,  washers  not  less  than  }  in.  thick  shall  be  used  under  the 
nuts,  the  nuts  shall  be  drawn  tight  and  the  threads  checked  with  a  chisel.  Connections  to  cast 
iron  and  for  separators  in  steel  t^ams  may  be  bolted. 

REFERENCES.— For  the  deuils  of  the  design  of  tall  buildings  the  following  books  may  be 
consulted:  Kidder's  "Architects  and  Builders  Pocketbook";  Freitag's  "Fire  Prevention  and 
Fire  Protection";  FreiUg's  "Architectural  Engineering";  Ketchum's  "The  Design  of  Steel  Mill 
Buildings." 

For  a  full  discussion  of  foundations  for  steel  office  buildings,  see  Jacoby  and  Davis,  "  Founda- 
tions of  Bridges  and  Buildings,"  published  by  McGraw-Hill  Book  Co. 


CHAPTER  III. 
Steel  Highway  Bridges. 

Defimtioii. — ^A  truss  is  a  framework  composed  of  individual  members  so  fastened  together 
that  loads  applied  at  the  joints  produce  only  direct  tension  or  compression.  The  triangle  is  the 
only  geometrical  figure  in  which  the  form  is  changed  only  by  changing  the  lengths  of  the  sides. 
In  its  simplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
truss  are  either  fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets,  riveted. 

Types  of  Truss  Bridges. — ^The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry 
the  floor  and  the  load;  of  two  horizontal  trusses  in  t^e  planes  of  the  top  and  bottom  chords,  re- 
spectively, which  carry  the  horizontal  wind  load  along  the  bridge,  and  of  cross-bracing  in  the  planes 
oi  the  end-posts,  called  portals,  and  in  the  planes  of  the  intermediate  posts,  called  sway  bracing. 
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Fig.  I.    Diagrammatic  Sketch  of  a  Through  Pratt  Truss  Highway  Bridge. 

The  floor  is  carried  on  joists  or  stringers  placed  parallel  to  the  length  of  the  bridge,  and  which  are 
supported  in  turn  by  the  floorbeams.  The  names  of  the  different  parts  of  the  bridge  are  shown 
in  Fig.  I.  The  main  ties,  hip  verticals,  counters  and  intermediate  posts  are  together  called 
"webs."  The  bridge  shown  in  Fig.  i,  is  a  through  pin-connected  highway  bridge  of  the  Pratt 
type,  the  traffic  passing  through  the  bridge.  In  a  deck  bridge  the  roadway  floor  is  carried  on  top 
of  the  main  trusses.    The  bridge  shown  has  square  abutments;  if  the  abutments  are  not  at  right 
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angles  to  the  center  line  the  bridge  is  called  a  "skew"  bridge.  Short  span  highway  and  railway 
bridges  have  low  trusses  and  no  top  lateral  system  nor  portals,  as  in  Fig.  2.  In  a  railway  bridge 
the  loads  are  carried  to  the  panel  points  by  stringers  resting  on  or  riveted  to  the  floorbeams. 


Qi^oHtr  Thp  Phn 


Quartfrdottmi  Ptcn. 


Cross  Sect W9 
Fig.  2.    Plan  of  a  Low  or  "Pony"  Truss  Highway  Bridge. 

The  simplest  type  of  bridge  is  the  beam  bridge,  (a)  Fig.  3.    Beam  bridges  commonly  consist 
of  I  beams  which  span  the  opening,  and  are  placed  near  enough  together  to  carry  the  floor  of  the 
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Fig.  3.    Typbs  op  Short  Span  Highway  Bridges. 


bridge.  Where  foundations  are  relatively  expensive  the  beams  may  be  carried  on  posts  as  in 
0>)i  Fig.  3.  A  truss  leg-bridge  is  shown  in  (c),  Fig.  3.  Types  (b)  and  (c)  unless  constructed  with 
great  care  make  inferior  structiu'es  and  are  not  to  be  recommended.    A  Warren  truss  is  a  combi* 
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nation  of  isosceles  triangles  as  shown  in  (d),  Fig.  3  and  in  (c)  and  (d),  Fig.  4.  The  Pratt  truss 
has  its  vertical  web  members  in  compression  while  its  diagonal  web  members  are  in  tension,  as 
shown  in  (b).  Fig.  4.  The  Warren  truss  is  commonly  built  with  riveted  joints  while  the  Pratt 
truss  is  usually  built  with  pin-connected  joints.  The  Warren  low  truss  with  riveted  joints  as 
shown  in  (d)  is  generally  preferred  in  place  of  the  low  Pratt  truss  in  either  (e)  or  (f),  Fig.  3.  The 
Howe  truss  has  its  vertical  web  members  in  tension,  and  its  inclined  web  members  in  compression 
as  shown  in  (a),  Fig.  4.  The  upper  and  lower  chords  and  the  inclined  members  of  a  Howe  truss 
are  commonly  made  of  timber,  while  the  vertical  tension  members  are  iron  or  steel  rods  or  bars. 


(a)  TtmouGH  HontfE  Tmss 
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(j)K-Truss 
Fig.  4.     Types  of  High  Truss  Steel  Bridges. 

The  Whipple  truss,  (e)  Fig.  4,  is  a  double  intersection  Pratt  truss.  This  truss  was  designed 
to  give  short  panels  in  long  spans  which  have  a  considerable  depth.  The  stresses  in  the  Whipple 
truss  are  indeterminate  for  moving  loads,  and  its  use  has  been  practically  abandoned,  the  Balti- 
more truss,  (g)  Fig.  4  being  used  in  its  place.  The  quadrangular  Warren  truss  with  riveted  joints 
is  used  by  the  American  Bridge  Company  as  a  standard  truss  for  through  highway  bridges,  with 
spans  of  from  80  to  170  ft.    Like  the  Whipple  truss  its  stresses  are  indeterminate  for  moving  loads. 

For  spans  of  from,  say,  170  to  240  ft.  it  is  quite  common  to  use  pin-connected  trusses  of  the 
Pratt  type  having  inclined  chords  as  in  (f),  Fig.  4.  The  K-bracing  in  (h)  or  0)  is  vaox^  economical 
of  material  and  gives  smaller  secondary  stresses  than  the  subdivided  bracing  in  (g)  and  (i),  and 
is  rapidly  replacing  both  forms  of  bracing  shown. 

The  Baltimore  truss,  (g)  Fig.  4,  is  a  Pratt  truss  with  parallel  chords  in  which  the  main  panels 
have  been  subdivided  by  an  auxiliary  framework.  The  auxiliary  framework  may  have  struts 
as  in  (g),  or  ties  as  in  (i),  Fig.  4.    The  Baltimore  truss  with  inclined  upper  chords,  (i)  Fig.  4,  is 
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called  a  Petit  truss.  Baltimore  and  Petit  trusses  are  statically  determinate  for  all  conditions 
of  loading;  are  economical  in  construction  and  satisfactory  in  service,  and  have  almost  entirely 
replaced  the  Whipple  truss  for  long  span  bridges. 

The  types  of  simple  bridge  trusses  described  above  are  those  that  are  in  the  most  common 
use,  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 

Beams  and  Plate  Girders. — ^For  spans  of,  say,  30  ft.  and  under  rolled  beams  are  often  used  to 
carry  the  roadway,  while  for  spans  from  about  30  to  100  ft.  plate  girders  are  used  for  dty  bridges. 
When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder  bridge, 
and  when  the  roadway  passes  between  the  girders,  the  bridge  is  called  a  through  plate  girder 
bridge  as  in  Fig.  19. 


C^  Strm  BRtD6E,  a/mi  BEMm  (h)  Smns  B»i06£^  Tuhntable  beAtHHS 

Fig.  5.    Swing  Bridges. 

Swing  Bridges. — ^Swing  bridges  may  be  made  of  plate  girders  or  trusses,  and  may  turn  on  a 
center  pivot  as  in  (a),  or  on  a  turntable  supported  on  a  drum  as  in  (b),  Fig.  5.  The  center  pivot 
swing  bridge  has  two  spans  continuous  over  the  pivot  support,  while  the  turntable  swing  bridge 
has  three  spans  ordinarily  continuous  over  the  middle  supports. 

Steel  Arches. — Steel  arch  bridges  are  made  (i)  with  three  hinges,  (2)  with  two  hinges,  and 
(3)  without  hinges,  and  may  have  solid  webs,  or  spandrel  or  open  webs. 

Cantilever  Bridges. — ^A  cantilever  bridge  consists  of  two  anchor  spans,  which  support  a 
suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  are  anchored  to  the  shore  piers 
and  are  supported  on  the  river  piers. 

Suspension  Bridges. — In  a  suspension  bridge  the  roadway  is  supported  by  hangers  attached 
to  the  main  cables.  Stiffening  trusses  are  placed  above  the  plane  of  the  roadway  to  assist  in 
distributing  the  live  loads  and  for  the  purpose  of  increasing  the  rigidity  of  the  structure. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be  considered  in  this  book. 

TYPES  OF  STRUCTURE.— The  types  of  structure  for  steel  highway  bridges  as  recommended 
by  the  author  are  given  in  section  3, ''  General  Specifications  for  Steel  Highway  Bridges,"  printed 
in  the  last  part  of  this  chapter. 
The  following  data  will  show  present  standard  practice. 

niinois  Highway  CommissioiL — ^The  types  of  highway  bridge  recommended  by  the  commis- 
sion are  as  follows: 

Concrete  Bridges. — For  culverts  requiring  a  waterway  of  12  square  feet  or  less,  plain  or  rein- 
forced concrete  arch  culverts  or  square  culverts,  reinforced  concrete  pipes  or  double  strength  cast- 
iron  pipe. 

For  culverts  having  an  area  of  more  than  12  square  feet,  and  for  bridges  having  a  span  up  to 
30  ft.,  reinforced  concrete  slabs,  plain  or  reinforced  concrete  arches. 

For  spans  of  30  ft.  to  65  ft.,  reinforced  concrete  through  or  deck  girders,  plain  or  reinforced 
concrete  arches. 

For  spans  greater  than  65  ft.,  plain  or  reinforced  concrete  arches. 

Steel  Bridges. — For  spans  of  12  ft.  to  45  ft.,  steel  I-beams;  for  spans  of  30  ft.  to  100  ft.,  plate 
eirders  or  riveted  pony  trusses;  for  spans  of  go  ft.  to  160  ft.,  riveted  trusses  with  parallel  chords; 
lor  spans  of  160  ft.  and  more,  riveted  or  pin-connected  trusses  with  parallel  or  inclin^  upper  chords. 

Iowa  Highway  CommisstoiL — ^The  types  of  highway  bridges  recommended  by  the  commission 
are  as  follows: 

Concrete  Bridges, — Box  culverts  for  spans  up  to  16  ft.;  slab  bridges  for  spans  from  14  ft.  to 
25  ft. ;  arch  culverts  and  bridges  for  spans  of  6  ft.  and  over;  girder  bridges  for  spans  of  from  24  ft. 
to  40  ft. 

Steel  Bridges. — ^Steel  I-beams  up  to  32  ft.  span;  plate  girders,  20  ft.  to  80  ft.  span;  low  truss 
30  ft.  to  100  ft.  span; high  truss  100  ft.  span  and  over,  riveted  up  to  140  ft.  span. 
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Massachnsatts  Pablic  Service  Commission. — ^The  types  of  highway  bridge  recommended  by 
the  commission  are  as  follows: 

Sieel  Bridges, — For  spans  up  to  20  ft.,  wooden  stringers  or  rolled  beams;  for  spans  from  20  ft. 
to  ±0  ft.,  rolled  beams  or  plate  girders;  for  spans  from  40  ft.  to  70  ft.,  plate  girders;  for  spans  from 
70  ft.  to  100  ft.,  plate  girders  or  riveted  trusses;  for  spans  from  100  ft.  to  125  ft.,  riveted  trusses;  for 
spans  from  125  ft.  up,  riveted  or  pin  trusses. 

Wisconsin  Highway  Commission. — ^The  types  of  highway  bridge  recommended  by  the  com- 
mission are  as  follows: 

Concrete  Bridges. — Spans  of  i§  ft.  to  10  ft.,  slab  culverts  and  bridges;  spans  10  ft.  to  18  ft., 
slab  bridges;  spans  10  ft.  to  40  ft.,  through  girders. 

Steel  Bridges. — Spans  10  ft.  to  38  ft.,  rolled  beams;  spans  35  ft.  to  80  ft.,  Warren  riveted  low 
trusses  or  plate  girders;  spans  80  ft.  to  135  ft.,  Pratt  riveted  high  trusses;  spans  over  135  ft.,  riveted 
high  trusses  with  curvea  chords. 

WIDTH  OF  ROADWAY.— The  following  data  will  show  standard  practice. 

Illinois  Highway  Commission. — ^The  widths  of  roadways  are  specified  for  State  Aid  Routes, 
Principally  Traveled  Roads,  and  Secondary  Roads. 

On  Designated  State  Aid  Routes. — Bridges  up  to  and  including  10  ft.  span,  20  to  30  ft.  roadway; 
bridges  over  10  ft.  up  to  and  including  60  ft.  span,  18  to  24  ft.  roadway;  bridges  over  60  ft.  spjan, 
16  to  20  ft.  roadway. 

On  Principally  Traveled  Roads. — Bridges  and  culverts  10  ft.  or  less  in  span,  20  to  30  ft.  road- 
way; bridges  over  10  ft.  and  up  to  and  including  60  ft.  span,  16  to  20  ft.  roadway;  bridges  over  60 
ft.  span,  16  to  18  ft.  roadway. 

On  Secondary  Roads. — Bridges  and  culverts  10  ft.  or  less  in  span,  18  to  24  ft.  roadway;  bridges 
over  10  ft.  span,  16  ft.  roadway. 

Culverts  Under  Fills. — ^The  length  of  the  barrel  of  the  culvert  shall  have  a  length  that  will 
permit  of  side  slopes  of  i  J  horizontal  to  i  vertical,  and  a  top  width  of  20  to  30  ft.  on  State  Aid 
Routes,  20  to  30  ft.  on  Principally  Traveled  Roads,  and  18  to  24  ft.  on  Secondary  Roads. 

Iowa  ffighway  Commission. — ^The  widths  of  roadway  for  highway  bridges  as  recommenedd 
by  the  commission  are  as  follows: 

Concrete  Bridges. — For  box  or  arch  culverts  with  spans  of  2  ft.  to  16  ft.,  24  ft.  roadway  for 
county  roads,  and  20  ft.  for  township  roads;  for  slab  bridges  with  spans  over  16  ft.  span,  20  ft. 
roadway  for  county  roads,  and  18  ft.  for  township  roads;  for  girder  bridges  over  16  ft.  span,  20  ft. 
roadway;  for  arches  over  16  ft.  span,  24  ft.  roadway  for  county  roads,  and  20  ft.  for  township  roads. 
The  slopes  on  fills  shall  be  i^  horizontal  to  i  vertical. 

Steel  Bridges. — ^A  roadway  of  20  ft.  on  county  roads,  for  all  spans,  and  18  ft.  on  township  roads 
for  all  spans.     The  minimum  legal  width  of  roadway  is  16  ft. 

Association  of  State  Highway  Departments. — ^The  following  minimum  widths  of  concrete 
bridges  are  recommended. 

For  First  Class  Roads. — Culverts  under  12  ft.  spjan,  24  ft.  roadway;  slab  bridges  over  12  ft. 
span,  20  ft.  roadway;  all  other  spans  20  ft.  roadway. 

For  Second  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  12  ft. 
span,  18  ft.  roadway;  all  other  spans,  18  ft.  roadway. 

For  Third  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  12  ft. 
span,  18  ft.  roadway;  longer  bridges,  16  ft.  roadway. 

The  above  widths  of  concrete  bridges  have  been  adopted  by  the  Wisconsin  Highway  Com- 
mission. 

LOADS. — ^The  loads  carried  by  a  bridge  consist  of  (i)  fixed  or  dead  loads,  (2)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads. 

The  dead  load  consists  of  the  weight  of  the  structure  and  is  always  carried  by  the  bridge;  the 
live  load  consists  of  the  moving  load  which  the  bridge  is  built  to  carry,  while  the  miscellaneous 
loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads  are  given  in  the  "  Specifications  for 
Steel  Highway  Bridges  "  in  the  last  part  of  this  chapter. 

WEIGHTS  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (i)  the  weight  of  the  steel 
in  the  steel  framework,  consisting  of  the  vertical  trusses,  the  upper  and  lower  lateral  systems,  the 
floorbeams,  the  portals  and  sway  bracing;  (2)  the  weight  of  the  joists  and  the  fence;  and  (3)  the 
weight  of  the  floor  covering. 
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WEIGHTS  OF  STEEL  HIGHWAY  BRIDGES.— The  following  data  may  be  used  in  calcu- 
lating the  dead  loads  in  the  design  of  highway  bridges  or  as  a  basis  for  preliminary  estimates. 

AMERICAN  BRIDGE  COMPAIVY.— Standard  Steel  Highway  Bridges  with  Timber  Floor. 

Timber  floor,  3-in.  plank  on  roadway  and  2-in.  plank  on  footwalks.  Live  loads  for  floor  and  its 
supports,  100  lb.  per  sq.  ft.  of  floor  surface,  or  6  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage,  or  a 
15-ton  road  roller.  For  trusses  100  lb.  per  sq.  ft.  of  roadway  up  to  a  span  of  75  ft.,  75  lb.  per  sq.  ft. 
of  roadway  for  spans  of  168  ft.  and  over,  and  proportional  for  intermediate  spans.  No  allowance 
is  made  for  impact.  Designed  for  allowable  stresses  given  in  specifications  in  the  latter  ptart  of  this 
chapter.  Let  W  =  weight  of  the  structural  steel  per  lineal  foot  of  span;  L  =  length  of  span  in  feet, 
h  =  width  of  roadway  in  feet  (without  sidewalks). 

X.  Steel  Through  Plate  Girders. — ^Through  plate  girder  spans  36  ft.  to  70  ft.,  roadway  20  ft. 
wide,  without  sidewalks,  but  including  stringers.  The  weight  of  structural  steel  per  lineal  foot 
of  span  is 

W^  =  300  +  3.8I'.  (i) 

For  sidewalks  with  steel  joists  add  about  12  lb.  per  sq.  ft.  of  sidewalks. 

3.  Steel  Low  Riveted  Truss  Spans,  with  Timber  Floor. — For  low  truss  spans  36  ft.  to  102  ft., 
with  timber  floors,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight 
of  the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

PT  =  100  +  2.0L.  (2) 

and  for  a  20-ft.  roadway 

IT  =  150  +  1.7L.  (3) 

3.  Steel  Low  Riveted  Trass  Spans,  with  Reinforced  Concrete  Floors.— For  low  truss  spans 
36  ft.  to  102  ft.,  with  reinforced  concrete  floors,  5  in.  thick  with  6  in.  of  gravel  at  center  and  3  in. 
of  gravel  at  curb,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  of 
the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

w^  =  150  +  3.5^.  (4) 

and  for  a  20-fi.  roadway 

W^  -  185  +  35^-  (5) 

4.  Steel  High  Truss  Spans,  with  Timber  Floor. — For  high  truss  spans  104  to  204  ft.,  with 
timber  floors  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  of  the 
stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

W^  =  250  +  1.5^.  (6) 

and  for  a  20-ft.  roadway 

IT  -  285  +  1.2L.  (7) 

IOWA  HIGHWAY  COMMISSION.— Steel  Highway  Bridges  widi  Reinforced  Concrete 
Floor. — Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans  in  which  stringers  are  used.  Slabs 
for  stringerless  floors  7}  in.  thick  for  8-ft.  span,  8  in.  thick  for  9-ft.  span,  and  8}  in.  thick  for  lo-ft. 
span.  Live  loads  for  the  floor  and  its  supports  a  uniform  live  load  of  100  lb.  per  sq.  ft.,  and  a  i5*ton 
traction  engine  with  two-thirds  of  the  load  on  the  rear  axle;  axles  spaced  11  ft.  centers,  and  rear 
wheels  spaced  6  ft.  centers.  Rear  wheels  22  in.  wide.  The  trusses  are  to  be  designed  for  the 
uniform  loads  given  in  Table  I.     No  allowance  is  made  for  impact. 

Let  W  «  weight  of  structural  steel  in  lb.  per  lineal  foot  of  span;  L  «  length  of  span  in  feet; 
h  «  width  of  span  in  feet  (without  sidewalks). 

z.  Steel  Beam  Spans. — The  weight  of  steel  beam  spans  from  16  ft.  to  32  ft.  and  with  i6-ft., 
i8-ft.,  and  20-ft.  roadway  are  given  in  Table  IX. 
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a.  SImI  htm  Tkmas  Sjpaas,  vidi  Stringers. — For  low  truss  highway  bridges  with  spans  of 
55  ft.  to  8s  li^  sot  iododiiig  the  wc^t  of  the  fence  or  the  steel  stnngers.  the  weight  of  stnictural 
steel  per  iiaeal  foot  of  span  for  a  i64t.  roadway  is 

li^  =  235  +  2^L.  (8) 

and  for  an  ift-ft.  roadway  is 

IT  =  240  +  2^oL.  (9) 

3.  Stnd  Lw  TntB  Sjpans,  widioot  Stringers. — For  low  truss  highway  bridges  with  spans  of 
35  ft.  to  100  ft^  not  including  the  weight  of  the  fence  or  steel  flooibeams,  the  weight  of  the  struc- 
tural steel  per  fineal  foot  of  span  for  a  i6-ft.  roadway  is 

IT  =  200  +  4/:.  (10) 

and  for  an  iS-ft.  roadway  is 

1^-225+4.252:.  (11) 

4.  Steel  Witk  Trass  ^ans,  vidi  Stringers. — ^For  high  through  truss  highway  bridges  with 
^laiis  of  from  90  ft.  to  150  ft.,  not  including  the  weight  of  fence  or  the  steel  stringers,  the  weight  of 
structural  steel  per  lineal  foot  of  span  for  a  i6-ft.  roadway  is 

W^-245+245L.  (12) 

and  for  an  18-ft.  roadway  is 

W^  -  270  +  2.7  L.  (13) 

WISCONSIK  HIGHWAY  COMMISSION.  Steel  hl|^wty  bridges  widi  relnforted  con- 
crete floor. — Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans.  Live  loads  for  the  floor  and 
its  supports  a  15-ton  road  roller  with  two-thirds  of  the  load  on  the  rear  axle,  axles  10  ft.  centers, 
rear  rolls  4  ft.  10  in.  centers,  rear  rolls  20  in.  wide.  The  trusses  designed  for  the  loads  given  in 
Table  I.  No  allowance  is  made  for  impact.  Let  W  «  weight  of  structural  steel  in  lb.  per  lineal 
foot  of  span,  L  —  length  of  span  in  feet;  b  »  width  of  roadway  in  feet  (without  sidewalks). 

1.  Steel  Beam  Spans. — ^Weight  of  steel  beam  spans  from  10  ft.  to  38  ft.  and  for  i6-ft.,  18-ft. 
and  20-ft.  roadway  are  given  in  Table  X. 

2.  Steel  Through  Plate  Girders. — ^The  weight  of  the  structural  steel  in  through  plate  girder 
highway  bridges  from  35  ft.  span  to  80  ft.  span  including  floorbeams  spaced  3  to  2)  ft.  apart,  is 
given  approximately  by  the  following  formula.    For  a  i6-ft.  roadway 

W-^SOo-hsL.  (14) 

For  an  18-ft.  roadway 

W^  -  300  -h  325L,  (15) 

and  for  a  20-ft.  roadway 

W^  =  320  +  4L.  (16) 

3.  Steel  Low  Truss  Spans,  with  Stringers.— The  weight  of  the  structural  steel  in  low  truss 
steel  hi^way  bridges  with  spans  of  35  ft.  to  85  ft.  span,  not  including  the  weight  of  the  fence  or 
the  steel  stringers,  is  given  approximately  by  the  formula.    For  a  i6-ft.  roadway 

W^  =  80  -h  3.5I..  (,7) 

and  for  an  18-ft.  roadway 

W^So  +  4L.  (,8) 

4.  Steel  Higli  Trass  Spans,  widi  Stringers.— For  high  through  truss  steel  highway  bridges 
with  spans  of  from  90  ft.  to  150  ft.,  not  including  the  weight  of  the  fence  or  the  steel  joists,  the 
weight  of  structural  steel  per  lineal  foot  of  span  is  given  approximately  by  the  formula.  For  a 
i6-ft.  roadway 

W^  =  180  -h  2L.  (19) 

and  for  an  18-ft.  roadway 

PT  =  240  +  2L.  (20) 

8* 
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ILLINOIS  HIGHWAY  COMMISSION.  Steel  highway  bridges  with  reiiiforced  concrete 
floor. — Reinforced  concrete  floor  slabs  4  in.  thick  with  a  wearing  surface  assumed  to  weigh  not 
less  than  50  lb.  per  sq.  ft.  Live  load  for  floor  and  its  supports  a  15-ton  traction  engine,  supported 
on  two  axles  spaced  10  ft.  apart,  with  two  thirds  of  the  load  on  the  rear  axle;  or  a  uniform  live  load 
of  125  lb.  per  sq.  ft.  The  trusses  designed  for  the  loads  given  in  Table  I.  No  allowance  is  made 
for  impact. 

Let  W  =  weight  of  steel  in  lb.  per  lineal  foot  of  span,  L  =  span  of  bridge  in  feet,  h  =  width  of 
roadway  in  feet  (without  sidewalks). 

I.  Steel  Low  Truss  Spans,  with  Stringers. — ^The  weight  of  the  structural  steel  in  low  truss 
steel  highway  bridges  with  spans  of  50  ft.  to  85  ft.,  not  including  weight  of  the  fence  or  the  steel 
stringers,  is  given  approximately  by  the  formula.    For  a  i6-ft.  roadway,  h  =  16  ft. 

^  =  235  +  2.35^.  (21) 

and  for  an  i8-ft.  roadway,  6  =  18  ft. 

W«  240  +  2.4L.  (22) 

3.  Steel  High  Truss  Spans,  with  Stringers. — ^The  weight  of  structural  steel  in  high  truss  steel 
highway  bridges  with  spans  of  90  ft.  to  160  ft.,  not  including  the  weight  of  fence  or  the  steel  string- 
ers, is  given  approximately  by  the  formula.    For  a  i6-ft.  span,  h  ^  \b  ft. 


and  for  an  i8-ft.  span,  &  «  18  ft. 


W^  -  140  -h  ^L,  (23) 

W'  =  180  -h  4.5L.  (24) 


The  weights  given  by  formulas  (21)  to  (24)  are  for  bridges  with  concrete  floors  weighing 
100  lb.  per  sq.  ft.  Calculations  by  Mr.  Clifford  Older,  Bridge  Engineer,  Illinois  Highway  Com- 
mission, show  that  a  variation  of  the  weight  of  the  floor  of  10  lb.  per  sq.  ft.  makes  a  similar  variation 
in  the  weight  of  the  structural  steel,  including  the  joists,  of  4.35  per  cent  for  a  50-ft.  span,  of  3.75 
per  cent  for  a  i6o-ft.  span,  and  proportional  for  intermediate  spans.  For  the  structural  steel,  not 
including  the  joists,  an  average  value  of  4  per  cent  may  be  used  for  each  decrease  of  10  lb.  per  sq. 
ft.  of  floor  surface. 

BOSTON  BRIDGE  WORKS  STANDARDS.*— The  weights  of  steel  highway  bridges 
designed  by  the  Boston  Bridge  Works  are  as  follows: 

Through  truss  highway  bridges  without  sidewalks  designed  for  a  live  load  of  80  lb.  per  sq.  ft. 
for  the  trusses,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor  The  weight,  w,  of  steel  in  lb. 
per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  -  5  +  L/9.5  (25) 

The  weight  of  through  truss  highway  bridges  with  two  sidewalks  is 

w  -  2.8  +  L/11.3  (26) 

The  sidewalks  were  5  or  6  ft.  wide,  and  the  dear  roadways  were  16  to  20  ft.  The  total  area 
covered  by  the  roadway  and  sidewalk  floors  is  to  be  used  in  calculating  the  weight  of  steel. 

Weii^ts  of  Steel  Highway  Plate  Girder  Bridges.— The  weights  of  highway  plate  girder 
bridges  as  designed  by  the  Boston  Bridge  Works  for  the  live  loads  shown  are  as  follows. 

Deck  plate  girder  highway  bridges  without  sidewalks  designed  for  a  live  load  of  100  lb.  per 
sq.  ft.  for  girders,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.  The  weight,  v.  of  steel  in 
lb.  per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fencei  for  a  span  of  L  ft.,  b 

w  =  2.5  +  L/3.4  (27) 

*  Published  by  permission  of  John  C.  Moses,  Chief  Engineer. 
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The  weight  of  deck  plate  girder  highway  bridges  with  sidewalks  is 

t:^  =  2.5  -f  I./44  (28) 

The  weight  of  through  plate  girder  highway  bridges  without  sidewalks  is 

w  -  3  +  I./4.25  (29) 

The  weight  of  through  plate  girder  highway  bridges  with  sidewalks  is 

w  -  3.3  +  I./5.6  (30) 

Weight  of  Electric  Railway  Bridges. — ^The  Boston  Bridge  Works  gives  the  following  formula 
for  the  weight  of  electric  railway  bridges,  where  W  »  total  weight  of  steel  in  lb.  per  lineal  foot  of 
bridge  and  L  is  the  span  of  the  bridge  in  feet. 

Beam  bridges 

W^  -  50  +  5i  (31) 

Light  truss  bridges 

FT  =  200  +  o.SL  (32) 

Heavy  truss  bridges 

FT  =  250  +  1.5L  (33) 

The  beam  bridges  were  designed  for  30-ton  cars;  the  light  truss  bridges  were  designed  for 
i5*ton  cars  or  1,500  lb.  per  lineal  foot  of  bridge,  and  the  heavy  truss  bridges  were  designed  for 
30-ton  cars,  or  2,000  lb.  per  lineal  foot  of  bridge. 

LIVE  LOADS. — The  live  loads  for  highway  bridges  are  osually  assumed  to  consist  of  a  uni- 
form live  load  for  the  trusses  and  a  uniform  live  load  or  a  concentrated  moving  load  for  the  floor 
and  its  supports.  A  few  highway  bridge  specifications  require  that  trusses  be  designed  for  a  c^i- 
centrated  moving  load  as  well  as  for  a  uniform  live  load,  and  also  that  the  floor  and  its  supports  be 
designed  for  a  concentrated  moving  load  and  that  the  portion  of  the  floor  of  the  bridge  not  covered 
by  the  concentrated  load  be  covered  ^ith  a  uniform  live  load.  In  calculating  the  stresses  in  the 
truss  members  the  uniform  live  load  is  commonly  assumed  as  applied  in  full  joint  loads  at  joints 
on  the  loaded  chord.  Moving  loads  and  loads  suddenly  applied  produce  stresses  that  are  greater 
than  the  static  stresses  due  to  stationary  loads  or  to  loads  gradually  applied.  This  increase  in 
stress  due  to  moving  loads  or  due  to  loads  suddenly  applied  is  called  impact  stress. 

IMPACT. — ^The  effect  of  impact  or  increase  in  live  load  stresses  over  the  stresses  due  to  the 
same  toads  gradually  applied,  is  very  much  less  for  highway  bridges  than  for  railway  bridges. 
Experiments  made  by  Professor  F.  O.  Dufour  and  recorded  in  Journal  of  Western  Society  of  Engi- 
neers, June,  1913,  show  that  the  effect  of  impact  on  steel  truss  highway  bridges  with  concrete  floors 
is  very  small.  The  effect  of  impact  on  steel  truss  bridges  with  plank  floors  is  considerably  larger 
than  for  bridges  with  concrete  floors.  The  maximum  impact  percentages  do  not  occur  with  maxi- 
mum static  stresses.  Experiments  made  at  the  University  of  Colorado  under  the  author's  direction 
show  that  the  effect  of  impact  on  highway  bridges  is  very  much  less  than  for  railway  bridges. 

The  specifications  of  the  highway  commissions  of  Illinois,  Iowa,  Michigan,  Nebraska  and 
Wisconsin  do  not  add  impact  for  highway  bridges. 

The  allowance  for  impact  of  the  Massachusetts  Railway  Commission  is  as  follows:  For 
stringers,  floorbeams  and  hangers,  when  loaded  with  a  20-ton  auto  truck,  50  per  cent;  for  all  other 
loads,  floorbeams  and  stringers,  25  per  cent;  floorbeam  hangers,  40  per  cent;  counters,  40  per  cent; 
for  all  other  members  in  trusses,  and  for  main  girders  the  percentage  shall  be  26}  minus  one- 
twelfth  the  loaded  length  in  feet,  with  a  maximum  of  25  and  a  minimum  of  10  per  cent. 

Mr.  J.  A.  L.  Waddell  in  "Bridge  Engineering"  specifies  that  highway  bridges  shall  be  designed 
for  the  impact  allowance,  /  =  ioof{nL  -f-  200),  where  L  is  the  loaded  length  of  the  bridge  in  feet 
that  produces  maximum  stress  and  n  is  the  total  clear  width  of  the  roadway  and  footwall^  divided 
by  twenty.  Tlie  above  impact  allowance  is  made  for  motor-truck  loadings  but  not  for  road-roller 
loadings. 
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The  specifications  for  steel  bridges  prepared  by  the  U.  S.  Office  of  Public  Roads,  and  the 
specifications  for  steel  bridges  of  the  West  Virginia  Highway  Commission  and  the  Oregon  Highway 
Commission  specify  the  impact  factor,  /  =  100/ {L  +  300),  where  L  is  the  loaded  length  of  the 
bridge  in  feet  that  produces  maximum  stress  in  the  member. 

The  Montana  Highway  Commission  specifies  25  per  cent  impact. 

The  Department  of  Public  Roads  of  Kentucky  requires  no  impact  allowance  for  bridges  with 
concrete  floors,  and  25  per  cent  for  bridges  with  wooden  floors. 

The  Utah  Highway  Commission  specifies  25  per  cent  impact  for  floors,  and  15  per  cent  for 
trusses. 

For  concrete  highway  bridges  the  impact  allowance  varies  from  no  impact  allowance,  as 
specified  by  the  highway  commissions  of  Illinois,  Iowa,  Michigan,  Nebraska  and  Wisconsin;  an 
allowance  of  15  per  cent  of  the  live  load,  as  specified  by  the  highway  commission  of  West  Virginia, 
to  an  allowance  of  50  per  cent  of  the  live  load,  as  specified  by  the  U.  S.  Office  of  Public  Roads. 
Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  191 6,  uses  an  impact  aN 
lowance  of  /  «  i5o/(L  +  300),  where  L  is  the  loaded  length  of  the  bridge  in  feet  that  produces 
maximum  stress. 

Ketchum's  Specifications  for  Impact. — ^The  author  has  adopted  the  following  impact  factors 
for  concrete  bridges  and  steel  bridges. 

(a)  For  concrete  arches  with  spandrel  filling  on  culverts  with  a  minimum  filling  of  one  foot, 
no  allowance  for  impact. 

(b)  For  concrete  slab  and  girder  bridges  and  trestles,  and  arches  without  spandrel  filling,  30 
per  cent  for  impact. 

(c)  For  steel  bridges  the  following  allowance  for  impact.  For  the  floor  and  its  supports  in- 
cluding floor  slabs,  floor  joist,  floorbeams  and  hangers,  30  per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  imoact  increment  shall  be 
/  =  ioo/(L  -f  300),  where  L  -  length  of  span  for  simple  highway  spans  (tor  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridees,  and  for  bridges  carrying  el^ric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

« 

CONCENTRATED  LIVE  LOADS.— Traction  engines  weighing  20  tons  are  quite  common  in 
the  ,west  and  northwest.  The  heaviest  motor  truck  in  common  use  has  a  capacity  of  7)  tons  and 
a  total  weight  of  13  tons,  with  nearly  10  tons  on  the  rear  axle.  With  an  overload  of  50  per  cent, 
which  is  not  unusual,  this  truck  would  carry  14  tons  on  the  rear  axle.  The  maximum  road  roller 
weighs  20  tons. 

The  highway  commissions  of  the  different  states  have  adopted  concentrated  live  loads  as  fol- 
lows: Illinois  specifies  a  15-ton  traction  engine;  Iowa  specifies  a  15-ton  traction  engine  for  bridges 
with  reinforceci  concrete  floors;  Wisconsin  specifies  a  15-ton  road  roller;  Michigan  specifies  an  18-ton 
road  roller;  Nebraska  specifies  a  20-ton  traction  engine;  Minnesota  specifies  a  20-ton  traction 
engine;  New  York  specifies  a  15-ton  road  roller;  all  loadings  to  be  used  without  impact. 

Utah  specifies  an  18-ton  road  roller  with  25  oer  cent  impact;  Oregon  specifies  a  15-ton  road 
roller  for  medium  traffic  and  a  20-ton  road  roller  tor  heavy  traffic;  Ohio  specifies  a  i^ton  concen- 
trated load  with  16}  per  cent  impact;  Montana  specifies  a  20-ton  traction  engine  with  25  per  cent 
impact;  the  Massachusetts  Railway  Commission  specifies  a  20-ton  motor  truck  with  i^  tons  on  the 
rear  axle,  with  an  allowance  of  50  per  cent  for  impact  on  the  floor  and  its  supports;  Mr.  J.  A.  L. 
Waddell  in  "Bridge  Enghieering"  specifies  for  class  A  bridges  an  18-ton  motor  truck  with  impact 
allowance  as  given  above. 

For  additional  data  see  article  entitled  "Concentrated  Live  Loads  for  Highway  Bridges," 
by  Milo  S.  Ketchum,  printed  in  University  of  Colorado  Journal  of  Engineering,  October,  19 16. 

Ketdtnm's  Spedflcatknu  for  Conceatrftted  Moving  Loads.— The  author  has  adopted  the 
following  specifications  for  moving  concentrated  loads. 

(a)  That  highway  bridges  on  main  roads  or  near  towns  or  cities  shall  be  designed  to  carry 
a  20-ton  motor  truck  with  axles  spaced  12  ft.  and  wheels  with  a  6-ft.  gage,  with  14  tons  on  rear  axle 
and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and  32  ft.  long.  The  rear  wheels 
to  have  a  width  in  inches  equal  to  the  total  load  in  tons  (20  in.  for  a  20-ton  truck). 

(b)  That  bridges  not  on  main  roads  shall  be  designed  for  a  15-ton  motor  truck  with  axles 
spaced  10  ft.  and  wheels  with  a  6.ft.  gage,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with 
10  tons  on  rear  axle  and  5  tons  on  front  axle,  and  with  rear  wheels  15  in.  wide. 

(c)  To  provide  for  impact  and  vibration  and  unevenneas  of  road  surface  thirty  (30)  per  cent 
is  to  be  added  to  the  maximum  live  load  stresses.  Only  one  motor  truck  is  to  be  aasumed  to  be  on 
a  bridge  at  one  time. 
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Motor  trucks  have  narrower  tires  and  are  driven  at  greater  speeds  than  traction  engines,  and 
therefore  not  only  produce  ereater  static  stresses  in  the  floor,  but  should  have  a  greater  impact 
allowance.  In  view  of  the  above,  it  would  not  appear  to  be  necessarv  to  consider  any  road  rollers 
or  traction  engines  now  in  use  in  addition  to  the  above  motor-truck  loadings. 

DISTRIBITTION  OF  CONCENTRATlBD  LOADS.— In  designing  floor  slabs,  floor  stringers 
and  floorbeams  it  is  necessary  to  know  the  distribution  of  the  concentrated  loads. 

Concrete  Floor  Slabs. — ^Tests  of  the  distribution  of  concentrated  loads  on  concrete  floor  slabs 
have  been  made  by  the  Ohio  Highway  Commission,  the  results  of  which  are  given  in  Bulletin  No. 
28,  published  by  the  Commission;  by  Mr*  W.  A.  Slater  at  the  University  of  Illinois  and  described 
in  Proceedings  of  American  Society  for  Testing  Materials,  Vol.  XIII,  1913,  and  by  A.  T.  Goldbeck 
and  E.  B.  Smith,  described  in  Journal  of  Agricultural  Research,  Vol.  VI,  No.  6,  Department  of 
Agriculture,  Wsishington,  D.  C,  May  8,  1916. 

Ohio  Tests, — ^The  following  conclusions  drawn  from  the  Ohio  tests  are  of  interest: 

"  The  percentage  of  reinforcement  has  little  or  no  effect  upon  the  distribution  to  the  joists,  so 
long  as  safe  loads  on  the  slabs  are  not  exceeded. 

"  The  outside  joists  should  be  designed  for  the  same  total  live  load  as  the  intermediate  joists. 

"  The  axle  load  of  a  truck  may  be  considered  as  distributed  over  12  ft.  in  width  of  roadwav. 

"  The  safe  value  for  *  effective  width '  of  a  slab,  where  the  total  width  of  slab  is  greater  than 
1.33  Ir  +  4  ft.  is  given  by  the  formula,  e  —  0.6L  +  1.7  ft.,  where  e  =  effective  width  (width  over 
which  a  single  concentrated  load  may  be  considered  as  uniformlv  distributed  on  a  line  down  the 
middle  of  the  slab  parallel  to  the  supports)  and  L  ^  span  in  feet. 

Slater  Tests. — It  was  recommended  that  where  the  total  width  of  slab  is  greater  than  twice 
the  span,  the  effective  width  be  taken  as  «  =  4Je/3  +  d,  where  x  is  the  distance  from  the  concen- 
trated load  to  the  nearest  support,  and  d  is  the  width  at  right  angles  to  the  support  over  which  the 
load  is  applied.  While  the  depth  of  slab  and  the  amount  of  longitudinal  reinforcement  had  little 
efiFect  on  the  distribution,  it  was  recommended  that  the  latter  be  limited  to  i  pnercent. 

Goldbeck  and  Smith  Tests. — ^Tests  were  made  on  three  slabs,  each  slab  being  32  ft.  wide,  16  ft. 
span,  and  with  effective  depths  of  10.5  in.,  8.5  in.  and  6  in.,  respectively.  All  slabs  were  made  of 
1-2-4  Portland  cement  concrete,  and  were  reinforced  with  0.75  per  cent  of  mild  steel. 

The  following  conclusions  were  drawn  from  these  tests: 

(i)  The  effective  width  decreases  as  the  effective  depth  increases;  the  effective  width  for  safe 
loads  being  75.7  per  cent;  81.1  per  cent,  and  109.3  P^r  cent  of  the  span,  for  the  slabs  having  effective 
depths  of  10.5  m.,  8.5  in.  and  6  in.,  respectively. 

(2)  For  slabs  in  which  the  ratio  of  the  width  of  the  slab  is  not  less  than  twice  the  span  length, 
the  effective  width  may  be  taken  as 

e^o.yL  (34) 

where  e  is  the  effective  width  and  L  is  the  span  length. 

(Additk>nal  tests  by  Goldbeck,  Proceedings  American  Concrete  Institute,  191 7,  show  that 
formula  (34)  may  be  used  when  the  width  of  the  slab  is  not  less  than  the  span.) 

Watson's  **  General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  specifies  that  con- 
centrated loads  on  reinforced  concrete  slabs  may  be  assumed  as  distributed. over  a  distance  of  4  ft. 
at  right  angles  to  the  supports,  and  a  distance  parallel  to  the  supports  equal  to  2  ft.  plus  three- 
tenths  of  the  span  of  the  slab. 

The  State  Highway  Department  of  Ohio  uses  the  following  distribution  of  concentrated  loads 
on  floor  slabs. 

For  spans  less  than  6  ft.  the  percentage,  p,  of  the  wheel  load  carried  by  one  foot  in  width  of 
slab  for  a  span  in  feet,  /,  is  given  by  the  formula 

p  ^42-41  (35) 

while  for  spans  greater  than  6  ft.  the  percentage,  p',  of  the  wheel  load  carried  by  one  foot  in  width 
of  ^b  for  a  span  in  feet,  /,  is  given  by  the  formula 

p'  ^  20-  04/  (36) 

For  a  span  of  5I  ft.,  from  formula  (35),  p  —  20  per  cent,  and  the  concentrated  load  is  assumed 
as  carried  by  a  slab  5  ft.  wide,  applied  on  a  Ime  parallel  to  the  supports. 

For  a  span  of  10  ft.,  from  formula  (36),  p'  «  16  per  cent,  and  the  concentrated  load  is  assumed 
as  carried  by  a  slab  6.67  ft.  wide,  applied  on  a  line  parallel  to  the  supports. 


112f 


STEEL  HIGHWAY  BRIDGES. 


Chap.  III. 


Floor  StringeTB  and  Floorbeams. — ^Tbe  lUinois  Highway  Commission  specifies  that  longi- 
tudinal stringers  be  spaced  not  more  than  2)-ft.  centers,  and  that  each  stringer  be  designed  for  20 
per  cent  of  the  rear  axle  load  concentrated  at  the  center  of  the  span  when  a  concrete  sub-floor  is 
used,  and  25  per  cent  of  the  rear  axle  load  when  a  plank  floor  is  used.  Transverse  stringers  or 
floorbeams,  spaced  not  more  than  2)-ft.  centers,  shall  be  designed  to  carry  40  per  cent  of  the  rear 
axle  load  distributed  over  the  middle  10  ft.  of  the  stringer.  Floorbeams  shall  be  designed  for 
maximum  stresses  due  to  concentrated  load. 

The  Iowa  Highway  Commission  specifies  that  one-third  of  a  wheel  load  be  assumed  as  carried 
by  one  joist,  when  a  concrete  floor  slab  is  used,  and  that  one-half  of  a  wheel  load  be  assumed  as 
carried  by  one  joist,  when  a  plank  floor  is  used. 

The  Massachusetts  Railway  Commission  specifies  that  the  wheel  load  on  plank  floors  be  dis- 
tributed over  a  width  in  feet  equal  to  the  thickness  of  the  floor  in  inches,  with  a  maximum  distri- 
bution of  6  ft.     With  solid  floors  each  wheel  load  is  assumed  as  distributed  over  a  width  of  6  ft. 

Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  19 16,  specifies  that 
the  part  of  the  concentrated  load  carried  by  one  stringer  shall  be  found  by  dividing  the  stringer 
spacing  by  the  gage  distance  of  the  concentrated  load.  With  a  gage  distance  of  6  ft.  this  gives 
one-third  the  total  load  for  a  strin{[er  spacing  of  2  ft.;  one-half  the  total  load  for  a  stringer  spac- 
ing of  3  ft.;  the  total  load  for  a  stringer  spacing  of  6  ft. 

Ketchum's  Specifications  for  Distribution  of  Concentrated  Loads. — ^From  a  study  of  the 
various  tests  and  specifications,  the  author  has  adopted  the  following  rules  for  calculating  the 
stresses  in  slabs,  stringers  and  floorbeams: 
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(a)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  longitudinal  girders  shall  be  calculated  by  the  formula, 


«-l(/  +  c) 


(37) 


with  a  maximum  limit  of  6  ft.  for  e,  where  e  »  effective  width  (distance  that  the  load  may  be  con- 
sidered as  uniformly  distributed  on  a  line  down  the  middle  of  the  slab  parallel  to  the  supports), 
/  SB  span,  and  c  »  width  of  tire  of  wheel,  all  distances  in  feet.     See  Fig.  6. 

(h)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  transverse  girders  shall  be  calculated  by  the  formula 


«  -  ^/3  +  c 


(38) 


with  a  maximum  limit  of  6  ft.  for  e,  where  e  «  effective  width,  /  «-  ^xm,  and  c  »  width  of  tire  of 
wheel  as  defined  in  paragraph  (a).    See  Fig.  7. 

(c)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  slabs  of  girder 
bridges  in  which  the  span  of  the  bridge  is  not  less  than  the  width  of  bridge  center  to  center  of 
girders,  shall  be  calculated  for  spans  of  9  ft.  or  over  by  the  formula 


e  -  2//3 


(39^ 


with  a  maximum  limit  of  e 
graph  (a). 


12  ft.,  where  e  »  effective  width,  and  /  »  span  as  defined  in  para- 
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{d)  The  effective  width  for  shear  in  beams  carrying  concentrated  loads  •shall  be  taken  the  same 
as  for  bending  moment  as  calculated  by  formula  (37)  or  formula  (38),  with  a  minimum  effective 
width  of  3  ft.  and  a  maximum  effective  width  of  6  ft. 

The  total  shear  for  an  effective  width  of  3  ft.  shall  be  considered  as  punching  (pure)  shear. 
The  total  shear  for  an  effective  width  of  4.5  ft.  and  over  shall  be  considered  as  beam  shear  (a 
measure  of  diagonal  tension),  for  effective  widths  between  3  ft.  and  4.5  ft.  the  total  shear  shall  be 
divided  proportionally  between  punching  shear  and  beam  shear.  Beam  shear  shall  be  used  in 
calculating  Dond  stress  and  as  a  measure  of  diagonal  tension. 

(e)  In  the  design  of  longitudinal  joists  or  stringers  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  stringer  for  spacings  6  ft.  or  less  will  be  taken  equal  to  the  stringer 
spacing  in  feet  divided  by  6  ft.;  with  plank  floors  the  fraction  of  the  concentrated  load  carried  by 
one  stringer  for  spacings  4  ft.  or  less  will  be  taken  equal  to  the  stringer  spacing  in  feet  divided 
by  4  ft.,  the  maximum  in  each  case  being  the  full  load.  Outside  stringers  are  to  be  designed  for 
the  same  load  as  intermediate  stringers. 

(/)  In  the  design  of  transverse  stringers  or  floorbeams  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  floorbeam  for  floorbeams  spaced  6  ft.  or  less,  will  be  taken  e^ual 
to  the  floorbeam  spacing  divided  by  6  ft.  For  floorbeams  spaced  6  ft.  or  over  the  entire  reactions 
are  assumed  as  carried  by  one  floorbeam.  Axle  loads  are  assumed  as  distributed  on  a  line  12  ft. 
long. 

UNIFORM  LIVE  LOADS  FOR  TRUSSES.— The  uniform  live  loads  for  trusses  of  steel  high- 
way bridges  as  specified  by  the  highway  commissions  of  Illinois,  Iowa  and  Wisconsin,  the  American 
Concrete  Institute,  19 16,  and  the  uniform  loads  as  specified  by  the  author  for  classes  Di  and  Da 
are  given  in  Table  I.  The  Di  and  Ds  loadings  are  to  be  taken  as  proportional  for  intermediate 
spans,  and  are  to  be  increased  for  impact. 

It  will  be  seen  that  the  Di  loadings  with  impact  added  are  practically  the  same  as  the  Illinois 
loadings;  while  the  Ds  loadings  with  impact  added  are  practically  the  same  as  the  Iowa  and  Wis- 
consin loadings. 

TABLE  I. 

Uniform  Live  Loads  for  Highway  Bridges. 
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■  impact. 

1 

UmPORM  LIVE  LOADS  FOR  FLOORS.— The  Illinois  Highway  Commission  specifies  that 
stringers  and  floorbeams  for  spans  of  50  ft.  and  less  shall  be  desired  for  a  uniform  live  load  of  125 
lb.  per  sq.  ft.,  and  of  ^pans  over  50  ft.  in  length  for  a  uniform  live  load  of  100  lb.  per  sq.  ft.,  or  a 
15-ton  concentrated  load  for  all  spans.     No  allowance  is  made  for  impact. 

The  Iowa  Highway  Commission' specifies  a  live  load  of  100  lb.  per  sq.  ft.  or  a  15-ton  traction 
engine  for  class  "A"  floors,  and  a  live  load  of  100  lb.  per  sq.  ft.,  or  a  lo-ton  traction  engine  for  class 
"  B  "  floors  (plank  floors).     No  allowance  is  made  for  impact. 

The  Wisconsin  Highway  Commission  specifies  that  floor  systems  and  spans  under  40  ft.  be 
designed  for  a  15-ton  road  roller.     No  allowance  is  made  for  impact. 
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The  Michigan  Highway  Commission  specifies  that  the  floor  and  its  supports  be  designed  for 
an  1 8-ton  road  roller,  or  loo  lb.  per  sq.  ft.      No  allowance  is  made  for  impact. 

The  floor  systems  for  Di  bridges  are  to  be  designed  for  125  lb.  per  sq.  ft.  or  a  20-ton  auto  truck; 
while  Dt  bridges  are  to  be  designed  for  100  lb.  per  sq.  ft.  or  a  15-ton  auto  Xruck.  An  impact  factor 
of  30  per  cent  is  to  be  added  both  for  the  uniform  loads  and  for  the  auto  truck. 

WIND  LOADS  FOR  HIGHWAY  BRIDGES.— The  Illinois  Highway  Commission  specifies  a 
wind  load  of  25  lb.  per  sq.  ft.  on  the  vertical  projection  of  both  trusses  and  the  floor  system,  but  in 
no  case  shall  the  wind  be  less  than  300  lb.  per  lineal  foot  on  the  loaded  chord  nor  less  than  150  lb. 
per  lineal  foot  on  the  unloaded  chond. 

The  Iowa  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord  and 
300  lb.  per  lineal  foot  on  loaded  chord,  all  loads  considered  as  moving  loads. 

The  Wisconsin  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord 
and  300  lb.  per  lineal  foot  on  the  loaded  chord;  150  lbs.  of  the  latter  being  considered  a  moving 
load. 

Cooper's  1909  specifications  require  that  highway  bridges  be  designed  for  a  lateral  force  of 
150  lb.  per  lineal  foot  on  the  unloaded  chord  and  a  lateral  force  of  300  lb.  per  lineal  foot  on  the 
loaded  chord,  150  lb.  of  the  load  on  the  loaded  chord  being  treated  as  a  movmg  load.  For  spans 
exceeding  300  ft.  add  in  each  case  above  10  lb.  for  each  additional  30  ft. 

The  author's  specifications  for  wind  loads  are  given  in  "  General  Specifications  for  Steel  High- 
way Bridges"  given  in  the  latter  part  of  this  chapter. 

DESIGN  OF  HIGHWAY  BRIDGE  FLOORS.  Types  of  Floors.— The  choice  of  floor  for  a 
highway  bridge  depends  upbn  the  traffic,  the  cost,  including  first  cost  and  cost  of  maintenance,  and 
the  climate.  A  highway  bridge  floor  consists  of  a  sub-floor  which  has  the  necessary  strength  to 
carry  the  loads  and  a  wearing  surface.  Plank  floors  and  reinforced  concrete  slabs  without  wearing 
surface  have  the  sub-floor  and  wearing  surface  combined.  A  highway  bridge  floor  should  have 
a  strength  and  a  weight  appropriate  to  the  structure  of  the  bridge,  and  should  be  well  drained. 
The  wearing  surface  should  be  waterproof,  capable  of  resisting  wear  and  should  be  as  smooth  as 
possible  without  being  slippery.  For  proper  drainage  the  wearing  surface  should  have  a  k>ngi- 
tudinal  grade  of  not  less  than  i  in  50  or  a  transverse  slope  of  not  less  than  i  in  12.  Sub-floors  for 
highway  bridges  are  made  (i)  of  reinforced  concrete;  (2)  of  buckle  plates  or  other  steel  sections, 
and  (3)  of  timber.  The  most  common  wearing  surfaces  for  highway  bridge  floors  are  (a)  concrete, 
(b)  bituminous  concrete,  (c)  asphalt,  (d)  creosoted  timber  blocks,  (e)  brick,  (J)  stone  block,  (g) 
macadam,  (A)  gravel  or  earth.  The  different  types  of  sub-floors  and  wearing  surfaces  for  highway 
bridges  will  be  described  in  some  detail: 

Reinforced  Concrete  Floor  Slabs. — Reinforced  concrete  floor  slabs  on  steel  highway  bridges 
may  be  supported  on  joists  or  stringers  and  floorbeams,  or  by  the  floorbeams  alone.  Stringers 
are  used  for  beam  bridges  and  are  commonly  used  for  truss  bridges,  while  the  stringerless  floor  is 
commonly  used  on  plate  girder  bridges.  The  sub-floor  slabs  are  commonly  calculated  to  carry 
the  dead  load  due  to  the  weight  of  the  slab  and  of  the  wearing  surface,  and  a  live  load  consisting 
of  a  uniform  load  per  square  foot  or  a  concentrated  moving  load.  The  thickness  of  reinforced 
concrete  slabs  in  short  spans  is  commonly  determined  by  the  concentrated  moving  load.  The 
stresses  in  reinforced  concrete  slabs  due  to  a  concentrated  load  will  depend  upon  the  distribution 
of  the  load  over  the  slab.  The  different  methods  for  the  distribution  of  concentrated  loads  in  use 
in  different  specifications  have  been  described  and  the  specifications  adopted  by  the  author  have 
already  been  given. 

Design  of  Reinforced  Concrete  Floor  Skbs.— The  live  loads  and  the  distribution  of  loads  on 
floor  slabs  as  specified  by  the  author  are  given  on  pages  11 2d  and  i  I2f.  The  concrete  should  be 
a  1-2-4  Portland  cement  concrete  that  will  give  a  compressive  strength  of  not  less  than  2,000  lb. 
per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  16  in.  long  after  having  been  stored  for 
28  days  in  moist  air.  Allowable  compression  in  slabs,  650  lb.  per  sq.  in.;  allowable  tensile  stress 
in  steel,  16,000  lb.  per  sq.  in.,  modulus  of  elasticity  of  steel  to  be  taken  as  15  times  the  modulus  of 
elasticity  of  concrete,  allowable  shear  as  a  measure  of  diagonal  tension  40  lb.  per  sq.  in.;  punching 
shear  120  lb.  per  sq.  in.,  bond  stress  in  slabs  120  lb.  per  sq.  in. 
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The  thickness  of  floor  slabs  when  supported  on  longitudinal  joists  of  stringers  is  given  in 
Table  II  and  the  thickness  of  floor  slabs  when  supported  on  cross  floorbeams  (stringerless  floor) 
is  given  in  Table  III.  The  reinforcing  steel  for  reinforced  concrete  floor  slabs  is  given  in  Table 
IV.  The  reinforcement  given  in  the  table  is  to  be  placed  at  the  bottom  of  slabs  calculated  as 
simply  supported  and  at  top  and  bottom  of  slabs  calculated  as  continuous  or  partially  continuous. 

TABLE  II. 
Thickness  of  Reinforced  Concrete  Floor  Slabs,  used  with  Joists. 
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Reinforced  as  in  Table  IV. 
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slab.     Impact  30  per  cent. 

TABLE  III. 
Thickness  of  Reinforced  Concrete  Floor  Slabs,  used  without  Joists. 
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Impact  30  per  cent,  of  live  load. 

Remforccd  as  in  Table  IV. 

Examples  of  Reinforced  Concrete  Floor  Slabs. — ^The  reinforced  concrete  floor  slabs  used  by 
the  Wisconsin  Highway  Commission  are  given  in  Fi^.  14,  Fig.  15,  Fig.  21  and  Fig.  22.  The  floor 
slabs  used  by  the  Iowa  Highway  Commission  are  given  in  Fig.  12,  Fig.  13,  Fig.  17,  and  Fig.  24. 
For  a  stringerless  floor  the  slabs  used  by  the  Iowa  commission  agree  very  closely  with  the  values 
given  in  Table  III. 
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Reinforcement  for  Reinforced  Concrete  Floor  Slabs. 
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The  reinforcement-given  in  this  table  is  to  be  used  at  the  bottom  of  slabs  figured  as  simple 
supported,  and  at  the  top  and  bottom  of  slabs  figured  as  continuous  or  partially  continuous  over 
the  supports.     Longitudinal  reinforcement  ^  in.  round  or  square  bars  spaced  two  feet  centers. 
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Interpolate  for  intermediate  slabs. 

The  Illinois  Highway  Commission  for  stringer  spacings  of  about  2}  ft.  uses  a  concrete  sub- 
floor  4  in.  thick,  with  a  4  in.  concrete  wearing  surface,  or  a  3  in.  creosoted  timber  block  wearing 
surface.  The  concrete  sub-floor,  4  in.  thick,  is  reinforced  on  the  under  side  with  )  in.  square  bars, 
spaced  6  in.  centers  and  centers  i  in.  above  lower  edp;e.  Transverse  reinforcement  consists  of 
I  in.  square  bars  spaced  12  in.  centers.  The  concrete  is  specified  as  1-2-3I  mix,  and  is  designed 
for  a  stress  of  800  lb.  per  sq.  in. 

The  West  Virginia  Highway  Commission  specifies  1-2-4  concrete  and  a  minimum  thickness 
of  slab  of  5  in.  to  the  center  of  the  tension  reinforcement. 

The  Ohio  Highway  Commission  specifies  concrete  slabs  for  different  strin^r  spacings  as 
follows:  5  in.  slab  for  2  ft.  spacing;  6  in.  slab  for  3  ft.  spacing;  6  in.  slab  for  4  ft.  spacing. 

Specifications  for  highway  brid^  of  the  state  of  Nebraska  specify  slabs  made  of  concrete  of 
a  1-2-4  ^"^t  ^  in*  thick  reinforced  with  i  in.  round  bars  spaced  6  m.  centers.  The  bottom  of  the 
concrete  to  be  i  inch  below  top  of  joists. 

The  standard  reinforced  concrete  floor  used  by  the  Michigan  Highway  Commission  is  shown 
in  Fig.  8.  The  slab  is  6}  in.  thick  at  the  center  and  6  in.  thick  at  the  curb.  The  details  of  the 
floor  are  shown  in  the  cut. 

Budde  PUtes. — Buckle  plates  are  made  by  "dishing**  flat  plates  as  in  Table  55,  Part  H. 
The  width  of  the  buckle  W  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be 
turned  with  the  greater  dimension  in  either  dimension  of  the  plate.  Several  buckles  may  be  put 
in  one  plate,  all  of  which  must  be  of  the  same  size  and  be  symmetrically  placed.  Buckle  plates 
are  made  }  in.,  A  in*»  I  >n.  and  ^  in.  thick.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  edges  with  a  maximum  spacing  of  6  inches,  and  should  be  supported  transversely 
between  the  buckles.  The  process  of  buckling  distorts  the  plates  and  an  extra  width  should  be 
ordered,  and  the  plate  should  be  trimmed  after  the  process  is  complete.  The  buckle  plates  arc 
usually  supported  on  the  tops  of  the  stringers,  but  may  be  fastened  to  the  bottoms  of  the  stringers. 
The  space  above  the  buckles  is  filled  with  concrete  which  carries  the  wearing  surface.  Buckle 
plates  are  now  seldom  used  except  for  special  floors  and  heavy  floors  where  the  weight  of  a  rein- 
forced concrete  floor  would  be  too  great,  or  where  it  is  necessary  to  cut  down  the  clearance. 
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Pla&  Floon. — As  long  as  an  eaodlent  grade  of  timber  was  available  and  tbe  concentrated 
loads  were  not  ezceanve,  timber  floors  were  quite  satisfactory  when  properly  constructed.  Plank 
floors  should  be  of  white  oak,  long  leaf  yellow  pine  or  similar  timber,  laid  transversely.  Where 
two  layers  of  plank  are  used  the  lower  layer  is  laid  diagonally.  Planks  should  be  from  6  in.  to 
12  in.  wide  and  not  less  than  3  in.  thick.  To  carry  modem  auto  trucks  the  plank  should  have  a 
minimum  thickness  in  inches  of  three  halves  the  spacing  of  the  stringers  in  feet.     Planks  should 
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Fig.  8.    Reinforced  Concrete  Floor,  Michigan  Highway  Commission. 


be  laid  from  }  in.  to  }  in.  apart  so  that  water  will  not  be  retained,  but  will  run  through  and  will 
give  the  planks  an  opportunity  to  dry  out.  Where  more  than  one  layer  of  planks  is  used  a  liberal 
coating  of  ooal  tar  to  the  upper  side  of  the  lower  plaaks  and  to  the  lower  side  of  the  upper  planks 
will  materially  prolong  the  life  of  the  floor.  The  timber  in  floors  made  of  more  than  one  layer  of 
planks  should  be  creosoted.  Each  plank  should  be  solidly  spiked  to  each  joist  with  spikes  having 
a  length  not  less  than  twice  the  thickness  of  the  plank,-  or  6-in.  spikes  for  3-in.  plank  and  8-in. 
spikes  for  4'in.  plank.  Where  steel  joists  are  used,  spiking  strips  about  3  in.  by  8  in.  are  bolted  to 
the  tops  of  all  joists,  or  spiking  strips  4  in.  by  6  in.  are  bolted  to  the  sides  of  three  lines  of  joists 
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under  each  piank  length.  When  the  latter  method  is  used  the  floor  planks  are  fastened  to  the 
intermediate  joists  by  bending  spikes,  driven  through  the  floor  plank,  around  the  upper  flanges  of 
the  joist.  For  specifications  for  plank  floors,  see  the  author's  "General  Specifications  for  Steel 
Highway  Bridges." 

The  thickness  of  plank  for  different  loadings  and  spans  calculated  for  the  allowable  stresses 
required  by  the  author's  specifications  are  given  in  Table  V. 

Laminated  Timber  Floor. — ^Highway  bridge  floors  are  sometimes  made  by  placing  2  in.  by 
4  in.,  2  in.  by  6  in.,  or  3  in.  by  8  in.  timbers  on  edge  and  spiking  them  together.  A  waterproof 
wearing  surface  is  placed  on  top  of  the  laminated  base.  The  safe  spans  for  a  laminated  timber 
floor  may  be  taken  the  same  as  for  planks  12  inches  wide. 

The  Oregon  Highway  Commission  uses  laminated  wood  floors  made  of  3  in.  by  8  in.  timbers 
placed  on  edge  and  spiked  together  at  intervals  of  not  less  than  18  in.  "  The  timbers  shall  prefer- 
ably be  long  enough  to  extend  the  full  width  of  the  roadway,  and  in  no  case  shall  more  than  two 
lengths  be  used  in  the  width  of  roadway.  Every  fifth  timber  shall  project  )  in.  above  the  inter- 
vening four  pieces,  to  furnish  a  grip  for  the  waterproof  wearing  surface." 

A  laminated  floor  made  of  2  in.  by  4  in.  pine  timbers  placed  on  edge  and  spiked  toother  was 
used  for  reflooring  23d  Street  Brid^,  Denver,  Colorado.  The  laminated  timber  base  is  covered 
with  an  asphalt  paving  i)  inches  thick. 

TABLE  V. 

Thickness  of  i  2-inch  Floor  Plank. 

For  8-inch  plank  add  23  per  cent  to  the  thickness  of  plank. 
Thickness  in  Inches,  Actual  Size,  No  Impact. 
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Allowable  Stresses. — Bending  stress,  1,500  lb.  per  sq.  in.;  bearing  across  fiber,  400  lb.  per  sq.  in. 
Minimum  thickness  of  plank  allowed  by  Ketchum's  specifications  is  3  in.;   majEimum  spacing 
of  joists  is  30  in. 

Creosoted  Timber  Floor. — Creototed  timber  may  be  used  as  a  sub-floor  for  a  creosoted  timber 
block  wearing  surface,  for  a  bituminous  wearing  surface,  or  may  carry  a  gravel  or  earth  fill,  or  may 
have  no  wearing  surface. 

SpedficatiQiu  for  Creosoted  Umber. — ^Timber  used  for  all  creosoted  floor  timbers  except 
blocks  shall  be  first-class  oak,  long-leaf  vellow  pine  or  Oregon  fir.  It  shall  be  cut  from  live  trees  and 
shall  be  straight  grained,  free  from  shaxes,  lar^  or  loose  knots,  decayed  wood,  worm  holes  or  other 
defects  that  will  impair  its  stren^h  or  durabdity.  It  shall  be  sawed  straight  and  true  and  shall 
be  full  size.  All  timber  shall  be  impregnated  with  at  least  12  lb.  of  creosote  oil  per  cubic  foot  of 
timber.  The  creosote  oil  shall  be  a  pure  coal-tar  product  free  from  an^^  adulteration.  It  shall  be 
free  from  any  tar  or  any  petroleum  oil  or  petroleum  residue.  The  specific  pjavity-at  loo**  F.  shall 
be  at  least  1.03,  but  not  more  than  1.07.  The  creosote  oil  shall  comply  with  the  specifications  of 
the  American  Railway  Engineering  Association  for  creosote  oil.  The  timber  shall  be  impregnated 
with  creosote  oil  by  the  full  cell  process.  The  details  of  the  treatment  shall  com^y  with  the 
specifications  of  the  American  Railway  Engbeering  Aasociatioa  for  the  treatment  ol  ties  with 
creoeote  oiL 
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The  timbers  for  the  sub-floor  shall  be  surfaced  on  one  side  and  one  edge,  and  shall  not  vary 
more  than  ^  in.  from  the  specified  thickness.  The  timbers  shall  be  laid  with  the  surfaced  side 
down  with  tight  joints,  and  snail  be  fastened  to  the  outside  spiking  strips  with  two  6-in.  lag  screws 
at  each  end  of  each  plank,  and  to  the  intermediate  stringers  with  two  spikes  in  each  stringer,  the 
length  of  the  spikes  to  be  at  least  twice  the  thickness  of  the  floor  planks.  The  fellow  guard  shall 
be  bolted  to  the  stringers  with  f-in.  bolts  spaced  not  more  than  5  ft.  centers. 

WEARING  SURFACES  FOR  HI6HWAT  BRIDGE  FLOORS.— The  wearing  surface  of  a 
highway  bridge  floor  should  satisfy  the  usual  conditions  for  a  pavement  and  in  addition  should 
not  have  an  excessive  weight ;  as  an  increase  in  dead  load  on  the  bridge  increases  the  necessary 
amount  of  steel  in  the  floor  supports  and  the  trusses  and  increases  the  total  cost.  The  most 
common  wearing  surfaces  will  be  briefly  described. 

Concrete. — ^A  concrete  wearing  surface  is  laid  on  top  of  the  concrete  slab  by  the  Illinois  High- 
way Commission  as  follows: — ^The  wearing  surface  shall  have  a  thickness  of  not  less  than  4 
inches.  The  lower  2  in.  of  the  wearing  surface  shall  be  made  of  concrete  mixed  in  the  proportions 
of  one  part  Portland  cement,  2  parts  clean  sand  and  4  parts  clean  gravel  or  broken  stone  that  will 
pass  a  i§-in.  ring.  The  concrete  shall  be  thoroughly  mixed  in  a  batch  mixer  to  a  jelly-like  consis- 
tency and  shall  be  placed  immediately  on  the  sub-floor  slab.  Upon  this  concrete  layer  shall  be 
immediately  laid  a  2-in.  layer  of  mortar  made  by  mixing  one  part  Portland  cement  and  2  parts  of 
clean,  coarse  sand.  The  mortar  shall  be  mixed  to  a  jelly-like  consistency  in  a  batch  mixer  and 
shall  be  immediately  placed  upon  the  freshly  laid  concrete.  Before  the  mortar  has  begun  to  set 
it  shall  be  finished  off  with  a  wood  float,  and  before  it  has  hardened  it  shall  be  roughened  by  brush- 
ing with  a  stiff  vegetable  brush  or  broom. 

The  concrete  slab  and  the  concrete  wearing  surface  are  commonly  laid  in  one  operation, 
the  weariftg  surface  being  finished  up  as  for  a  concrete  pavement. 

Creosoted  Timber  Blocks. — ^The  blocks  shall  be  made  of  prime  sound  lone-leaf  yellow  pine 
or  Oregon  fir  and  shall  contain  no  loose  knots,  worm  holes  or  other  defects,  and  snail  be  well  manu- 
factured. No  wood  averaging  less  than  6  rings  to  the  inch,  measured  radially  from  the  center  of 
the  heart  shall  be  used.  The  blocks  shall  have  a  depth  as  specified,  but  the  depth  shall  not  be  less 
than  3  in.  The  blocks  shall  be  from  6  to  10.  in.  long.  The  width  shall  be  from  3  to  4  in.,  but  the 
blocks  in  any  contract  shall  have  the  same  width.  A  variation  of  ^  in.  in  depth  and  i  inch  in 
width  will  be  permitted.  The  width  shall  be  greater  or  less  then  the  depth  by  not  less  than  J  in. 
The  blocks  shall  be  impregnated  with  creosote  oil  by  the  full  cell  process.  The  creosote  oil  and  the 
method  of  creosoting  timber  blocks  shall  be  the  same  as  specified  for  creosoted  timber.  All  creo- 
soted timber  blocks  shall  contain  not  less  than  16  lb.  of  creosote  oil  per  cubic  foot  of  timber. 

Laving  Creosoted  Timber  Blocks. — ^When  the  creosoted  timber  blocks  are  laid  on  a  creosoted 
timber  base,  a  layer  of  tar  paper  shall  be  laid  on  the  timber  base.  When  creosoted  timber  blocks 
are  laid  on  a  concrete  floor  slab,  a  layer  of  dry  cement  mortar  made  by  mixing  dry  one  part  of 
Portland  cement  and  four  parts  of  clean  dry  sand  shall  be  spread  on  the  dry  floor  slab.  The  cement 
cushion  shall  be  rolled  to  a  thickness  of  \  m.  As  the  blocks  are  laid  on  the  concrete  slab  the  sand 
and  cement  shall  be  moistened  by  sprinkling  and  the  blocks  shall  be  laid  before  the  cement  has 
had  time  to  set.  The  blocks  shall  be  laid  at  right  angles  to  the  length  of  the  bridge  in  oarallel 
lines,  with  the  grain  vertical.  The  blocks  shall  break  joints  at  least  3  in.  Two  lines  of^  blocks 
shall  be  laid  next  to  the  curb  with  the  long  dimension  of  the  block  parallel  to  the  bridge,  and  the 
remainder  of  the  blocks  shall  be  laid  at  right  angles  to  those  blocks.  The  blocks  shall  be  laid  with 
open  joints,  )-in.  open  joints  transversely,  }-in.  open  joints  longitudinally.  Expansion  joints  not 
less  than  i  in.  thick  the  full  depth  of  the  block  shall  be  provided  along  each  curb,  and  transverse 
joints  not  less  than  }  in.  thick  shall  be  provided  every  50  ft.  in  length  of  the  bridge.  These  joints 
shall  be  kept  closed  until  the  blocks  are  all  laid,  and  the  space  is  then  to  be  filled  with  a  bituminous 
filler.  After  the  blocks  have  been  laid  they  shall  be  tamped  or  rolled  to  firm  bearing.  All  defect- 
ive, broken,  damaged  or  displaced  blocks  shall  be  removed  and  replaced  with  sound  blocks.  All 
joints  and  expansion  joints  shall  then  be  filled  to  a  depth  of  two-thirds  the  depth  of  the  block  with 
a  satisfactory  bituminous  filler.  The  filler  shall  not  oe  brittle  at  o*  F.  nor  flow  at  1 20*  F.  The 
filler  shall  be  applied  at  a  temperature  of  not  less  than  300*'  F.  After  the  first  application  has 
set  the  joints  shall  be  filled  to  the  proper  height  with  a  secoYid  coat.  Joints  shall  be  filled  only  in 
dry  weather,  when  the  temperature  is  not  less  than  50^  F.  Before  the  second  coat  has  hardened 
a  layer  of  sand  }  in.  thick  shall  be  spread  on  the  surface  and  shall  be  swept  into  the  joints. 

Bttnmiiioiis  Wearing  Surface  Floors. — ^Bituminous  wearing  surface  floors  may  be  laid  on  a 
creosoted  timber  sub-floor  or  on  a  concrete  sub-floor. 
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Bitmninoas  Wearing  SuilBce  on  Umber  Sub-Floor. — The  bituminous  wearing  surface  may 
be  put  on  hot  by  the  standard  method,  or  by  a  cold  process.  The  specifications  adopted  in  191 7 
by  the  Illinois  Highway  Commission  are  as  follows: 

Bttiuninous  Wearing  Surface — ^Hot  Penetration  Method.    Illinois  Highway  Commissioii. 

Asphalt. — ^Th^  asphalt  used  for  bituminous  wearing  surface  shall  conform  to  the  following 
requirements:  Asphalt  shall  have  a  specific  gravity  at  25^  C.  of  not  less  than  0.97  nor  more  than 
unity.  It  shall  be  soluble  in  cold  carbon  disulphide  to  the  extent  of  at  least  98  per  cent.  Of  the 
total  bitumen,  not  less  than  22  per  cent  nor  niore  than  30  per  cent  shall  be  insoluble  in  86^  B. 
naphtha.  When  20  grams  (in  a  tin  dish  2)  in.  in  diameter  and  }  in.  deep  with  vertical  sides)  are 
maintained  at  a  temperature  of  163^  C.  for  5  hours  in  a  N.  Y.  testing  laboratory  oven,  the  evapora- 
tion loss  shall  not  exceed  2  per  cent  and  the  penetration  shall  not  have  been  decreased  more  than 
25  per  cent.  The  fixed  carbon  shall  not  exceed  16  per  cent  by  weight.  The  penetration  as  de- 
termined with  the  Dow  machine  using  a*No.  2  needle,  100  g.  weight,  5  seconds  time,  and  a  tem- 
perature of  25°  C.  shall  be  not  less  than  30  nor  more  thali  50.  The  asphalt  shall  contain  not  to 
exceed  6  per  cent  by  weight  of  paraffine  scale. 

Aggrefoie. — ^The  aggregate  shall  consist*of  screened  gravel,  which  shall  have  been  approved 
by  the  engineer,  dry,  free  from  dust,  dirt  and  clay,  and  graded  in  size  from  |  in.  to  }  in. 

Cleaning  Sub- Planking. — Before  placing  the  wearing  surface,  the  sub-planking  shall  be  thor- 
oughly cleaned  from  all  foreign  matenal  and  the  cracks  shall  be  filled  and  the  plank  covered  to  a 
depth  of  approximately  )  in.  with  asphalt  of  the  character  herein  specified,  which  shall  be  applied  at 
a  temperature  of  not  less  than  400**  F.    The  sub-planking  shall  be  dry  when  the  asphalt  is  applied. 

Placing  Wearing  Surface. — ^The  gravel  shall  be  spread  on  the  asphalt  covering  while  the  same 
is  hot  and  in  a  quantity  which  will  just  cover  the  asphalt.  The  thickness  must  not  exceed  that 
which  will  be  formed  by  a  single  layer  of  the  gravel  pebbles. 

Upon  the  material  thus  spread,  there  shall  be  poured  hot  asphalt  until  the  interstices  are  all 
filled,  the  asphalt  being  at  a  temperature  of  not  less  than  400°  F. 

Upon  the  layer  of  asphalt  thus  poured  there  shall  be  spread  a  second  layer  of  gravel  which  shall 
not  exceed  the  thickness  of  a  single  layer  of  pebbles,  but  which  must  be  spread  in  sufiiciex\t  quantity 
to  cover  completely  the  layer  of  asphalt. 

Upon  the  layer  of  gravel  thus  spread  there  shall  be  poured  hot  asphalt  until  all  the  interstices 
are  filled,  the  asphalt  having  a  temperature  of  not  less  than  400^  F. 

Finish, — ^The  surface  shall  then  be  covered  with  a  layer  of  pebbles  just  sufficient  to  cover  the 
asphalt,  the  pebbles  to  be  well  rolled  or  tamped  into  the  asphalt  and  the  surface  finally  covered 
with  coarse  sand  sufficient  to  take  up  any  free  asphalt.  After  the  surface  has  stood  for  one  day, 
it  may  be  opened  to  traffic. 

Bituminous  Wearing  Surface — Cold  Mixing  Method,  using  an  Asphalt  Emulsion.  Illinois 
Highway  Commission. 

Asphalt  Emulsion, — ^The  emulsion  shall  consist  of  asphalt,  water  and  fatty  or  resin  soap  thor- 
oughly emulsified.    It  shall  conform  to  the  following  requirements: 

Total  bitumen Not  less  than  60.0  per  cent 

Specific  ^avity  of  dehydrated  material Not  less  than  i.ooo 

Penetration  of  dehydrated  material,  25"  C,  100  gm.,  5  sec 150  to  200 

Total  Bitumen. — ^The  total  bitumen  shall  be  considered  as  being  100  minus  the  sum  of  the 
percentages  of  water,  of  fatty  or  resin  acids,  of  organic  matter  insoluble  in  carbon  disulphide  other 
than  fatty  or  resin  acids  from  the  soap,  or  mineral  matter  (ash),  and  of  ammonia. 

For  percentages  of  water,  fatty  or  resin  acids,  organic  matter  insoluble  in  carbon  disulphide, 
mineral  matter  (ash),  and  ammonia,  see  United  States  Department  of  Agriculture  Bulletin  314, 
p.  41. 

Specific  Gravity. — ^Standardized  pycnometers,  United  States.  E>epartment  of  Agriculture 
Bulletin  314,  p.  4. 

Penetration.^A.  S.T.M.Stsind.    Ti»tD5-i6. 

Aggregate. — The  aggregate  shall  consist  of  crushed  stone  chips  uniformly  graded  from  ]  in. 
down  to  dust  with  all  oust  removed,  to  which  shall  be  added  sufficient  sand  to  fill  all  remaining 
voids,  but  not  to  exceed  20  per  cent  of  the  volume  of  the  aggregate. 

Cleaning  Sub-Planking. — Before  placing  the  weanng  surface,  the  sub-planldng  shall  be 
thoroughly  cleaned  from  all  foreign  material  and  all  cracks  shall  be  filled  with  wood  strips  or  oakum. 

Mixing  Materials, — ^The  aggregate  and  the  asphalt  emulsion  shall  be  mixed  cold  in  the  pro- 
portions of  I  gal.  of  emulsion  to  i  cu.  ft.  of  aggregate.  To  facilitate  mixing,  water  to  the  extent  of 
20  per  cent  may  be  added  to  the  emulsion.  The  proportions  given  above  K>r  mixing  the  aggre^te 
and  the  emulsion  are  based  on  the  undiluted  emulsion.  The  mixing  shall  be  done  on  a  tight 
mixing  board  or  in  a  batch  concrete  mixer,  and  shall  continue  until  afi  particles  of  the  aggregate ' 
are  thoroughly  coated. 
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Placing  Wearing  Surface. — ^After  mixing,  the  material  shall  be  spread  upon  the  roadway  in 
sufficiGat  quantity  to  provide  a  thickness  of  J  in.,  after  rolling  or  tamping. 

Finish. — ^After  the  material  has  been  rolled  or  tamped  smootli  and  to  a  uniform  thickness  of 
J  in.,  the  surface  shall  be  given  a  paint  coat  of  the  emulsion  applied  at  the  rate  of  1  gal.  per  scj.  yd., 
and  then  shall  be  covered  with  coarse  sand  sufikient  to  take  up  any  free  asphalt  and  to  hll  all  voids 
in  the  surfaoe.    After  the  surface  has  stood  for  one  day,  it  may  be  opened  to  traffic. 

BiUiuiUMms  PcvoBMlt  on  Concr^e. — A  bituminous  wearing  surface  may  U'  laid  as  on  the 
creoeoted  plank  sub^floor,  or  the  wearing  surface  may  be  laid  according  to  the  following  standard 
method.  The  concrete  shall  be  dry  and  thoroughly  clean.  A  bituminous  wearing  surface  two 
inches  thick  is  applied  as  follows:  The  aggregate  consists  of  broken  stone  or  gra\el  passing  a 
one-inch  screen  with  the  dust  screened  out  to  which  is  added  san<l  equal  to  about  one-quarter  to 
one-half  the  volume  of  the  stone.  The  aggregates  shall  be  heated  and  mixed  with  the  bituminous 
material  in  a  mechanical  mixer  or  by  hand  with  hot  shovels.  The  asphalt  shall  be  mixe<l  not  less 
than  20  gallons  to  the  cubic  yard  of  aggregate  at  a  temjjeraturc  of  350°  to  400*^  F.  The  mixture 
shall  be  applied  hot  to  the  concrete  surface  and  shall  be  raked  with  not  hoes  or  rakes  and  is  rolled 
with  a  roller  weighing  not  less  than  5  tons.  After  the  surface  has  been  rolled  a  layer  of  hot  asphalt 
shall  be  applied  and  a  layer  of  coarse  sand  rolled  into  hot  asphalt. 

Kyimqijps  of  Hi^bmy  Bridge  Floors. — ^The  following  examples  of  highway  bridge  floors 
specified  by  different  highway  commissions  are  of  interest. 

The  lUinois  Highway  Commission  uses  tlie  following  standard  floors:  (i)  A  reinforced  con- 
crete sub-floor  4  in.  tliick,  and  a  concrete  wearing  surface  4  in.  thick,  weight  loo  lb.  per  sq.  ft.; 
12  I  a  reinforced  concrete  sub-floor  4  in.  thick  and  a  crtosoted  timber  block  wearing  surface  3  in. 
thick,  weight  65  lb.  per  sq.  ft,;  (3)  a  creosoted  plank  sub-floor  3  in.  thick  and  a  wearing  surface  of 
creosoted  timber  blocks  3  in.  thick,  weight  32  lb.  per  sq.  ft.;  and  (^4}  a  cruosoted  timber  ship  lap 
tioor  3  in.  thick  and  a  wearing  surface  of  creosoted  timber  blocks  3  in.  tlilck,  weight  26  lb.  per  sq.  ft. 

The  Michigan  Highway  Commission  uses  the  iollo>\ing  surface  treatment  on  concrete  floor 
slabs.  The  surface  of  the  concrete  is  thoroughly  cleaned  and  3  of  a  gallon  per  scj.  yd.  of  coal  tar 
heated  to  a  temperature  of  250"  to  350°  F.  is  spread  over  the  slal).  While  the  tar  is  hot  the  surface 
is  evenly  covered  with  a  layer  J  in.  thick  of  clean,  sharp,  coarse  sand. 

The  Wisconsin  Highway  Commission  does  not  specify  a  wearing  coat  on  top  of  concrete  floor 
slabs. 

The  Iowa  Highway  Commission  uses  either  a  3  in.  fill  of  gravel  or  a  creos^jted  block  floor  3  in. 
thick.  Concrete  slabs  are  covered  with  a  bituminous  coating  madt-  by  appKing  3  of  a  gallon  per 
s'i-  yd.  of  hot  tar  to  the  dean  dry  slab.  A  layer  of  coarse  dr^-  band  is  heated  and  sifted  on  top  of 
me  tar. 

Cost  of  Floors. — ^The  costs  of  highway  bridge  floors  were  estimated  by  Mr.  Cliff'ord  Older, 
bridge  engineer,  IlUnois  Highway  Commis&ion  in  191 5  as  folio>^b:  Concrete  in  sub-floors  including 
reinforcing  steel,  $12.00  jier  cu.  yd.;  concrete  wearing  surface,  4  in.  thick,  ^.90  per  sq.  yd.; 
creosoted  sub-plank  (12-lb.  treatment;  in  place,  $jo  per  thousand  feet  B.  M.;  creosoted  blocks  3 
in.  tliick,  in  place,  $i.bo  per  sq.  yd.;  bituminous  gra\el  wearing  surface,  J  in.  thick,  $0.60  per  s<i. 
yd.  The  weights  and  costs  of  the  Illinois  Higliway  Commission  standard  floors  were  as  follows: 
concrete  sub-floor  4  in.  thick  and  concrete  wearing  surface  4  in.  thick,  weighb  lOO  lb.  per  sq.  ft., 
and  costs  $2.95  per  sq.  yd.;  concrete  sub-floor  4  iii.  thick,  and  creosoted  blocks  3  in.  thick,  weighs 
t>5  lb.  per  sq.  ft.,  and  costs  $3.25  per  sq.  yd.;  creosoted  plank  sub-floor  3  in.  thick,  and  creosoted 
blocks  3  in.  thick,  weighs  32  lb.  per  sq.  ft.,  and  costs  $4.10  per  s<i.  yd.;  creosoted  plank  sub-floor 
3  in.  thick,  and  bituminous  wearing  surface  I  in.  thick,  weighs  26  lb.  per  sq.  ft.,  and  costs  $3.00 
per  sq.  yd. 

DESIGN  OF  8TRI1VGERS. — Stringers  or  joists  support  the  floor  and  in  turn  are  supported 
by  the  floorbeams.  The  joists  may  be  supported  on  the  tops  of  the  floorbearas  or  may  be  framed 
into  the  floorbeam  by  the  use  of  connection  angles.  Where  concrete  floors  are  used  the  steel  joists 
should  either  be  supported  on  the  tops  of  the  floorbeams  or  if  framed  into  the  floorbeams  should 
have  the  upper  flanges  of  the  beams  coped  so  that  the  tops  of  the  joists  will  be  on  the  same  level 
as  the  floorbeams.  The  loads  carried  by  the  joists  are  {ij  the  dead  load  which  is  made  up  of  the 
weight  of  the  joists,  the  floor  slab  and  the  wearing  surface;  [2,  a  uniform  hve  load,  or  a  concen- 
trated moving  load.  The  uniform  live  load  and  the  concentrated  moving  loads  are  the  same  as  the 
loads  used  in  designing  the  floor  slabs,  but  the  distribution  of  the  concentrated  load  is  not  the  same. 
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The  distribution  of  the  moving  concentrated  load  to  the  joists  as  specified  by  different  highway 
commissions  and  others,  and  by  the  author  have  already  been  given. 

Steel  Stringers. — ^The  sizes  of  steel  I-beams  of  minimum  weights  required  for  stringers  with 
different  spacings  to  carry  a  dead  load  of  loo  lb.  per  sq.  ft.  and  a  20-ton  auto  truck  with  30  per  cent 
impact  or  a  live  load  of  125  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  9;  and  to  carry 
a  dead  load  of  100  lb.  per  sq.  ft.  and  a  i5*ton  auto  truck  with  30  per  cent  impact  or  a  live  load  of 
100  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  10.  The  sizes  of  steel  I-beams  of  mini- 
mum weights  required  to  carry  a  dead  load  of  100  lb.  per  sq.  ft.  and  a  15-ton  auto  truck  without 
impact  or  a  live  load  of  100  lb.  per  sq.  ft.  without  impact  are  given  in  Fig.  11.  The  steel  stringers 
used  by  the  Wisconsin  Highway  Commission  to  carry  a  15-ton  road  roller  without  impact,  and  the 
steel  stringers  used  by  the  Iowa  Highway  Commission  to  carry  a  15-ton  traction  engine  without 
impact  are  practically  the  same  as  those  given  in  Fig.  11. 

Timber  Joists. — ^The  sizes  of  timber  stringers  or  joists  for  different  spacings  and  spans  to 
carry  a  20-ton  auto  truck  are  given  in  Table  VI ;  to  carry  a  15-ton  auto  truck  in  Table  VII,  and  to 
carry  a  lo-ton  auto  truck  in  Table  VIII.  The  timber  joists  were  designed  for  the  following  unit 
stresses,  to  be  used  without  impact:  Allowable  bending  stress,  1,500  lb.  per  sq.  in.;  allowable 
bearing  across  the  grain,  400  lb.  per  sq.  in. ;  allowable  longitudinal  shear  in  beams,  140  lb.  per  sq.  in. 
The  maximum  spacings  of  timber  joists  for  short  spans  are  determined  by  the  longitudinal  shear. 

TABLE  VI. 

SpAaNG  OF  Timber  Stringers  or  Joists. 

Calculated  for  20-ton  Auto  Truck,  Without  Impact. 


Nominal  Siz«  of 
JoUu.ln. 

Mazimom  Spacmg  in  Feet  for  Different  Spans  in  Feet.                                          | 

6 

8 

10 

xa 

«4 

x6 

x8 

90 

3  X  10 

4X10 

3X12 

4X12 

3X14 

4X14 

6X14 

4X  16 

6X16 

0.7 
0.9 

0.8 

I.I 
1.0 

1-3 

2.0 

1-5 
2.2 

0.7 
0.9 

0.8 

I.I 

1.0 
1-3 

2.0 

1-5 

2.2 

0.6 
0.8 

0.7 
1.0 

0.8 
I.I 

1-5 
2.2 

1.0 
IS 

1.3 

2.0 

1.3 
1.2 

1.7 

1.2 
1.0 

15 

0.8 
I.I 

I.O 

1.3 

2.0 

IS 

1.2 

1.0 
1.3 

2.0 

1-5 

2.2 

The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  uken  equal  to  the 
spacing  of  the  joisu  in  feet  divided  by  four  feet. 

Joists  were  designed  for  allowable  stresses  as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  bear- 
ing across  the  erain  400  lb.  per  sq.  in.;  longitudinal  shear  140  lb.  per  so.  in. 
.    Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 

DESIGN  OF  FLOORBEAMS.— The  floor  loads  may  be  carried  to  the  floorbeams  by  means 
of  stringers  or  joists,  or  the  loads  may  be  carried  to  the  floorbeams  directly  by  the  floor  slabs. 
The  loads  carried  by  the  floorbeams  consist  of  (i)  the  dead  load  which  is  the  weight  of  the  floor 
system;  (2)  a  uniform  live  load;  or  a  concentrated  moving  load.  The  uniform  live  loads  are  the 
same  as  the  uniform  live  loads  used  in  designing  the  fkx>r  slabs  and  stringers,  but  the  distribution 
of  the  concentrated  moving  load  is  not  the  same  as  for  either  the  floor  slabs  or  the  stringers.  The 
distribution  of  the  moving  concentrated  load  to  floorbeams  as  specified  by  di^erent  highway  com- 
missions and  others,  and  by  the  author  have  already  been  given. 
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TABLE  VII. 

Spacing  of  Timber  Stringers  or  Joists. 

Calculated  for  15-ton  Auto  Truck,  Without  Impact. 


NomiBidSixeor 
Joiats.  In. 

Blazimom  Spacing  in  Feet  for  Different  Spuu  m  Feet.                                          | 

6 

8 

xo 

xa 

»4 

16 

x8 

to 

3  X  10 

4X10 

3  Xi2 

4X12 

3X14 

4X14 

6XU 

4X  16 

6X16 

1.0 
1-3 
I.I 

1.6 

1.4 
1.9 

2.8 
2.1 
3.1 

I.O 
1.3 
I.I 

1.6 

14 

1-9 

2.8 
2.1 
3.1 

0.8 

I.I 

0.9 
1.0 

1.4 

1.2 
1.2 
1.6 

2.4 
2.1 

3.1 

1.0 

1.0 
1.4 

2.0 

1.8 
2.7 

1.2 
1.8 

1.6 

2.4 

I.I 

1.6 

1.5 

2.2 

I.I 

1.6 

1.4 

1-9 

2.8 
2.1 
3.1 

1-4 
1-9 

2.8 
2.1 
3.x 

The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the 
spacing  of  the  joists  in  feet  divided  by  four  feet, 

Joisu  were  designed  for  allowable  stresses  as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  bear- 
ing across  the  erain,  400  lb.  per  sq.  in.;  longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 

TABLE  VIII. 
Spacing  of  Timber  Stringers  or  Joists. 
Calculated  for  lo-ton  Auto  Truck,  Without  Impact. 


Nominal  Sixe  of 
Joiats  In. 

Maximnm  Spacing  in  Feet  for  Different  Spans  in  FeeU                                            { 

6 

8 

xo                    xa 

«4 

x6 

x8 

'ao'^ 

3  X  10.. \... 

4X  10 

3  X  12 

4X12 

3X14 

4X14 

6X  14 

4X16 

6X16 

14 

2.0 

1.8 

^4 
2.0 
2.8 

4.1 

3.2 
4.7 

1.4 
2.0 

1.8 

2.4 

2.0 

2.8 

4.1 

3-2 

4.7 

1.2 

1.7 

1.0 

1.4 

IS 

2.0 

0.9 
1.2 

1.3 

1.8 
1.8 
2.4 

3.5 

3-2 

4.7 

1.0 
I.I 

IS 
2.1 

1:1 

4.1 

1.0 

1.4 

1.4 
1.9 

2.8 

n 

1.2 
1.2 
1.7 

2.S 
2.2 

3-3 

1.8 

2.4 
2.0 

2.8 

4.1 

3.2 

4.7 

2.0 

2.8 

4.1 

3-2 

4.7 

The  pn>portk>n  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the 
spadng  ot  the  joists  in  feet  divided  by  four  feet. 

Joists  were  designed  for  allowable  stresses  as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  bear- 
ing across  the  grain,  400  lb.  per  sq.  in.;  longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 

Steel  I-Beam  Floorbeaxiis. — ^The  sizes  of  steel  I-beams  required  for  floorbeams  for  panel 
lengths  of  10  ft.  to  24  ft.  and  widths  center  to  center  of  trusses  or  girders  of  15  ft.  to  26  ft.  to  carry 
a  dead  load  of  100  lb.  per  sq.  ft.,  and  a  20-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  live 
load  of  125  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  9;  while  the  floorbeams  required 
to  carry  a  15-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft. 
with  30  per  cent  impact  are  given  in  Fig.  10.  It  will  be  noted  that  the  uniform  live  load  controls 
for  wide  roadways  or  for  long  panels. 
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a     14     l§     t     20    n    U  2      i     4      $ 

fyneilenqtbinfiett.  Sfixm^mfett. 

Fig.  9.    Bending  Moments  in  Floorbbams  and  Stringers  for  20-TON  auto  truck. 
(30  PER  CENT  Impact).    Concrete  Floor. 


jrJi-Kf* 
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Z      3      4      S 


14      14      9     29     B 

Fig.  10.    Bending  Moments  in  Floorbeams  and  Stringers  for  i  5-ton  Auto  Truck. 
(30  PER  CENT  Impact).    Concrete  Floor. 
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For  a  bridge  17  h,  center  of  trusses  and  18  ft.  panels,  from  Fig.  9  the  required  floorbeam 
IS  a  24  ^n.  I  @  80  lb.,  while  from  Fig.  10  the  required  floorbeam  is  a  20  in.  I  @  65  lb. 

The  sizes  of  steel  I-beams  required  for  floorbeams  for  panel  lengths  of  10  ft.  to  24  ft.,  and 
widths  center  to  center  of  trusses  or  girders  of  15  ft.  to  26  ft.  to  carry  a  dead  load  of  100  lb.  per  sq. 
ft.  and  a  15-ton  auto  truck  without  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft.  without  im- 
pact are  given  in  Fig.  11.  These  are  practically  the  floorbeams  required  by  the  specifications  of 
the  Illinois,  Iowa,  and  Wifeonsin  Highway  Conmaissions.  Steel  stringers  for  the  same  loading 
are  g;iven  in  Fig.  1 1- 

Tbe  bending  moments  for  the  design  of  built-up  floorbeams  may  be  obtained  from  Fig.  9, 
Fig.  10,  or  Fig.  11. 


^/JIF* 


fS'/j^^ 


n    u    i6    a    20    u   u 


2      3      4      5 
SpadnqmFeet. 


Fig.  II.    Bending  Moments  in  Floc«beams  and  Stringers  for  1  5-ton  Auto  Truck. 
(No  Impact.)    Concrete  Floor. 


CALCULATION  OF  STRESSSS.-~For  the  calculation  of  the  stresses  in  highway  bridges, 
see  the  author's  "The  Design  of  Highway  Bridges,"  also  see  Chapter  XVI. 

ALLOWABLE  STRBSSSS.-— For  allowable  stresses  to  be  used  in  the  design  of  steel  highway 
bridges,  see  "General  Specifications  for  Steel  Highway  Bridges,"  printed  in  the  last  part  of  this 
chapter. 

SHORT-SPAN  STEEL  HIGHWAY  BRIDGES.— The  term  short-span  highway  bridges 
will  be  assumed  todnclude  beam,  low  truss  and  plate  girder  bridges. 
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BEAM  BRIDGES. — Beam  bridges  are  made  by  placing  steel  I-beams  side  by  side  with  the 
ends  resting  on  the  abutments.  The  roadway  floor  may  be  made  of  planks  laid  transversely  on 
the  tops  of  the  beams,  or  of  reinforced  concrete.  The  spacing  of  the  beams  depends  upon  the  load 
to  be  carried  and  upon  the  thickness  of  the  floor  planks  or  floor  slabs  and  varies  from  2  to  4  ft. 
Timber  joists  should  not  be  spaced  more  than  2}  ft.  centers.  A  common  rule  for  the  thickness 
of  oak  floor  planks  is  that  the  plank  shall  have  at  least  one  and  one-half  inch  in  thickness  for  each 
foot  of  spacing  of  the  joists  or  stringers.  The  outside  beams  should  be  the  same  size  as  the  inter- 
mediate beams.  It  is  commonly  specified  that  rolled  beams  shall  have  a  depth  not  less  than  ^V  ^^^ 
span. 
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Fig.  12.    Beam  Bridges. 


Standard  steel  beam  bridges  with  concrete  floor  as  designed  by  the  Iowa  Highway  Commission 
are  given  ir.  Fig.  12  and  Fig.  15.  The  spans  vary  from  16  ft.  to  32  ft.  The  details  are  shown  in  the 
cuts.    Quantities  for  beam  bridges  with  angle  fence  as  shown  in  Fig.  12  are  given  in  Table  IX. 

A  standard  steel  beam  bridge  as  designed  by  the  Wisconsin  Highway  Commission  is  shown  in 
Fig.  14.     Data  and  quantities  tor  beam  spans  from  10  ft.  to  38  ft.  are  shown  in  Table  X. 
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The  maximuin  span  for  beam  bridges  should  be  30  ft.  Riveted  truss  bridges  or  plate  girders 
should  be  used  for  spans  of  30  ft.  and  upwards  for  country  bridges,  and  plate  girders  for  heavy  city 
bridges.  Riveted  bridges  for  spans  of.  say  40  ft.,  are  more  economical  than  plate  girder  bridges 
and  will  give  fully  as  great  a  length  of  service  if  properly  designed  and  constructed.  The  ends  of 
beam  bridges  should  always  be  supported  on  masonry  abutments. 

TABLE  IX. 
Estimated  Quantities  for  Standard  Beam  Spans.    Iowa  Highway  Commission. 


^r- 

Stmctaial  StecL 

Reinforced  Concrete  Floor.                                          | 

RoMiway. 

s6  FU  Roiulway. 

18  FL  Rondway. 

ao  Ft.  Rondway.      | 

s6Ft. 

18  Ft. 

aoFl. 

Concrete. 

SteeL 

Concrete. 

SteeL 

Concrete. 

Steel. 

lb. 

lb. 

lb. 

cu.  yd. 

lb. 

CU.  yd. 

lb. 

CU.  yd. 

lb. 

16 

3,370 

3,780 

3,800 

5.6 

600 

6.3 

680 

7.0 

740 

18 

4,280 

4,810 

4,820 

•    6.2 

670 

7.0 

750 

7.7 

820 

20 

4»720 

5,300 

5,320 

6.8 

730 

7.6 

830 

8.5 

900 

22 

6,340 

7,130  ' 

7,150 

74 

800 

8.3 

900 

9.2 

990 

^ 

6.840 

7,690 

7.710 

8.0 

870 

9.0 

980 

10.0 

1,070 

7,330 

8,240 

8,260 

8.6 

930 

9.7 

1,050 

10.7 

1,150 

28 

10,570 

11,870 

11,880 

9.2 

1,000 

10.4 

1,120 

"5 

1.230 

30 

11,240 

12,620 

12,640 

9.8 

1,060 

II.O 

1,200 

12.2 

1,310 

32 

11,910 

13,370 

13,390 

104 

1,130 

11.7 

1.270 

13.0 

1.390 

Sundard  angle  railing  for  wing  walls  as  shown  in  Fig.  i' 
Rails  z»  2V'  X  21"  X  i"  X  5'-9".    Top  of  raU  3'-2" 

I. 

above  grade.    Post 

Z«3"X3 

r/  X  J" 

X4'-3". 

Weight  of  rails  and  posts  for  one  wing  ^  90  lb. 

TABLE  X. 
Steel  I-Beam    Bridges.    Wisconsin  Highway  Commission. 
Channels  on  outside.     Weight  includes  railing. 


s^. 

16  Feet  RowKniy. 

18  Ft  Roadway 

r. 

ao 

Ft,  Roadwa 

J- 

No.  Beams 

and 
Channels. 

Site 

I-Beams. 

In.  Lb. 

Wdglu 
Stractwnl 
Sted.  Lb. 

No.  Beams 

and 
Channeb. 

Siae 
LBcams. 
In.  Lb. 

Wcisfat 
Strnctural 
Steel.  Lb. 

No.  Beams 

and 
Channels. 

Sitt 

I-Beams. 

In.  Lb. 

*  Wdrht 
Stractorml 
Steel.  Lb. 

10 

12 

"A 

18 

20 
22 

28 

30 
32 

18 

38 

8 
8 

8 
8 
8 

7 
8 
8 

7 
8 

8 
7 
7 
8 
8 

8—18 
8—18 
^-21 
^-21 
10—25 

12— 31J 
12— 31I 
12 — 31J 
15—42 
15—42 

15-42 
18—55 
18-55 
18—55 

18—55 

1.900 
2.200 
2,800 
3,185 
4,030 

4,810 
6,050 
6^35 
8,275 
10,04s 

10,715 
12.050 
12.825 
15.530 
16,350 

9 
9 
9 
9 
9 

8 
9 
9 
8 

9 

I 

8 
9 
9 

8—18 
8—18 
^-21 
9—21 
10—25 

12— 3ii 
12— 31J 
12 — 311 
15—42 
15—42 

15-42 
18—55 
18—55 

18-55 
18—55 

2,120 
2,450 
3.130 
3,560 
4,505 

5,600 
6,790 
7,350 
9*420 
11,275 

12.025 
13,930 
15,760 
17,570 
18,405 

10 
10 
10 
10 
10 

9 
10 
10 

9 
10 

10 

9 

9 

10 

10 

8—18 
8—18 

9-21 
9-21 

10—25 

12— 31J 
12— 31J 
12— 31J 
15—42 
15—42 

15-42 
18—55 
18—55 

18—55 
18—55 

2.335 
2,700 

3,465 
3,930 

5.000 

6,285 

2:1^6^ 

10,570 
12,510 

13,350 

"I'll® 
16.685 

19.615 
20,655 

Weif 
Cu. 

^ht  in  lb.  < 
|rd.  concre 

3f  reinfbrdi 
te  per  lines 

ag  per  linej 
il  foot  . 

J  foot.... 

i64k.Rdiry. 

40 
0.32 

st4t  Rdw] 
0.36 

r.    a»«.Rdt 

4« 
0.40 
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TABLE  XL 

Depth  in  Inches  of  I-Bkams  for  Diffskbnt  Facings  and  Spans  Required  to  Carry  ^o-tok, 

I  5-Ton  and  io-Ton  Auto  Trucks  and  30  per  cent  Impact.     Dead  load  loo  lb. 

PER  SQ.  rr.    Minimum  Weights  of  I -Beams  are  Used. 


Concrete  Floor.                                                                                              | 

SPMI.FL 

ao-Ton  Anlo  Track. 

x5-Ton  Auto  Track. 

lo-Ton  Aulo  Truck. 

S]»cias.  Ft. 

Spacing.  Ft. 

Spaciag.  Ft. 

«            .            3                       4 

a                      3 

4 

3                   3 

4 

10 

12 

18 
20 
22 

i4 

26 
28 
30 

8 

9 
10 

10 

12 
12 

12 

15 

15 

IS 

15 

10 

10 
12 

12 

15 

*s 

IS 

15 

18 
18 
18 

12 

12 
15 
IS 

'5 
18 
18 
18 

18 
20 
20 

7 
8 

9 
9 

10 

10 
12 
12 

15 
15 
15 

9 

9 

10 

12 

12 
IS 
IS 

'^ 

IS 

18 
18 

.0 

10 

12 
12 

IS 
IS 

15 

18 

18 
18 

20 

6  8 

7  8 

8  ■       9 

8  ;        10 

9  10 
9        I     12 

10             12 
10             12 

12             15 
12             IS 
12             IS 

9 

9 

10 

12 

12 
12 
IS 

IS 

15 

18 

18 

spacing  of  the  joists  divided  by  six  feet  when  reinforced  concrete 
The  ouuide  beams  to  be  the  same  as  the  intermediate  beams. 

joist  shall  be  uken  equal 
floor  is  uied. 

to  the 

TABLE  XIL 

Depth  in  Inches  of  I-Beams  for  Different  Spacings  and  Spans  Required  to  Carry  20- 
ToN,  I  5-Ton  and  iq-Ton  Auto  Trucks  and  30  per  cent  Impact.    Minimum 
Weights  of  I -Beams  are  Used. 


Piank  Floor.                                                                                                 | 

Sp».  Ft. 

ao-' 

ron  Auto  Track. 
SpAciuf .  Ft. 

xS-Ton  Auto  Track. 

io-Tod  Auto  Track. 

SpMiog.  Ft. 

Spacing.  Ft. 

«*         1           »          !          a* 

»i 

3 

«i 

xi     ;    a 

»i 

10 

8 

9 

10 

7 

8 

9 

6 

7 

7 

12 

9 

ID 

10 

8 

9 

9 

7 

7 

8 

14 

9 

10 

12 

8 

9 

10 

7 

8 

9 

16 

10 

12 

12 

9 

10 

12 

8 

8 

9 

18 

10 

12 

15 

9 

10 

12 

8 

9 

10 

20 

12 

12 

IS 

10 

12 

12 

9 

9 

10 

22 

12 

IS 

15 

10 

12 

15 

9 

10 

12 

24 

12 

15 

IS 

12 

12 

15 

9 

10 

12 

26 

15 

15 

18 

12 

IS 

IS 

10 

12 

12 

28 

IS 

IS 

18 

12 

IS 

IS 

12 

12 

IS 

30 

15 

18 

18 

12 

IS 

18 

12 

12    . 

li. 

The  proportion  of  the  cx>ncenuated  live  load  carried  by  one  joist  shj 

ill  be  taken  equal 

to  the 

spacing  of  the  joisU  divided  by  four  feet  when  timber  floor  is  used. 

The  outside  beams  to  be  the  same  as  the  intermediate  beams. 
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122  STEEL  HIGHWAY  BRIDGES.  Chap.  III. 

PLATE  GIRDERS. — Plate  girders  are  frequently  used  for  highway  bridges.  Where  the 
conditions  will  permit  deck  plate  girder  bridges  are  to  be  preferred  to  through  plate  girder  bridges 
for  highway  service.  The  details  of  plate  girders  when  used  for  highway  bridges  are  essentially 
the  same  as  when  used  for  railway  bridges,  which  see. 

Details  of  a  steel  through  plate  girder  highway  bridge  as  designed  by  the  Wisconsin  High- 
way Commission  are  shown  in  Fig.  15.  Standard  plans  have  been  prepared  for  spans  from  35 
ft.  to  80  ft.,  varying  by  5-ft.  intervals,  and  for  i6-ft.,  i8-ft.  and  20-ft.  roadway.  Spans  of  35  ft. 
to  60  ft.  inclusive  have  webs  60  in.  by  A  in.;  the  65-ft.  and  70-ft.  spans  have  webs  66  in.  by  A 
in.;  the  75-ft.  spans  have  a  web  66  in.  to  72  in.  by  |  in.,  while  the  80-ft.  spans  have  a  web  72  in. 
to  78  in.  by  |  in.     For  weights  of  plate  girder  bridges,  see  first  part  of  this  chapter. 

Details  of  a  109-ft.  span  through-plate  girder  highway  bridge  built  over  the  D.  L.  &  W.  R.  R. 
tracks  in  Jersey  City,  N.  J.,  are  given  in  Fig.  16.  The  girders  were  designed  for  a  live  load  of  100 
lb.  per  sq.  ft.  on  roadway  and  sidewalk;  while  the  roadway  floor  was  designed  for  a  live  load  of  100 
lb.  per  sq.  ft.  and  two  12,000  lb.  axle  loads  spaced  10  ft.  apart  with  an  allowance  of  25  per  cent  for 
impact.  The  expansion  end  is  carried  on  4-m.  rollers.  The  concrete  has  a  minimum  thickness  of 
4  in.  and  is  covered  with  1}  in.  of  binder  and  2  in.  of  asphalt.  Each  main  girder  weighed  1 12,000 
lb.;  and  the  total  weight  of  steel  in  the  bridge  was  about  403,000  lb. 

LOW  RIVETED  TRUSS  BRIDGES. — ^Low  riveted  bridges  are  made  with  either  Warren  or 
Pratt  trusses,  the  Warren  truss  usually  being  preferred.  The  upper  chords  should  be  made  of  two 
angles  and  a  plate,  two  channels  laced,  or  two  channels  with  a  top  cover  plate  and  lacing  on  the 
bottopi  side  of  the  member.  The  lower  chord  and  the  web  members  are  made  of  two  angles  placed 
in  the  same  relative  positions  as  in  the  upper  chords. 

Details  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  carried  on  steel  stringerB 
or  joists,  as  designed  by  the  Iowa  Highway  Commission  are  shown  in  Fig.  17.  The  commission 
has  prepared  standard  plans  for  spans  from  35  ft.  to  85  ft.  and  with  i6-ft.  and  i8-ft.  roadway. 
Spans  over  65  ft.  in  length  have  one  end  supported  on  rockers.  Spans  65  ft.  or  less  in  length  have 
one  end  supported  on  sliding  plates. 

Details  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  carried  directly  on  the 
floorbeams,  as  designed  by  the  Iowa  Hi^way  Commission/are  shown  in  Fig.  18.  The  commission 
has  prepared  standard  plans  for  spans  from  35  ft.  to  100  ft.  and  with  i6-ft.  and  iS-ft.  roadway. 
Spans  more  than  65  ft.  in  length  have  one  end  supported  on  rockers.  Spans  65  ft.  or  less  in  length 
have  one  end  supported  on  sliding  plates.  The  reinforced  concrete  floor  slabs  have  a  thickness  of 
7)  in.  for  an  8-ft.  span,  of  8  in.  for  a  9-ft.  span,  and  of  8}  in.  for  a  lo-ft.  span.  The  slabs  are  rein- 
forced top  and  bottom  with  f  in.  square  bars  spaced  9  in.  centers  and  1}  in.  from  face  of  slab. 
Transverse  bars  i  in.  sq.  are  spaced  about  2  ft.  centers  with  one  bar  over  the  floorbeam. 

Details  of  a  low  riveted  truss  bridp^e  with  a  reinforced  concrete  floor  as  designed  by  the  Michi- 
gan Highway  Commission  are  given  m  Fig.  19.  The  Commission  has  prepared  standard  plans 
for  spans  from  50  ft.  to  100  ft.  by  5-ft.  intervals. 

The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord  shown  in  Fig.  20  is  built 
by  the  American  Bridge  Companv  for  locations  requiring  an  artistic  and  serviceable  bridge  at  a 
moderate  cost.  This  bridge  has  been  built  with  six  panels  and  with  spans  of  00,  96  and  102  ft. 
The  bridge  in  Fig.  20  has  a  20-ft.  roadway  and  was  designed  for  a  deaa  load  of  9^0  lb.  per  lineal 
foot  of  bridge,  and  a  live  load  of  2,doo  lb.  per  lineal  foot  of  bridge.  The  total  weight  oithe  steel 
in  this  bridge,  exclusive  of  joists  and  fence  is,  approximately,  57,000  lb.  The  floorbeams  are  rolled 
I-beams  and  are  riveted  below  the  chords.  The  top  chords  are  made  of  two  channels  with  a  top 
cover  plate,  the  lower  edges  of  the  channels  being  fastened  together  with  tie  plates-placing  is  mucn 
better  practice.  The  bottom  chord  is  composed  of  two  angles,  with  tie  plates — tie  plates  are  all 
right  for  this  member.  The  web  members  are  made  of  2  or  4  angles  laced,  as  shown.  Rods,  not 
shown,  are  used  for  the  lower  lateral  system. 

I>etails  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  as  designed  by  the  Wis- 
consin Highway  Commission  are  given  in  Fig.  21.  Standard  plans  have  been  preparea  for  spans 
from  35  ft.  to  85  ft.,  and  with  i6-ft.  and  i8-ft.  roadway.  One  end  of  all  spans  is  carried  on  sliding 
plates  as  shown. 
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Fig.  17.    Low  Truss  Span  with  Stringers. 


Depth  and  Panel  Lengtiii  of  Low  Trusses. — ^The  depths  and  number  of  panels  in  Iowa  High- 
way Commission  low  truss  bridges  with  joists  are  as  follows:  35  ft.  and  40  ft.  span,  3  panels,  6  ft. 
deep;  45  ft.  and  50  ft.  spans,  3  panels,  6}  ft.  deep;  60  ft.  and  65  ft.  span,  4  panels,  7  ft.  deep;  70  ft. 
span,  5  panels,  7  ft.  deep;  80  ft.  and  85  ft.  span,  5  panels,  8  ft.  deep.  For  low  truss  bridges  without 
joists,  35  ft.  span,  4  panels,  6  ft.  deep;  40  ft.  span,  5  panels,  6  ft.  deep;  45  ft.  span,  5  panels,  6)  ft. 
deep;  50  ft.  and  55  ft.  span,  6  panels,  6)  ft.  deep;  60  ft.  span,  7  panels,  7  ft.  deep;  65  ft.  and  70  ft. 
span,  8  panels,  7  ft.  deep;  75  ft.  span,  9  panels,  ^\  ft.  deep;  80  ft.  span,  10  panels,  8  ft.  deep;  85  ft. 
span,  10  panels,  8}  ft.  deep;  90  ft.  span,  10  panels,  9  ft.  deep;  95  ft.  span,  10  panels,  9}  ft.  deep; 
too  ft.  span,  10  panels,  10  ft.  deep. 
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Fig.  i8.    Low  Truss  Span  without  Stringers. 


The  depths  and  number  of  panels  in  Wisconsin  Highway  Commission  low  truss  bridges  with 
joists  are  as  follows:  35  ft.  span,  3  panels,  4)  ft.  deep;  40  ft.  span,  3  panels,  5  ft.  deep;  45  ft.  span, 

3  panels,  5I  ft.  deep;  50  ft.  span,  4  panels,  5}  ft.  deep;  55  ft.  span,  4  panels,  6  ft.  deep;  60  ft.  span, 

4  panels,  6|  ft.  deep;  65  ft.  span,  5  panels,  7  ft.  deep;  70  ft.  span,  5  panels,  7)  ft.  deep;  75  ft.  span, 

5  panels,  8  ft.  deep;  80  ft.  span,  5  panels,  8)  ft.  deep;  85  ft.  span,  6  panels*  9  ft.  deep. 
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HIGH  TRUSS  STEEL  HIGHWAY  BRIDGES.— Through  truss  bridges  with  spans  of  from 
80  to  170  ft.,  are  built  with  parallel  chords  and  preferably  with  riveted  joints.  For  spans  of  from 
160  to  220  ft.  bridges  are  usually  built  of  the  Pratt  type  with  inclined  upper  chord  (camel-back) 
trusses.  Above  220  ft.,  bridges  are  usually  built  with  the  Petit  type  of  truss.  The  above  limits 
are  approximate  only.  For  long  span  bridges  the  inclined  chord  truss  with  K-bracing  is  rapidly 
taking  the  place  of  the  Petit  truss.  High  truss  pin-connected  brid^  should  never  be  built  with 
less  than  five  panels. 

Types  of  bridge  adopted  in  the  American  Bridge  Company's  standards  are  as  follows: 

Pratt,  pm-connected  trusses. 80  to  168  ft.  span 

Pratt,  riveted  trusses 80  to  168  ft.  spaiK 

Warren,  quadrangular,  riveted  trusses 80  to  152  ft.  span* 

Inclined  chord  Pratt  (camel-back),  pin-connected  trusses 168  to  220  ft.  span- 
Petit  trusses,  pin-connected 220  ft.  span  and  over 

Examples  of  High  Tmss  Highway  Bridges. — I>etails  of  a  high  truss  steel  highway  bridge  as 
designed  by  the  Wisconsin  Highway  Commission  are  shown  in  Fig.  22  and  Fig.  23.  Standard  plans 
have  been  prepared  for  spans  of  90  ft.  to  150  ft.,  varying  by  5-ft.  intervals,  and  a  roadway  of  16  ft, 
and  18  ft.  All  spans  have  one  end  carried  on  rockers  as  shown.  These  designs  have  been  worked 
out  very  economically  by  Mr.  M.  W.  Torkelson,  bridge  engineer,  and  represent  the  extreme  econ- 
omy of  design  that  will  conform  to  good  practice. 

I>etails  of  a  high  truss  steel  highway  bridge  as  designed  by  the  Iowa  Highway  Commission  are 
given  in  Fig.  24.  Standard  plans  have  been  prepared  for  spans  of  90  ft.  to  150  ft,  varying  by 
5-ft.  intervals,  and  a  roadway  of  16  ft.  and  18  ft.  All  spans  have  one  end  carried  on  rockers  as 
shown.  The  designs  are  well  worked  out  with  the  exception  of  the  collision  strut  in  the  first  panel, 
which  should  be  omitted.  ^ 
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The  details  of  a  riveted  truss  highway  bridge  for  light  country  traffic  designed  by  Mr.  H.  S. 
Crocker,  Consulting  Engineer,  Denver,  Colo.,  are  given  in  Fig.  25  and  Fig.  26.  The  details  of  a 
pin-connected  truss  highway  bridge  designed  for  country  traffic  are  given  in  Fig.  27,  Fig.  28  and 
Fig.  29.  Both  of  these  bridges  represent  standard  practice  in  the  design  of  steel  highway  bridges 
for  light  country  traffic.  For  additional  examples  of  steel  highway  bridges,  see  the  author's 
"  The  Design  of  Highway  Bridges." 

Bconomic  Depth  and  Panel  Length  of  Trusses. — ^The  economic  depth  and  panel  length  of 
trusses  is  not  capable  of  mathematical  calculation.  The  minimum  depth  is  determined  by  the 
required  clear  head  room,  which  varies  from  12}  to  15  ft.  Short  panel  lengths  give  heavy  trusses 
and  light  floor  systems;  while  long  panels  give  light  trusses  and  heavy  floor  systems.  For  ordinary 
conditions  it  is  not  economical  to  use  panel  lengths  less  than  15  ft.  for  short  spans  nor  more  than 
25  ft.  for  long  spans.  The  minimum  depth  for  through  spans  is  about  16  feet  where  the  floor- 
beams  are  placed  below  the  lower  chords.  To  make  a  stiff  structure,  the  depth  should  be  suffi- 
cient to  permit  the  placing  of  the  floorbeams  above  the  lower  chords  and  to  permit  of  efficient  portal 
and  sway  bracing.  Experience  has  shown  that  the  most  economical  conditions  occur  when  the 
angle  6,  the  tangent  of  which  is  the  panel  length  divided  by  the  depth,  is  about  40  degrees.  The 
top  chord  points  of  bridges  with  inclined  chords  should  be  approximately  on  a  parabola  passing 
through  the  pin  at  the  hip. 

Depth  and  Panel  Length  of  High  Trusses. — ^The  depths  and  number  of  panels  in  Iowa  High- 
way Commission  high  truss  riveted  bridges  are  as  follows:  Pratt,  riveted  trusses,  90-ft.  span,  5 
panels,  20  ft.  deep;  loo-ft.  and  iio-ft.  spans,  6  panels,  20  ft.  deep;  120-ft.  span,  7  panels,  20  ft. 
deep;  140-ft.  span,  8  panels,  21  ft.  deep.  The  depths  and  number  of  panels  in  Wisconsin  Highway 
Commission  high  truss  riveted  bridges  are  as  follows:  90-ft.  and  96-ft.  span,  6  panels,  18  ft.  deep; 
lOO-ft.  span,  6  panels,  20  ft.  deep;  105-ft.  span,  7  panels,  20  ft.  deep;  120-ft.  span,  8  panels,  20  ft. 
deep;  128-ft.  span,  8  panels,  21  ft.  deep;  140-ft.  span,  8  panels,  20  ft.  deep  at  hip  and  27  ft.  deep  at 
center;  150-ft.  span,  8  panels,  20  ft.  deep  at  hip  and  28  ft.  deep  at  center. 

The  depths  and  number  of  panels  in  American  Bridge  Company's  high  truss  bridges  are  as 
follows:  Riveted  and  pin-connected  trusses  with  parallel  chords,  8o-ft.  to  90-ft.  span,  5  panels, 
depth  equal  to  panel  length;  90-  to  120-ft.  span,  6  panels,  depth  equal  to  panel  length;  120-ft.  span 
to  i^o-ft.  span,  7  panels,  depth  equal  to  panel  length,  120-ft.  to  i68-ft.  span,  8  panels,  ratio  of 
depth  to  panel  length  1. 1.  For  bridges  with  inclined  chords  with  spans  of  162  ft.  to  180  ft.,  9 
panels,  and  ratios  of  depth  to  panel  length  of  i.o,  1.16,  1.25  and  1.29;  190-ft.  to  220-ft.  span,  9 
panels,  and  ratios  of  depth  to  panel  length  of  i.o,  1.24,  1.28  and  1.43.  For  Petit  trusses,  2AO-ft. 
to  276-ft.  span,  12  panels,  and  ratios  of  depths  to  panel  length  of  1.0,  1.4,  1.6  and  1.7;  294-ft.  to 
322-ft.  span,  14  panels,  and  ratios  of  depth  to  panel  length  of  1.0, 1.36,  1.60,  1.8  and  2.0. 

SHOES  AND  PEDESTALS.— The  bridge  rests  on  shoes  or  pedestals,  the  loads  being  trans- 
ferred to  the  shoes  in  pin-connected  bridges  by  means  of  pins,  and  through  the  riveted  joints  in 
riveted  bridges.  The  shoes  at  the  expansion  ends  of  the  bridge  are  placed  on  smooth  sliding  plates 
for  bridges  of  less  than,  say,  65-ft.  span,  and  on  nests  of  rollers  or  rockers  for  spans  of  greater 
length.  The  action  of  the  rollers  under  the  expansion  ends  of  riveted  bridges  will  be  much  more 
satisfactory  if  the  shoes  are  pin-connected  to  the  truss  the  same  as  for  pin-connected  trusses. 
Rcdlers  should  be  made  with  as  large  diameters  as  practicable  in  order  to  reduce  the  pressure  on 
the  base  plate  and  also  to  reduce  the  resistance  to  movement.  Experience  shows  that  even  for 
light  bridges  rollers  smaller  than  3  in.  diameter  are  practically  worthless.  To  economize  space, 
segmental  rollers,  as  shown  in  Fig.  35,  Chapter  IV,  are  often  used  for  heavy  spans. 

It  is  usual  to  specify  that  a  movement  produced  by  a  variation  of  150  degrees  Fahr.  be  pro- 
vided for.  The  coefficient  of  expansion  of  steel  is  approximately  0.0000067  per  degree  Fahr., 
which  makes  it  necessary  to  provide  for  approximately  one  inch  of  movement  for  each  80  ft.  of 
bridge  span. 

Where  both  bridge  seats  are  of  CJie  same  height,  the  fixed  end  is  carried  on  cast  iron  pedestal 
blocks.    The  blocks  are  usually  made  with  recesses  (honeycombed)  to  reduce  the  weight. 

The  Illinois,  Iowa  and  Wiiconsin  Highway  Commissions  use  rockers  in  the  place  of  rollers 
for  highway  bridges.  DetsdU  of  rockers  are  shown  in  Fig.  17,  Fig.  18,  Fig.  23,  and  Fig.  24.  The 
speci£xitions  of  the  Illinois  Highway  Commission  contain  the  provision  that  rockers  shall  be  made 
of  cast  iron  as  specified.  They  shall  have  a  thickness  of  not  less  than  2)  in.  for  spans  of  45  ft.  or 
less,  and  a  thicloiess  of  3  in.  for  spans  exceeding  45  ft.  in  length,  but  in  no  case  shall  the  unit  com- 
pressive stress  exceed  9,000-40  l/r  lb.  per  sq.  in.  All  rockers  shall  have  bearing  surfaces  turned  to 
a  uniform  radius  and  smooth  surface  and  shall  be  provided  with  two  2-in.  holes  through  the  weh  tn 
facilitate  handling. 
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F£NCe  FOR  ZCOi  5T-  VtAXHJCT, 
DeNY^R,  COLORADO' 


ELECTRtC  U6HT  POLE, 
20^ ST' ViAOUCT,  OENVER^COLO* 


Fig.  30.    Stbbl  Fbncb  for  Highway  Bridges. 

FENCE  AND  HUB  GUARDS.— The  fence  on  steel  bridges  is  commonly  made  of  two  lines 
of  channels  or  two  lines  of  angles  with  angle  posts.  Posts  should  not  be  spaced  farther  apart  than 
8  ft.  to  10  ft. 

A  gas  pipe  railing  with  gas  pipe  posts  is  in  frequent  use.  The  posts  should  be  spaced  not  more 
than  8  ft.  apart.  Details  of  the  fence  and  lieht  poles  for  the  30tn  St.  Viaduct,  and  the  fence  on 
2^d  St.  Viaduct,  Denver,  Colo.,  designed  by  Mr.  H.  S.  Crocker,  consulting  engineer,  are  shown  in 
Fig.  30. 
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PART  I.    DESIGN. 
General  Description. 

1.  Gasses. — Bridges  under  these  specifications  are  divided  into  eight  classes,  as  follows; 
Class  A. — For  city  traffic. 

Class  B. — For  suburban  or  interurban  traffic  with  heavy  electric  cars. 

Class  C. — For  country  roads  with  ordinary  traffic  and  light  electric  cars. 

Class  Di. — ^For  country  roads  with  heavy  traffic. 

Class  Dj. — For  country  roads  with  light  traffic. 

Class  El. — For  heavy  electric  street  railways  only. 

Class  El. — For  medium  electric  street  railways  only. 

Class  Ej. — For  light  electric  street  railways  only. 

2.  Material. — All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  flooring,  floor 
joists  and  wheel  guards,  when  wooden  floors  are  used.  Cast  iron  or  cast  steel  may  be  used  in  the 
machinery  of  movable  bridges,  for  wheel  guards,  and  in  special  cases  for  bed  plates. 

3.  Types  of  Ttuss. — ^The  following  types  of  bridges  are  recommended: 
Spans  up  to  30  ft. — Rolled  beams. 

Spans  from  30  to  80  ft. — Riveted  plate  girders,  or  riveted  low  trusses  for  classes  A,  B,  Ei, 
Es  and  E^;  and  riveted  low  trusses  for  classes  C,  Di  and  Ds. 
Spans  80  to  160  ft. — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  200  ft. — Pin-connected  trusses  of  the  Pratt  type  with  inclined  chords. 
Spans  over  200  ft. — Pin-connected  trusses  of  the  Petit  type  or  K-type. 

4.  Length  of  Span. — In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
distance  between  centers  of  end  pins  for  pin-connected  trusses,  centers  of  end  bearing  plates  for 
riveted  trusses  and  for  girders,  and  center  to  center  of  trusses  for  floorbeams. 

5.  Form  of  Trusses. — ^The  form  of  truss  shall  preferably  be  as  given  in  paragraph  3.  In 
through  trusses  the  end  vertical  suspenders  and  the  two  panels  of  the  lower  chord  at  each  end 
shall  be  made  rigid  members  if  the  wind  load  produces  a  reversal  of  stress  in  the  lower  chord.  In 
through  bridges  the  floorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

6.  Lateral  Bracing. — All  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracing 
must  be,  made  of  shapes  capable  of  resisting  compression  as  well  as  tension,  and  shall  have  riveted 
connections.  Low  trusses  and  through  pkte  girders  shall  be  stayed  by  knee  braces  or  gusset 
plates  at  each  floorbeam. 

7.  Spacing  of  Trusses. — For  bridges  carrying  electric  cars  the  clear  width  from  the  center  of 
the  track  shalj  not  be  less  than  7  ft.  at  a  height  exceeding  one  foot  above  the  track  where  the 
tracks  are  straight,  and  an  equivalent  distance  when  the  tracks  are  curved.  The  distance  between 
centers  of  trusses  shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
end-pins  or  shoes,  and  shall  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Room.— For  classes  A,  B,  C,  Di,  Ei,  Ei  and  Ea  the  clear  head  room  for  a  width  of 
eight  (8)  ft.  on  each  track,  or  eieht  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  less  than 
15  ft.,  and  for  class  Di  not  less  than  12}  ft. 

9.  Footwalks. — ^Where  footwalks  are  required,  they  shall  generally  be  placed  outside  of  the 
trusses  and  be  supported  on  longitudinal  beams  resting  on  overhanging  steel  brackets. 

10.  Handrailing. — ^A  strong  and  suitable  handrailing  shall  be  plac^  at  each  side  of  the  bridge 
and  be  rigidly  attached  to  the  superstructure. 

11.  Trestle  Towers. — ^Trestle  bents  shall  preferably  be  composed  of  two  supporting  columns, 
two  bents  forming  a  tower;  each  tower  thus  formed  shall  be  thoroughly  braced  in  both  directions 
and  have  struts  between  the  feet  of  the  columns.  The  feet  of  the  columns  must  be  secured  to 
an  anchorage  capable  of  resisting  one  and  one-half  times  the  specified  wind  forces  (§89). 

♦  Reprinted  from  the  author's  "The  Des^  of  Highway  Bridges." 
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Each  tower  shall  have  a  sufficient  base,  longitudinally  to  be  stable  when  standing  alone, 
without  other  support  than  its  anchorage.  Tower  spans  for  high  trestles  shall  not  be  less  than 
30  ft. 

12.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  and  such  detail  drawings  as  will  clearly  show  the  dimen- 
sions of  all  the  parts,  modes  of  construction  and  sectional  areas. 

13.  Drawings. — Upon  the  acceptance  and  the  execution  of  the  contract,  all  working  drawings 
requix^  by  the  engineer  shall  be  furnished  free  of  cost  (§168 J. 

14.  Approval  of  Plans. — No  work  shall  be  commenc^  or  materials  ordered  until  the  working 
drawings  have  been  approved  by  the  engineer  in  writing. 

FLOOR  SYSTEM. 

15.  Floorbeams. — ^All  floorbeams  shall  be  rolled  or  riveted  steel  girders,  rigidly  connected 
to  the  trusses  at  the  panel  points,  or  may  be  placed  on*the  top  of  deck  bridges  at  panel  points. 
Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders. 

16.  Joists  and  Stringers. — ^All  joists  and  stringers  of  bridges  of  classes  A,  B,  £1,  £>  and  Ea 
shall  be  of  steel.  Joists  for  classes  C,  Di  and  Ds  may  be  either  of  wood  or  steel  as  specified. 
Steel  joists  shall  be  securely  fastened  to  the  cross  floorbeams,  and  steel  stringers  shall  preferably 
be  riveted  to  the  webs  of  floorbeams  by  means  of  connection  angles  at  least  ff  in.  thick. 

17.  End  Spacers  for  Stringers. — Where  end  floorbeams  cannot  be  used,  stringers  resting  on 
masonry  shall  have  cross-frames  at  their  ends.  These  frames  shall  be  riveted  to  girder  or  truss 
shoe  where  practicable. 

18.  Wooden  Joists. — ^Wooden  floor  joists  shall  be  spaced  not  more  than  2)  ft.  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  |  in. 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one>fourth  the  depth  in 
width.  The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to 
the  spacing  ot  the  joists  in  feet  divided  by  four  feet.  No  impact  shall  be  considered  in  the  design 
of  wooden  joists,  planks  or  ties.  Oak,  longleaf  yellow  pine  and  Oregon  fir  shall  be  designed  for  a 
safe  bending  of  1,500  lb.  per  sq.  in.,  bearing  across  the  fiber  of  400  lb.  per  sq.  in.,  and  shearing  along 
the  ^in  of  140  lb.  per  sq.  in.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the  inter- 
mediate joists. 

19.  Steel  Joists. — ^Steel  I-beams  when  used  as  joists  shall  have  a  depth  of  not  less  than  one- 
thirtieth  of  the  span,  and  one-twentieth  of  the  span  when  used  as  track  stringers.  The  proportion 
of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the  spacing  of  the  joists 
in  feet  divided  by  four  feet  when  timber  flooring  is  used,  and  divided  by  six  feet  when  a  reinforced 
concrete  or  other  rigid  floor  is  used.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the 
intermediate  joists, 

20.  Floor  Plank. — For  single  thickness  the  roadway  planks  shall  not  be  less  than  3  in.  thick 
nor  less  than  one-eighth  of  the  distance  between  centers  of  joists,  and  shall  be  laid  transversely  with 
}  in.  openings  and  securely  spiked  to  each  joist.  All  plank  shall  be  laid  with  heart  side  down. 
When  an  additional  wearing  surface  is  rec|uired  it  shall  be  i)  in.  thick,  and  the  lower  planks  of  a 
minimum  thickness  of  3  in.  shall  be  laid  diagonally  with  )  in.  openings. 

21.  Footwalk  plank  shall  be  not  less  than  2  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
i  in.  openings. 

All  plank  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be  firmly 
attachea  to  the  joists. 

22.  Wheel  Guards. — ^Wheel  guards  of  a  cxx>ss-section  of  not  less  than  6  in.  by  4  in.  shall  be 

Erovided  on  each  side  of  the  roadway.    The^  shall  be  spliced  with  half-and-half  joints  with  6  in. 
ip,  and  shall  be  bolted  to  the  stringers  or  joist  with  f  in.  bolts,  spaced  not  to  exceed  5  ft.  apart. 

23.  Solid  noor. — For  bridges  of  classes  A  and  B  a  solid  floor,  consisting  of  wooden  blocks, 
brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended.  For  this  case  the  floor  shall  con- 
sist of  buckle  plates  or  corrugated  sections  or  reinforced  concrete  slabs,  and  a  waterproof 
concrete  (bitumen  or  cement)  bed  not  less  than  3  in.  thick  for  the  roadway  and  2  in.  thick  for  the 
foot^i^k,  over  the  hiehest  point  to  be  covered,  not  counting  rivet  or  bolt  heads.  The  floor  shall 
be  laid  with  a  slope  of  at  least  one  inch  in  10  ft. 

Reinforced  Concrete  Floor. — ^See  specifications  for  reinforced  concrete  floor  on  p^e  112  h, 
and  distributbn  of  loads  on  page  112  f. 

24.  Buckle  plates  shall  not  be  less  than  -ft  in.  thick  for  the  roadway  and  }  in.  thick  for  the 
footwalk.    The  crown  of  the  plates  shall  not  be  less  than  2  in. 

25.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  njard  on  each  aide  of 
the  roadway  shall  be  of  stone  or  steel  projecting  about  6Jn.  above  the  finished  paving  at  the  gutter. 
The  curb  shall  be  so  arranged  that  it  can  be  removed  and  replaced  when  worn  or  injured.  T^^ 
shall  also  be  a  metal  edging  strip  ofi  each  side  of  the  footwalk  to  protect  and  hold  the  paving  in 
place. 
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26.  Dninage. — Provision  shall  be  made  for  drainage  clear  of  all  parts  of  the  metal  work. 

27.  Floor  of  Classes  Ei,  E19  and  Ef — ^The  floors  of  classes  Ei»  Ei,  and  E|  shall  consist  of 
crosfr-ties  not  less  than  6  in.  by  6  in.  for  stringers  spaced  6i  ft.;  and  larger  for  greater  spacings» 
they  shall  be  meed  with  openings  not  exceeding  6  in.,  shall  be  notched  down  i  in.,  and  secured 
to  die  supporting  stringers  by  }  m.  bolts  spaced  not  over  6  ft.  apart.  The  ties  shall  extend  the 
full  width  of  the  bridge  on  deck  bridges,  and  every  other  tie  shall  extend  the  full  width  in  through 
bridges  to  carry  the  footwalk.  Ties  shall  be  designed  for  the  same  allowable  unit  stresses  as 
wooden  joists. 

There  shall  be  guard  timbers  not  less  than  6  in.  by  6  in.,  or  5  in.  by  7  in.,  on  each  side  of 
each  track,  with  their  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
notched  i  in.  over  every  tie,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  in. 
lap.  Each  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a  f  in.  bolt. 
AU  heads  or  nuts  on  the  upper  faces  of  ties  or  guards  shall  be  countersunk  below  the  surface  of 
the  wood. 

PART  II.    LOADS. 

28.  Dead  Load. — ^The  dead  load  will  consist  of  (i)  the  weight  of  the  metal,  and  (2)  the  weight 
of  the  timber  in  the  floor,  or  of  the  material  other  than  steel.  In  determining  the  dead  load  the 
weight  of  oak  or  other  hard  wood  shall  be  taken  at  4}  lb.  per  foot  board  measure,  and  the  weight 
of  pine  or  other  soft  woods  at  si  lb>  per  foot;  the  weight  of  asphalt  at  130  lb.,  of  concrete  and 
paving  brick  at  150  lb.,  and  of  granite  at  160  lb  per  cu.  ft. 

The  rails,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall  be  assumed  to 
weigh  not  less  than  100  lb.  per  lineal  foot  of  track. 

29.  Live  Load. — ^The  bridges  of  different  classes  shall  be  designed  to  carry,  in  addition  to 
their  own  weight  and  that  of  the  floor,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as 
specified  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

Class  A,  For  City  Traffic, — For  the  floor  and  its  supports,  on  any  part  of  the  roadway  or 
on  each  of  the  street  car  tracks,  a  concentrated  load  of  24  tons  on  two  axles  10  ft.  centers  and  5  ft. 
gage  (assumed  to  occupy  12  ft.  in  width  for  a  single  line  or  22  ft.  for  a  double  line),  and  upon 
the  remaining  portion  of  the  floor,  a  load  of  125  lb.  per  sq.  ft.  and  a  concentrated  load  as  for  class 
Di.    Sidewalks  a  load  of  100  lb.  pef  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Qass  B,  For  Suburban  or  Interurban  Traffic. — ^Forthe  floor  and  its  supports,  on  any  part 
of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles  lo-ft.  centers  and  5-ft.  gage  (assumed 
to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons  on  two 
axles  lo-ft.  centers;  and  on  the  remaining  portion  of  the  floor,  a  load  of  125  lb.  per  sq.  ft.  and  a 
concentrated  load  as  for  class  Di.    Sidewalks  a  load  of  100  lb.  per  sq.  ft. 

Leads  for  the  trusses  as  per  Table  I. 

Qass  C.  For  Highway  and  Light  Interurban  Traffic, — ^For  the  floor  and  its  supports,  on 
any  part  of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles  lo-ft.  centers  and  5-ft.  gage 
(assumed  to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  r  concentrated  load  of  18  tons 
on  two  axles  lo-ft.  centers;  and  upon  the  remaining  portion  of  the  floor,  a  load  of  125  lb.  per  sq.  ft. 
and  a  concentrated  load  as  for  class  Di.    Sidewall^  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Qass  Du  Heavy  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  125  lb.  per  sq  .ft. 
of  total  floor  surface  or  a  20*ton  motor  truck  with  axles  spaced  12  ft.  and  wheels  with  a  6^ft.  gage, 
with  14  tons  on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and 
32  ft.  long.    The  rear  wheels  to  have  a  width  of  20  in. 

Loacu  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  1,000  lb.  per  lineal  foot  of  bridge. 

Qass  Dt.  Oridnary  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  100  lb.  per 
sq.  ft.  of  total  floor  surface  or  a  15-ton  motor  truck  with  axles  spaced  10  ft.  and  wheels  with  a  6-ft. 
sagef  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with  10  tons  on  rear  axle  and  5  tons  on 
front  axle,  and  with  rear  wheels  15  in.  wide. 

Loads  for  the  trusses  as  per  Table  L  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  800  lb.  per  lineal  foot  of  bridge. 

Qass  Eu  For  Heavy  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  tnicKs  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  40,000  lb.,  making  a  total  of  160,000  lb.  Or  a  uniform  load  of  6,000 
lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  ft. 
and  over,  and  proportionately  for  intermediate  spans. 
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Class  E%.  For  Medium  Eleclric  Railways  On/pr.-— On  each  track  a  series'  of  coacentrationa 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5-ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  i5-ft.  centers.  The 
axles  are  loaded  with  a  load  of  25,000  lb.,  makug  a  total  load  of  100,000  lb.  Or  a  uniform  load 
of  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  2.000  lb.  per  lineal  foot  lor  apa^ns 
of  200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

Class  El.  Far  Light  Electric  Railways  Only,-— On  each  track  a  series  of  concentrati9nfl 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5-ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15-ft.  centers.  The 
axles  are  loaded  with  a  load  of  20,000  lb.  making  a  total  load  of  80,000  lb.  Or  a  uniform  load  of 
2,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  1,500  lb.  per  lineal  foot  for  spans  of 
200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

TABLE  I. 
Live  Loads  for  the  Trusses 


Span  in  Feet. 

Class  A. 

Class  B. 

Class  C. 

Class  D|. 

Class  Di. 

Pounds  per 

Uneal  Foot  of 

Each  Car 

Track. 

Pounds  per 
Square  Foot  of 

Remaining 
Floor  Sur&ce. 

Lineal  Foot  of 

Each  Car 

Track. 

Pounds  per 
Square  Foot  of 

Remaining 
Floor  Surface. 

Pounds  per 

Lineal  Foot  of 

Each  Car 

Track. 

Pounds  per 
Square  Foot  of 

Remaining 
Floor  Surface. 

i 

Ill 

4 

Up  to 

30 

80 

160 

200 

and  over 

1,800 
1,800 
1,440 

1,200 

"5 
80 

1,800 
1,800 
1,440 

1,200 

"5 

60 

1,800 
1,200 
1,080 

1,000 

60 

'5^ 

68 
60 

100 

SO 

Loads  for  intermediate  spans  to  be  proportional. 

30.  Wind  Loads. — ^The  lateral  bracing  in  the  unloaded  chords  of  truss  bridges  shall  be  designed 
for  a  lateral  wind  load  of  150  lb.  per  lineal  foot  of  bridge,  considered  as  a  moving  load.  The  lateral 
bracing  in  the  loaded  chords  of  truss  brid^  shall  be  designed  for  a  lateral  wind  load  of  300  lb.  per 
lineal  foot  of  bridge,  considered  as  a  moving  load.  For  spans  over  300  ft.  each  of  the  above  load- 
ings shall  be  increased  10  lb.  for  each  20  ft.  increase  in  span.  In  highway  bridges  not  carrying 
electric  cars  the  end-posts  of  through  and  deck  bridges  and  the  intermediate  posts  of  through 
bridges  shall  be  designed  for  a  combination  (i)  of  the  dead  load  stresses  and  the  total  live  load 
stresses;  or  (2)  of  the  dead  load  stresses,  the  live  load  stresses,  the  impact  and  centrifugal  stresses* 
and  one-half  the  total  wind  load  stresses.  In  low  truss  bridf;es  and  plate  girders  not  carrying 
electric  cars  the  wind  load  on  the  unloaded  chord  may  be  omitted  and  the  lateral  bracing  be  de- 
signed for  a  lateral  wind  load  of  300  lb.  per  lineal  foot  treated  as  a  moving  load.  In  bridges  with 
sway  bracing  one-half  of  the  wind  load  may  be  assumed  to  pass  to  the  lower  chord  through  the 
sway  bracing. 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the  following  lateral 
forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads:  The  trusses  loaded  or  unloaded,  the 
lateral  pressures  specified  above;  and  a  lateral  pressure  of  100  lb.  for  each  vertical  lineal  foot  of 
trestle  bent. 

32.  Tempentisre. — ^Stresses  due  to  a  variatioQ  in  temperature  of  150  degrees  shall  be  pro- 
videdfor  (58i). 

J\.  Centrifngal  Force  of  Tnin.—Structures  located  on  curves  shall  be  desisned  (or  the 
ugal  force  of  the  live  load  acting  at  the  top  of  the  raiL  The  centrifugal  force  mall  be  calcu- 
lated by  the  foltowinj:  formula:  C  •>  (0043—  0.003 D)  IF* P;  where  C  •>  centrifugal  force  in  lb.; 
W»  weight  of  train  m  lb.;  and  D  «  degree  of  curvature. 

X4.  LongitadinAl  Forces. — ^The  stresses  produced  in  the  bracing  of  the  trestle  towers,  in  anv 
members  of  the  trusses,  or  in  the  attachments  of  the  girders  or  trusses  to  their  bearings,  by  sud- 
denly stopping  the  maximum  electric  car  trains  on  any  part  of  the  work  must  be  provided  for; 
the  coefficient  of  friction  of  the  wheels  on  the  rails  being  assumed  as  0.20. 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be  accurately 
calculated. 
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PART  III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

36.  Unit  Stresses. — AR  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
iTiaidmuin  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.,  except  as  modified  by 
§45  and  §48. 

Impact. — ^The  dynamic  increment  of  the  live  load  stress  shall  be  added  to  the  maximum  live 
load  stresses  as  follows: 

For  the  floor  and  its  supports  including  floor  slabs,  floor  joist,  floorbeams  and  hangers,  30 
per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  =  100/(1,  -f  300),  where  L  =  length  of  span  for  simple  highway  spans  (for  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

37.  Tension. — ^Axial  tension  on  net  section 16,000 

The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not  exceed 

200  times  their  radius  of  gyration  about  the  horizontal  axis.    The  horizontal  projection  of  the 
unsupported  portion  of  the  member  is  to  be  considered  as  the  effective  length. 

38.  Compression. — ^Axial  compression  on  gross  section 16,000  —  7o7/r 

with  a  maximum  of  14,000  lb.;  where  *7"  is  the  length  of  member  in  inches  and  *'r"  is  the  least 
radius  of  gyration  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times  its  least  radius  of 
pyration  for  main  members  or  120  times  for  laterals  for  classes  A,  B,  C,  Ei,  Ej,  and  E»;  or  125  times 
Its  least  radius  of  gyration  for  main  members  or  150  times  for  laterals  for  classes  Di  and  Di. 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 

net  section 16,000 

on  extreme  fibers  of  pins 24,000 

40.  Shearing. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

41.  Bearing. — Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers;  per  linear  inch 6ood 

where  "d"  is  the  diameter  of  the  roller  in  inches. 
Rivets  shall  not  be  used  in  direct  tension,  except  for  lateral  bracing  where  una: voidable;  in 
which  case  the  value  for  direct  tension  on  the  rivet  shall  be  taken  the  same  as  for  single  shear. 

42.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.  The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 
stresses. 

43.  Angles  in  Tension. — ^Whea  single-angle  members  subject  to  direct  tension  are  fastened  by 
one  leg,  only  seventy-five  per  cent  of  the  net  area  shall  be  considered  effective.  Angles  with  lug 
angle  connections  shall  not  be  considered  as  fastened  by  both  legs. 

4^  Net  Section. — In  members  subject  to  tensile  stresses  full  allowance  shall  be  made  for 
reduction  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivet -holes 
shall  be  taken  as  having  a  diameter  |  in.  greater  than  the  normal  size  of  rivet. 

^5.  Long  Span  Bridges. — For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 
span  is  such  that  it  makes  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
tne  chords,  the  chord  shall  be  proportioned  for  the  greater  length. 

46.  Wind  Stresses. — ^The  stresses  in  truss  members  or  trestle  posts  from  assumed  wind  forces 
need  not  be  considered  except  as  follows: 

1.  When  the  direct  wind  stresses  per  square  inch  in  any  member  exceed  25  per  cent  of  the 
stresses  due  to  dead  and  live  loads  in  the  same  member.  The  section  shall  then  be  increased 
until  the  total  unit  stress  shall  not  exceed  by  more  than  25  per  cent  the  maximum  allowable 
stress  for  dead  and  live  loads. 

2.  When  the  wind  stress  alone  or  in  combination  with  a  possible  temperature  stress  can 
neutralize  or  reverse  the  stresses  in  the  member. 

When  both  direct  and  flexural  stresses  due  to  wind  are  considered  50  per  cent  may  be  added 
to  allowable  stresses  for  dead  and  live  loads,  provided  the  area  thus  obtained  is  not  less  than  re- 
quired for  dead  and  live  loads  alone,  or  for  dead,  live  and  direct  wind  loads  designed  as  in  §i|.6. 

47.  Combined  Stresses. — Members  subjected  to  direct  and  bending  stresses  shall  be  designed 
BO  that  the  greatest  fiber  stress  shall  not  exceed  the  allowable  unit  stress  on  the  member. 
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48.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  the  fiber  stress  due  to  weight  and 
eccentric  loading  on  any  member  exceeds  10  per  cent  of  the  allowable  unit  stress  on  the  member 
such  excess  must  be  considered  in  proportioning  the  member.     See  §46. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed  so  that  an  increase 
of  the  live  load  of  25  per  cent  will  not  increase  the  stress»in  the  counters  more  than  25  per  cent. 

50.  Desi|^  of  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of 
inertia  of  their  net  section ;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used 
as  flange  section.  The  thickness  of  web  plates  shall  be  not  less  than  A  in.,  nor  less  than  1/160  of 
the  unsupported  distance  between  flange  angles. 

Compression  Flanges. — In  beams  and  plate  girders  the  compression  flanges  shall  have  the 
same  gross  section  as  the  tension  flanges.  Through  plate  girders  shall  have  their  top  flanges 
stayed  at  each  end  of  every  floorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by 
knee  braces  or  eusset  plates.  The  stress  per  sq.  in.  in  compression  flange  of  any  beam  or  girder 
shall  not  exceed  16,000  —  200-//6,  when  flange  consists  of  angles  only  or  if  cover  consists  of  flat 
plates,  or  16,000—  150  lib  if  cover  consists  of  a  channel  section,  where  7  »  unsupported  distance 
and  h  »  width  of  flange. 

51.  Web  Stiffeners. — ^There  shall  be  web  stiffeners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  ^  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
clear  depth  of  the  web):  d  =  t  (12,000  —  ^)/40. 

Where  d  ^  clear  distance,  between  stiffeners  of  flange  angles;  /  =  thickness  of  web;  s  «  shear 
per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  38,  the  effective  length  being  assumed  as  one-half  the  depth  of  girders.  End  stiffeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.  Intermediate  stiffeners  may  be 
offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder,  plus  2  in. 

52.  Flange  Rivets. — ^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distnbuted  over  three  ties. 

53.  Depth  Ratios. — ^Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  eirders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
tnan  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded.     For  steel  joists  and  track  stringers,  see  §  19. 

54.  Low  Trusses. — Riveted  low  trusses  shall  have  top  chords  composed  of  a  double  web  mem- 
ber with  cover  plate.  The  top  chords  shall  be  stayed  against  lateral  bending  by  means  of  brackets 
or  knee  braces  rigidly  connected  to  the  floorbeam  at  intervals  not  greater  than  twelve  times  the 
width  of  the  cover  plate.  The  posts  shall  be  solid  web  members.  The  floorbeams  shall  be  riveted, 
preferably  above  the  lower  chora.     Pin-connected  low  truss  bridges  shall  not  be  used. 

55.  Rolled  Beams. — Rolled  beams  shall  be  designed  by  using  their  moments  of  inertia.  The 
webs  of  rolled  beams  and  plate  girders  shall  be  assumed  to  take  all  the  shear. 

PART  IV.    DETAILS  OF  DESIGN. 
General  Requirements. 

56.  Open  Sections. — ^Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for  in- 
spection, cleaning  and  painting. 

57.  Water  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes, 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

59.  Coonters. — Rieid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  tum- 
Duckles. 

60.  Strength  of  Connections.— The  strength  of  connections  shall  be  sufficient  to  devek>p  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

61.  Mininiwm  Thickness. — The  minimum  thickness  of  metal  shall  be  A  in.  in  classes  A,  B, 
C,  Ei,  Et  and  Et,  except  for  fillers;  and  }  in.  in  classes  Dt  and  Ds,  except  for  fillers  and  webs  of  chan- 
nels. Webs  of  channels  for  classes  Di  and  Ds  may  have  a  minimum  thickness  of  0.20  in.  The 
minimum  angle  shall  be  2  in.  x  2  in.  x  i  in.  The  minimum  rod  shall  have  an  area  of  at  least 
X  sq.  in.,  in  allclasses  except  Di  and  Dt,  which  shall  have  no  rods  less  than  }  in.  in  diameter.  Webs 
'^  olate  girders  shall  not  be  less  than  ^  in* 

'^7,  Fitch  of  Rivets. — ^The  minimum  distance  between  tenters  of  rivet  holes  shall  be  three 
ere  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  I-in.  rivets. 
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2 1  in.  for  i-in.  rivets,  and  2  in.  for  |-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for 
members  composed  of  plates  and  shapes  shall  be  i6  times  the  thickness  of  the  thinnest  outside 
plate  or  6  in.  For  angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  12  in. 
apart  in  either  direction  shall  be  used  to  hold  the  plates  well  together.  In  tension  members  com- 
posed of  two  angles  in  contact,  a  pitch  of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

63.  Edge  IMstance. — ^The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  1}  in.  for  {-in.  rivets,  ij  in.  for  }-in.  rivets,  and  li  in.  for  j-in.  rivets  i  and  to  a  rolled 
edge  i},  li  and  i  in.,  respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times 
the  thickness  of  the  plate,  but  shall  not  exceed  6  in. 

64.  Maximiim  Diameter. — The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
shall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  |-in. 
rivets  may  be  used  in  3-in.  angles,  f-in.  rivets  in  2i-in.  angles,  and  |-in.  rivets  in  2-in.  angles. 

65.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  A-in.  of  grip. 

66.  Pitch  at  Ends. — ^The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

67.  Compression  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

68.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall 
have  a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

69.  Batten  Plates. — ^The  open  sides  of  all  compression  members  shall  be  stayed  by  batten 
plates  at  the  ends  and  diagonal  lattice-work  at  intermediate  points.  The  batten  plates  must  be 
placed  as  near  the  ends  as  pracdcable,  and  shall  have  a  length  not  less  than  the  greatest  width  of 
the  member  or  1}  times  its  least  width. 

70.  Lattice  Bars. — ^The  latticing  of  compression  members  shall  be  proportioned  to  resist 
the  shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 
column  formula  in  paragraph  38  by  the  term  70  //r.  They  must  not  be  less  in  width  than  1}  in. 
(or  members  6  in.  in  width,  if  in.  for  members  9  in.  in  width,  2  in.  for  members  12  in.  in  width, 
2i  in.  for  members  15  in.  in  width,  nor  2}  in.  for  members  18  in.  and  over  in  width.  Single  lattice 
bars  shall  have  a  thickness  not  less  than  one-fortieth,  or  double  lattice  bars  connected  by  a  rivet 
at  the  intersection,  not  less  than  one-sixtieth  of  the  distance  between  the  rivets  connecting  them 
to  the  members.  They  shall  be  inclined  at  an  angle  not  less  than  60°  to  the  axis  of  the  member  for 
single  latticing,  nor  less  than  45**  for  double  latticing  with  riveted  intersections. 

71.  Spacing  of  Lattice  Bars. — Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange 
included  between  their  connection  shall  be  as  strong  as  the  member  as  a  whole.  The  pitch  of 
the  lattice  bars  must  not  exceed  the  width  of  the  channel  plus  nine  inches. 

^  72.  Rivets  in  Flanges. — Five-eighths-inch  rivets  shall  be  used  for  latticing  flanges  less  than 
2}  in.  wide;  }-in.  for  flanges  from  2}  to  3}  in.  wide;  {-in.  rivets  shall  be  used  in  flanges  3}  in.  and 
over,  and  lattice  bars  with  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

73.  Splices. — In  compression  members  joints  with  abutting  faces  planed  shall  be  placed  as 
near  the  panel  points  as  possible,  and  must  be  spliced  on  all  sides  with  at  least  two  rows  of  rivets 
on  each  side  of  the  joint.  Joints  with  abutting  faces  not  planed  shall  be  fully  spliced.  Joints  in 
tension  members  shall  be  fully  spliced. 

74.  Pin  Plates. — ^Where  necessary,  pin-holes  shall  be  reinforced  by  plates,  some  of  which 
must  be  of  the  full  width  of  the  member,  so  the  allowed  pressure  on  the  pins  shall  not  be  exceeded, 
and  so  the  stresses  shall  be  properly  distributed  over  the  full  cross-section  of  the  members.  These 
reinforcing  plates  must  contain  enough  rivets  to  transfer  their  proportion  of  the  bearing  pressure, 
and  at  least  one  plate  on  each  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  nearest 
batten  plate. 

75.  Riveted  Tension  Members. — Riveted  tension  members  shall  have  an  effective  section 
through  the  pin-holes  25  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  pin 
at  least  75  per  cent  of  the  net  section  through  the  pin-hole. 

76.  inns. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected  upon 
the  turned  body  of  the  pin.  The  diameter  of  the  pin  shall  not  be  less  than  i  of  the  depth  of  any 
eye-bar  attached  to  it.*  They  shall  be  secured  by  chambered  Lomas  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

77.  Filling  Rings. — Members  packed  on  pins  shall  be  held  against  lateral  movement. 

78.  Bolts. — Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.    A  washer  at  least  }  in.  thick  shall  be  used  under  the 

*  The  allowable  bearing  stress  «  |  allowable  tensile  stress. 
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nut.    Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.    Heads  and  nuts  shall 
be  hexagonal. 

79.  Indirect  Splices. — ^Where  ^lice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

80.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

81.  Expansion. — Provision  for  expansion  to  the  extent  of  |  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point  (532). 

82.  Expansioa  Bearings. — Spans  of  60  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfaces. 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  to  oermit  motion  in  one  direction 
only.     Fixed  bearings  shall  be  hrmly  anchored  to  the  masonry  (§87}. 

84.  Rollers. — Ex[>ansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  100  feet 
and  less,  and  shall  be  increased  i  in.  for  each  100  ft.  additional.  They  shall  be  coupled  together 
with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Built  pedestals  shall  be  made  of  plates  and  angles.  All 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  The  vertical  webs  must  be 
secured  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vertical  legs.  No  basei^ate  or  web 
connecting  angle  shall  be  less  in  thicxness  than  )  in.  The  vertical  webs  ^all  be  of  sufficient  height 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearings 
or  rollers. 

Where  the  size  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly  connected  trans- 
versely. 

87.  All  the  bed-plates  and  bearings  under  fixed  and  movable  ends  must  be  fox-bolted  to  the 
masonry;  for  trusses,  these  bolts  must  not  be  less  than  1}  in.  diameter;  for  plate  and  other  girders, 
not  less  than  {  in.  diameter. 

The  details  of  cast  iron  or  cast  steel  shoes  shall  be  subject  to  the  special  approval  of  the  en- 
gineer. 

88.  Wall  Plates. — ^Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  desired  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.    They  shall  be  secured  against  displacement. 

89.  Anchorage. — Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  lon^  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift  (§11). 

90.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 

91.  Camber. — ^Tniss  spans  shall  be  given  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horizontal  projections,  longer  than  the  corresponding  panels  of  the  bottom  chord 
in  the  proportion  of  A  ii^-  m  10  ft.     Plate  girder  spans  need  not  be  cambered. 

92.  Eye-bars. — The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact ;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

PART  V.    MATERIALS  AND  WORKMANSHIP. 
Material. 

93.  Process  of  Manufacture. — ^Steel  shall  be  made  by  the  open-hearth  process  and  shall 
compKr  with  the  standard  specifications  of  the  Am.  Ry.  Eng.  Assoc. 

(Sections  94  to  117  inclusive  cover  the  Am.  Ry.  Eng.  Assoc.  Specifications  for  steel,  see 
specifications  for  railroad  bridges.  Chapter  IV.) 

1 18.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir,  Southern 
yellow  pine,  or  white  oak  bridge  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind 
shakes,  large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength 
or  durability. 

Workmanship. 

119.  GeneraL — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.    The  workmanship  and  finish  shall  be  eaual  to  the  best  practice  in  modem  bridge  works. 

120.  Straightening  MateriaL — Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

121.  Finish. — ^Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

122.  Size  of  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 
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123.  Rivet  Holes. — ^When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
not  be  more  than  A  in.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more  than 
i  in.  greater  than  the  diameter  of  the  punch.  Material  more  than  }  in.  thick  shall  be  sub-punched 
and  reamed  or  drilled  from  the  solid. 

124.  Punching. — ^All  punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes 
will  not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed. 
Poor  matching  of  holes  will  be  cause  for  rejection. 

125.  Sub-punching  and  Reaming. — Where  reaming  is  required,  the  punch  used  shall  have  a 
diameter  not  less  than  A  in-  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  ^  in.  larger  than  the  nominal  diameter  of  the  rivet.  AH 
reaming  shall  be  done  with  twist  drills.     (S140.) 

126.  Reaming  After  Assembling. — When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  firmly  bolted  together.  If  necessary  to 
take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
so  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

127.  Edge  Planing. — ^Sheared  edges  or  ends  shall,  when  required,  be  planed  at  least  }  in. 

128.  Burrs. — The  outside  burrs  on  reamed  holes  shall  be  removed. 

129.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted. 

130.  Lattice  Bars. — ^Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

131.  Web  Stiffeners. — ^Stiffeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

132.  Splice  Plates  and  Fillers. — ^Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  I  in.  of  flange  angles. 

133-  Web  Plates. — ^Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  i  in.,  unless  otherwise  called  for. 
When  web  plates  are  spliced,  not  more  than  }  in.  clearance  between  ends  of  plates  will  be  allowed. 

134.  Connection  Angles. — Connection  angles  for  floorbeams  and  stringers  shall  be  flush 
with  each  other  and  correct  as  to  {position  and  len^h  of  girder.  In  case  milling  (of  all  such  angles) 
is  needed  or  is  required  after  riveting,  the  removal  of  more  than  ^  in.  from  their  thickness  will  be 
cause  for  rejection. 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hanmiers  shall  be  used  in  preference  to  hand  driving. 

136.  Rireting. — Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
of  equal  size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping 
and  calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

137.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  }  in. 
thick  shall  be  used  under  nut. 

138.  Members  to  be  Strai^t. — The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

139.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  fciced,  so  as  to  have  even  beanngs  aifter  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

140.  Field  Connections. — ^Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  125,  to  a  steel  templet  one  inch  thick.  (If  required,  all 
other  field  connections,  except  those  for  laterals  and  swa^  bracing,  shall  be  assembled  in  the  shop 
and  the  unfair  holes  reamed;  and  when  so  reamed,  the  pieces  shall  be  match-marked  before  being 
taken  apart.) 

141.  Eye-bsfs. — ^Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists,  folds 
in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging. 
Welding  will  not  be  allowed.  The  form  of  heads  will  be  determmed  by  the  dies  in  use  at  the 
works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head  and 
neck  shall  not  vary  more  than  ^  in.  from  that  specified. 

142.  Boring  Eye-bsfs. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  care- 
fully straitened.  Pin-holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars 
of  the  same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  A^  in.  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 

11 
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143.  Pill-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  member  is  riveted  up. 

144.  Variation  in  Pin-Holes. — The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  ^  in.,  and  the  diameter  of  the  holes  not  more  than  ^  in.  larger  than  that  of  the  pin,  for 
pins  up  to  ^-in.  diameter,  and  if  in.  for  larger  pins. 

145.  Ions  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — ^Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  i }  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

147.  Annealing. — ^Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

148.  Steel  Castings. — ^All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  will  not  be  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.    Cast  wall  plates  . 
shall  be  planed  too  and  bottom.    The  cut  of  the  planing  tool  shall  correspond  with  the  direction 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 

152.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

154.  Weight — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

155.  Finished  Weight — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

SHOP  PAINTING. 

156.  Cleaning. — ^Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  good  coating  of  pure  linseed  oil,  or  such  pamt  as  may  be  called  for,  wcU  worked  into  all  joints 
and  open  spaces. 

157.  Cfontact  Suxfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

158.  Inaccessible  Suxfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

150.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Machine-finished  Suxfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161 .  Facilities  for  Shop  Inspectioii. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — ^The  purchaser  shall  be  notified  well  in  advance  of  the  start 
of  the  work  in  tl^  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and 
workmanship. 

163.  Cofies  of  Mill  Orden. — The  purchaser  shall  be  furnished  complete  copies  of  mill  orders, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection. 

164.  Facilities  for  Mill  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  nulls  where  material  to  be  inspected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — ^When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  ill  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 
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167.  Accepting  Material  or  Work. — ^The  inspector  shall  stamp  each  piece  accepted  with  a 
private  mark.  Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the 
work.  If  the  inspector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 
is  defective  or  contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion, 
may  be  rejected  by  the  purchaser. 

168.  Shop  Plans. — ^The  purchaser  shall  be  furnished  complete  shop  plans  (§13). 

169.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment. 

FULL-SIZED  TESTS. 

170.  Test  to  Prove  Workmanship. — Full-sized  tests  on  eye-bars  and  similar  members,  to 
prove  the  workmanship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by 
the  purchaser  at  contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the 
members  represented  by  them  will  be  rejected. 

171.  Bye-bar  Tests. — In  eye-bar  tests,  the  fracture  shall  be  silky,  thfe  elongarion  in  10  ft., 
including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
elastic  limit  shall  be  recorded  (§141). 

ERECTION. 

172.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified,  furnish  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  floor  timbers, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  traffic. 

173.  The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel 
work  to  the  masonry.  He  shall  drill  all  the  necessary  holes  in  the  masonry,  and  set  all  bolts  with 
neat  Portland  cement. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completed. 

175.  Whenever  new  structures  are  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
down  and  removed  by  the  contractor  to  some  place  where  the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  traffic,  interfere  with 
the  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 

177.  The  contractor  shall  assume  all  risks  of  accideitts  and  damages  to  persons  and  properties 
prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 

PAINTING  AFTER  ERECTION. 

179.  After  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease 
or  other  material,  then  thoroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  the  engineer,  mixed  with  linseed  oil.  All  recesses  which  may  retain  water,  or  through  which 
water  can  enter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
be  allowed  to  diy  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  with 
round  brushes  of  the  best  quality  obtainable  on  the  market.  The  paint  shall  be  delivered  on  the 
work  in  the  manufacturer's  original  packages  and  is  subject  to  inspection.  If  tests  made  by  the 
inspector  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thoroughly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anything 
whatsoever;  in  cold  weather  the  paint  may  be  thinnea  by  heating  under  the  direction  of  the 
inspector.  No  turpentine  nor  benzine  shall  be  allowed  on  the  work,  except  by  the  permission  of 
the  inspector,  and  in  such  quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
painting  is  to  be  done  by  the  contractor,  and  no  painting  shall  be  done  until  the  inspector  has 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  doors 
in  freezing,  rainy,  or  misty  weather,  and  all  surfaces  to  which  paint  is  to  be  applied  shall  be  dry, 
clean  and  warm.  In  cool  weather  the  paint  may  be  thinned  by  heating,  and  this  may  be  required 
by  the  inspector. 

REFERENCES. — ^For  the  calculation  of  stresses  in  bridge  trusses  and  plate  girders,  for 
details  of  bridges,  for  the  design  of  bridge  details,  and  for  additional  examples  of  highway 
bridges,  see  the  author's  "  The  Design  of  Highway  Bridges." 
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143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  member  is  riveted  up. 

144.  Variation  in  Pin-Holes. — The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  ^  in.,  and  the  diameter  of  the  holes  not  more  than  ^  in.  larger  than  that  of  the  pin,  for 
pins  up  to  5-in.  diameter,  and  ^  in.  for  larger  pins. 

145.  Pins  and  RoUers.-^Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  i }  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

147.  Annealing. — ^Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

148.  Steel  Castings. — ^All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  will  not  be  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.    Cast  wall  plates  . 
shall  be  planed  top  and  bottom.    The  cut  of  the  plamng  tool  shall  correspond  with  the  direction 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 

152.  Field  Rivets. — ^Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

154.  Weic^t. — ^The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

155.  Finifldied  Weight — Payment  for  ]x>und  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

SHOP  PAINTING. 

156.  Cleaning. — ^Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

157.  Cfontact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

158.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

150.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Machine-finished  Surfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161.  Facilities  for  Shop  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  b  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — ^The  purchaser  shall  be  notified  well  in  advance  of  the  sUrt 
of  the  work  in  tl^  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and 
workmanship. 

163.  Cc^es  of  Min  Orders. — ^The  purchaser  shall  be  furnished  complete  copies  of  mill  orders, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection. 

164.  Facilities  for  Mill  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  b  manufactured.  He  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — ^When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  hts  inspection  is  being  manu- 
factured. 
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167.  Accepting  Material  or  Work. — ^The  inspector  shall  stamp  each  piece  accepted  with  a 
private  mark.  Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the 
work.  If  the  inspector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 
is  defective  or  contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion, 
may  be  rejected  by  the  purchaser. 

168.  Shop  Plans. — ^The  purchaser  shall  be  furnished  complete  shop  plans  (§13). 

169.  Shipping  Invoices. — Complete  copies  of  shipping  ul voices  shall  be  furnished  to  the 
purchaser  with  each  shipment. 

FULL-SIZED  TESTS. 

170.  Test  to  Prove  Workmanship. — ^Full-sized  tests  on  eye-bars  and  similar  members,  to 
prove  the  workmanship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by 
the  purchaser  at  contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the 
members  represented  by  them  will  be  rejected. 

171.  Bye-bar  Tests. — In  eye-bar  tests,  the  fracture  shall  be  silky,  thfe  elongation  in  10  ft., 
including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
elastic  limit  shall  be  recorded  (§141). 

ERECTION. 

172.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified,  furnish  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  floor  timbers, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  traffic. 

173.  The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel 
work  to  the  masonry.  He  shall  drill  all  the  necessary  holes  in  the  masonry,  and  set  all  bolts  with 
neat  Portland  cement. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completed. 

175.  Whenever  new  structures  are  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
down  and  removed  by  the  contractor  to  some  place  where  the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  traffic,  interfere  with 
the  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 

177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  persons  and  properties 
prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 

PAINTING  AFTER  ERECTION. 

179.  After  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease 
or  other  material,  then  thoroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  the  engineer,  mixed  with  linseed  oil.  All  recesses  which  may  retain  water,  or  through  which 
water  can  enter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
be  allowed  to  dry  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  with 
round  brushes  of  the  best  quality  obtainable  on  the  market.  The  paint  shall  be  delivered  on  the 
work  in  the  manufacturer's  original  packages  and  is  subject  to  inspection.  If  tests  made  by  the 
inspector  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thoroughly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anything 
whatsoever;  in  cold  weather  the  paint  may  be  thinnea  by  heating  under  the  direction  of  the 
inspector.  No  turpentine  nor  benzine  shall  be  allowed  on  the  work,  except  by  the  permission  of 
the  inspector,  and  m  such  quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
painting  is  to  be  done  by  the  contractor,  and  no  painting  shall  be  done  until  the  inspector  has 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  doors 
in  freezing,  rainy,  or  misty  weather,  and  all  surfaces  to  which  paint  is  to  be  applied  shall  be  dry, 
clean  and  warm.  In  cool  weather  the  paint  may  be  thinned  by  heating,  and  this  may  be  required 
by  the  inspector. 

REFERENCES. — ^For  the  calculation  of  stresses  in  bridge  trusses  and  plate  girders,  for 
details  of  bridges,  for  the  design  of  bridge  details,  and  for  additional  examples  of  highway 
bridges,  see  the  author's  "  The  Design  of  Highway  Bridges." 


CHAPTER  IV. 
Steel  Railway  Bridges. 

TTPES  OF  STEEL  BRIDGES. — ^The  same  types  of  trusses  are  used  for  railway  as  for  high- 
way bridges,  Fig.  4,  Chapter  III.  Beam  bridges  are  used  for  short  spans,  and  plate  girders  up  to 
spans  of  about  125  ft.  Riveted  truss  spans  are  used  for  spans  of  100  ft.  and  upwards.  Pin-con- 
nected truss  spans  are  still  used  for  long  span  bridges  and  by  a  few  railroads  for  spans  of  150  ft. 
and  upwards.  Many  railroads  are  building  riveted  trusses  for  spans  of  more  than  200  ft.,  and 
riveted  truss  spans  of  300  ft.  are  not  uncommon.  The  new  terminal  bridge  over  the  Missouri 
River  at  Kansas  City,  Mo.,  has  riveted  trusses  with  a  span  of  425  ft.  6}  in.  The  Norfolk  &  West- 
em  R.  R.  has  constructed  a  double  track  bridge  over  the  Ohio  River  with  a  span  of  520  ft.,  which 
is  riveted  with  the  exception  of  four  bottom  chord  panel  points,  which  have  pin  joints.  The 
lengths  and  types  of  railway  bridges  as  used  by  different  railroads  are  given  in  Table  XII  in  the 
latter  part  of  this  chapter.  The  longest  simple  truss  span  is  668  ft.  and  is  in  the  Municipal  Bridge 
over  the  Mississippi  River  at  St.  Louis,  Mo.  The  maximum  practical  length  of  simple  span  truss 
bridges  made  of  carbon  steel  is  about  550  feet;  while  with  nickel  steel  it  is  practical  to  build  simple 
truss  spans  up  to  750  feet  and  economical  to  build  simple  truss  spans  up  to  700  feet.  The  pro- 
posed Metropolis  Bridge  over  the  Ohio  River  will  be  a  double  track  simple  truss  bridge  with  a 
span  of  720  feet. 


Fig.  I.    Diagrammatic  Sketch  of  a  Railway  Truss  Bridgb. 
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(b)  (C)  (d) 

Fig.  2.    Railway  Steel  Trestle. 

TABLE  I. 

Data  on  Railroad  Bridges  Designed  Under  Common  Standard  (Harriman  Lines) 

Specifications  C.  S.  1006. 
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A  diagramatic  sketch  of  a  truss  railway  bridge  is  shown  in  Fig.  i.  The  names  of  the  different 
members  are  shown  on  the  diagram.  The  floor  may  be  carried  on  two  or  more  stringers.  Two 
stringers  are  commonly  used  for  an  open  timber  floor  and  two  or  four  stringers  for  a  ballasted  floor. 

A  railway  steel  trestle  is  shown  in  Fig.  2.  Steel  trestles  are  commonly  built  with  the  interr 
mediate  spans  equal  to  twice  the  tower  spans;  60  feet  and  30  feet,  and  80  feet  and  40  feet  being 
common  lengths  of  span. 

Swing,  movable,  cantilever  and  suspension  bridges  will  not  be  considered  in  this  chapter. 
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Fig.  3.    Weight  of  Single  Track  Deck 

Plate  Girder  Spans,  Concrete  Ballast 

Floor.    Chicago,  Milwaukee  &  St. 

Paul  Ry. 


Fig.  4.    Weight  of  Single  Track  Riveted 
Deck  Truss  Spans.    Chicago,  Mil- 
waukee &  St.  Paul  Ry. 


WEIGHTS  OF  RAILWAY  BRIDGES.— The  weights  of  railway  bridges  vary  with  the 
loading,  the  specifications,  the  span,  the  width,  the  type  of  floor^  and  with  the  design.  The  weights 
of  the  total  structural  steel  in  single  track  bridges  of  different  types  as  designed  and  built  by  the 
Chicago,  Mflwaukee  &  St.  Paul  Ry.  are  given  in  Fig.  3  to  Fig.  lo,  inclusive. 

Weights  of  single  track  plate  girder  spans  as  designed  and  built  by  the  Illinois  Central  Rail- 
road are  given  in  Fig.  ii.  Fig.  12  and  Fig.  13;  weights  of  single  track  through  bridges  are  given  in 
Fig.  14,  weights  of  signal  bridges  are  given  in  Fig.  15,  and  weights  of  single  track  draw  spans  are 
given  in  Fig.  i6.  Weights  and  other  data  for  railway  bridges  designed  by  the  Harriman  Lines, 
under  **  Common  Standard  Specification  1006"  (approximately  equal  to  Cooper's  E  55),  are  given 
in  Table  I. 

Weights  of  single  track  steel  viaducts  as  designed  by  the  McClintic-Marshall  Construction 
Co.  are  given  in  Fig.  17. 
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For  the  relative  weights  of  railway  bridges  built  of  carbon  and  of  nickel  steel,  see  paper 
entitled  "Nickel  Steel  for  Bridges,"  by  Mr.  J.  A.  L.  Waddell,  M.  Am.  Soc  C.  E.,  printed  in  Trans. 
Am.  Soc.  C.  £.,  Vol.  63, 1909. 
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Fig.  5-    Wbight  of  Single  Track  Through 

Plate  Girder  Spans.    Type  C4  (Flanges 

OF  2  Angles  and  Cover  Plates,  Two 

Stringers).    Chicago,  Milwaukee 

&  St.  Paul  Ry. 
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0  10  W  50  40  50  60  70  80  90 
3pdn  in  Feet. 

Fig.  6.    Weight  of  Through  Plate  Girder 
Spans.    Type  C3  (Flanges  of  2  Angles 
and  Cover  Plates,  Shallow  Floor, 
4  Stringers).    Chicago,  Mil- 
waukee &  St.  Paul  Rt. 


LOADS. — ^The  dead  load  of  a  railway  bridge  is  assumed  to  act  at  the  joints  the  same  as  in  a 
highway  bridge.  The  dead  joint  loads  are  commonly  assumed  to  act  on  the  loaded  chord,  but 
may  be  assumed  as  divided  between  the  panel  points  of  the  two  chords,  one-third  and  two-thirds 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  points  of  the  unloaded  and  the 
loaded  chords,  respectively,  see  discussion  of  specifications  in  the  last  part  of  this  chapter. 

The  live  load  on  a  railway  bridge  counts  of  wheel  loads,  the  weights  and  spacing  of  the 
wheels  depending  upon  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  differ  so 
much  that  it  would  be  difficult  if  not  impossible  to  design  the  bridges  on  any  railway  system  for 
the  actual  conditions,  and  conventional  systems  of  loading,  which  approximate  the  actual  con- 
ditions, are  assumed.  The  conventional  systems  for  calculating  the  live  load  stresses  in  railway 
bridges  that  have  been  most  favorably  received  are:  (i)  Cooper's  Conventional  System  of  )\Tieel 
Concentrations;  (2)  the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  load 
and  one  or  two  wheel  cnncentrations.  In  addition  to  these  some  railroads  specify  special  engine 
loadings.    The  three  Viethods  will  be  briefly  described. 


COOPER'S  LOADINGS. 
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Cooper's  CoawtaHooMl  System  of  Whed  Coocentrmtioiis. — In  Cooper's  loadings  two  con- 
solidation locomotives  are  followed  by  a  uniformly  distributed  train  load.  The  typical  loading 
for  Cooper's  Class  £  40,  E  45,  E  50,  £  55  and  E  60,  are  shown  in  Fig.  18.  The  loads  on  the 
drivers  in  thousands  of  pounds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the  same  as 
the  class  number.  The  wheel  spadngs  are  the  same  for  all  classes.  The  stresses  for  Cooper's 
loadings  calculated  for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading. 
For  example,  the  live  load  stresses  in  any  truss  due  to  Cooper's  Class  £  60  are  equal  to  i  of  the 
stresses  in  the  same  truss  due  to  Class  E  40  loading.  The  E  50,  £  55  and  E  60  loadings  are  those 
most  used  for  steam  railways  in  the  United  States.  In  bridges  designed  for  Class  E  40  loading 
and  under  the  floor  system  must  in  addition  be  designed  for  two  moving  loads  of  50,000  lb.  each, 
spaced  6  ft.  apart  on  each  track.     The  special  loads  for  Class  E  50  are  60,000  lb.  with  the  same 
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Fig.  7.    Weight  of  Single  Track   Deck 
Plate  Girder  Spans.    Open  Timber  Floor. 
Type  A4  (Flanges  of  6  Angles  with- 
out Cover  Plates).    Chicago,  Mil- 
waukee &  St.  Paul  Ry. 


10  30  40  50  60  70  80  90 100 
Span  in  Feet. 

Fig.  8.    Weight  of  Single  Track   Deck 

Plate  Girder  Spans.    Timber  Ballast 

Floor.    Type  A4  (Flanges  of  6  Angles 

without  Cover  Plates).    Chicago, 

Milwaukee  &  St.  Paul  Ry. 


spacing.  The  American  Railway  Engineering  Association  has  adopted  Cooper's  loadings,  except 
that  the  special  loads  are  spaced  7  ft.  The  live  loads  used  by  several  prominent  railroads  are 
given  in  Table  XVI.  The  heaviest  locomotives  in  use  on  American  railroads  as  given  in  Bulletin 
No.  161,  November  1913,  of  the  Am.  Ry.  Eng.Assoc.,  by  Mr.  J.  E.  Greiner,  Consulting  Engineer, 
are  given  in  Table  II.  The  maximum  stresses  in  terms  of  the  maximum  stresses  for  E  50  loading 
for  spans  between  100  ft.  and  10  ft.  are  given  in  the  last  two  columns.  The  ratios  for  spans 
greater  than  too  ft.  are  less  than  for  those  given.  The  larger  ratio  is  for  short  spans  so  that  by 
increasing  the  special  concentrated  loads  a  bridge  designed  for  an  E  50  loading  will  safely  carry 
the  heaviest  engines  now  in  use. 
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9.    Weight  of  Single  Track  Through 
Riveted  Truss  Spans.    Chicago, 
Milwaukee  &  St.  Paul  Ry. 
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Fig.  10.    Weight  OF  Single  Track  Through 
Pin  Connected  Truss  Spans.    Chi- 
cago, Milwaukee  &  St.  Paul  Ry. 


TABLE  IL 
Heaviest  Locomotives  and  Relative  Stresses  Produced  for  Spans  of  10  ft.  to  100  ft. 


OaM. 


Ejot 

Atlantic 

Prairie 

Consolidation 
12  Wheel.... 
I>eca] 
Pacific 

Mikado 

12  Wheel  Articulated  t . 

10  Coupled 

20  Wheel  Articulated t . 
16  Wheel  Articulated t . 
24  Wheel  Articulated  t . 
12  Wheel  Electric  Motor 
16  Wheel  Electric  Motor 


Eagine  Alone. 


Wdghtin 
1. 000  Lb. 


225.0 
214.8 

2447 
260.1 
262.0 
267.0 
270.0 
305.0 

334.5 
361.0 
478.0 

616.0 
3004 
320.0 


Wheel 
Base.  Ft. 


23.00 
3079 
34-25 
26.50 
27.08 
29.83 
35.20 
35.00 
30.66 
43.50 
59.80 

40.17 
65.92 
3850 
44.22 


Propor- 
tional 
Weisht. 


1.00 
.96 
1.09 
I.16 
1. 17 
I.19 
1.20 
1.36 

\t. 
2.12 
2.19 
274 

1-33 

142 


Double  Header.^ 


Wdghtin 
1. 000  Lb. 


710.0 
728.4 
807.5 
860.4 

817.4 
802.0 
8654 
960.0 
473.8 
1,074.0 
703.6 
588.0 
841.6 
600.8 
640.0 


Whed 
BaK.  Ft. 


104.0 

127.76 

132.92 

131.81 

130.15 

127.00 

142.48 

150.00 

64.56 
161.00 

9970 

82.58 
105.82 

86.50 
102.84 


Wdght 
per  Ft..  Lb. 


6,830 
5700 
6,070 
6,520 
6,280 
6,320 
6,070 
6,400 

6,670 
7,060 
7,130 
7,950 
6.950 
6,220 


Proportional 
Screw. 


From 


1.00 
0.83 
0.88 
0.99 
1.00 
0.96 
0.93 
1.02 
0.98 

1. 00 

1. 01 

1.26 
I.I5 
0.83 
0.84 


To 


.00 


15 

03 

14 
14 
07 
.08 
16 

15 

26 

14 

34 
33 

0.98 

'0.93 


^  Weight  and  wheel  base  for  articulated  engines  are  given  for  one  engine  and  tender, 
t  Given  for  comparison, 
t  Mallet  Type. 


WEIGHTS  OF  PLATE  GIRDERS. 
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/7'8' 
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8S000 

98000 

III  000 

120000 

HiOOQ 


Span 


80'0' 

esr 

SO'O' 
$S'0' 

loaa 

IIO'O' 


Total 


2200 
25IrO 
2460 
2600 

zim 


Z'ZV 

z'sV 
z'H' 

Z'3V 

z'iV 

Z'4i 
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Fig.  II.    Weights  of  Through  Plate  Girder  Spans. 
Illinois  Central  Railroad. 
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Fig.  12.    Weights  op  Through  Plate  Girder  Spans. 
Illinois  Central  Railroad. 
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Total 

A 
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Fig.  13.    Weights  of  Deck  Plate  Girder  Spans. 
Illinois  Central  Railroad. 
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Fig.  14.    Weights  of  Single  Track  Through  Spans 
Illinois  Central  Railroad. 


WEIOnS  OF  DRAW  SPANS  AND  SIGNAL  BRIDGES. 
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Fig.  15.    Weights  of  Signal  Bridges. 
Illinois  Central  Railroad. 


3S0x\ 


■I  ■■■■■■■■I    ■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii»:;aiiiii 

II  iiiiiiiii    II  11111111111111    ■•iiiiiiiii»r;«iiiMiilii 

II  II  IIIIIIIII    II    liiiiiiiiiiii    iiiiiMt;«iiiiiiiiiiiiiii 

!  !!.!!;!:!:!!  ::  i::::!::;:!:  :::is!::;:!::!!!:!!!!;:!: 

mil  IIIIIIIII  n  iiiiiiiif:ii  iiiiiiiiiiiiiiiiiiiiiiiiii 

i      1      IlillMlllil    Mi      IIIV»:«lllll      llllilliiilllllllllllliill 

Jill  iiiiii  11  I    11  IIIIIIIII  iiii»r^fliiiiiiiii    iiiiiiiiiiiiiiiiiiiiiiiiii 

li  I  IIIIII  II  II  iiiiiiimi»:«iiiiiiiiiiiii  ■iiiiiiiiiiiiiiiiiiiiiiiiii 

■  i  I  IIIIII  II              II  I i»:«i Ill II  I  •iiiiiiiiiiiiiiiiiiiiiiM 

li  I  mil    I              II  iiiriiiiiiiiiiiimiii iiiiiiiiiiiiiiiiiiiiiiiii 

■  1  I  mil    1  11  -:tiiiiiiimiiiiiiiiiiiiii  iiiiiiiiiiiiiiiiiiiiiiiiiii 


1000        ZOOO       Z200 


1400        iOOO 


J200 


200] 


/OOO 


000 


Loodhg-  2-168-75  ton  ongties  fblkmtd  by 
6000  lbs- per  foot  umfbrm  hod* 

For  Double  Trock  Spwis 

howse  carw  mights  6Bper  cent- 

mOHTS  0F5M6LE  TRACK 
DRAW  SPANS' 


9lfEJ6H73  IN  THOUSANDS  or  paws 


Fig.  16.    Weights  of  Single  Track  Draw  Spans. 
Illinois  Central  Railroad. 
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Fig.  1 8.    Cooper's  Conventional  Engine  Loadings. 
(Loads  for  one  track.) 

Equivalent  Uniform  Load  System. — ^The  equivalent  uniform  load  for  calculating  the  stresses 
in  trusses  and  the  bending  moments  in  beams,  is  the  uniform  load  that  will  produce  the  same 
bending  moment  at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  bending  moment 
produced  by  the  wheel  concentrations.  The  equivalent  uniform  loadings  for  diflFerent  spans  for 
Cooper's  E  40  loading  are  given  in  Fig.  19.  The  equivalent  uniform  loading  for  E  60  loading 
will  be  i  the  values  for  E  40  in  Fig.  19.     In  calculating  the  stresses  in  the  truss  niembers  select 


100     m      140      160     160     200     220     240     260     260    W 

^  5pan  of  ^rxd^^  \'r\  Feet. 

Fig.  19.    Equivalent  Uniform  Live  Load  for  Cooper's  E40  Loading. 
(Loads  for  one  track.) 

the  equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web  stresses  by  the  use  of 
equal  joint  loads,  as  for  highway  bridges.  In  designing  the  stringers  for  bending  moment  take  a 
loading  for  a  span  equal  to  one  panel  length,  and  for  the  maximum  floorbeam  reaction  take  a 
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loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary  to  calculate  the  maximum  end 
shears  and  the  shears  at  intermediate  points  by  wheel  concentrations,  or  to  use  equivalent  uni- 
form loads  calculated  for  wheel  concentrations.  The  calculated  values  of  the  moment,  Jf, 
shear,  5,  and  floorbeam  reaction,  R,  for  Class  E6o  are  given  in  Table  IIL  The  equivalent 
uniform  load  method  has  been  advocated  very  strongly  by  Mr.  J.  A.  L.  Waddell  who  has  de- 
scribed its  use  in  detail  in  his  "  De  Pontibus."  Live  load  stresses  as  calculated  by  the  method 
of  equivalent  uniform  loads  are  too  small  for  the  chords  and  webs  between  the  ends  of  the  truss 
and  the  quarter  points,  and  are  too  large  between  the  quarter  points.  The  stresses  obtained 
for  the  counters  are  too  large.  The  live  load  stresses  calculated  by  the  method  of  equivalent 
uniform  loads  are  sufficiently  accurate  for  all  practical  purposes.  Even  though  the  equivalent 
uniform  load  method  is  simple  to  apply  and  gives  results  which  are  sufficiently  accurate,  it  is  now 
seldom  used. 

Unifoim  Load  and  One  or  Two  Excess  Loads. — ^A  uniform  load  is  used  and  to  provide  for 
the  wheel  concentrations  one  or  two  excess  loads  are  assumed  to  run  on  top  of  the  uniform  load. 
This  method  is  now  rarely  used.  In  a  paper  entitled  "  Rolling  Loads  on  Bridges,"  published  in 
Bulletin  No.  l6i.  Am.  Ry.  Eng.  Assoc.,  November  1913,  Mr.  J.  E.  Greiner,  Consulting  Engineer, 
found  that  thirty-eight  of  the  thirty-nine  most  important  railroads  in  the  country  used  a  system 
of  wheel  concentrations,  and  one  road  used  a  uniform  load  with  a  single  excess  load;  the  method 
of  equivalent  uniform  loads  was  not  used. 

MAXmUM  STRESSES.— The  conditions  of  live  loading  for  maximum  stresses  in  beams 
and  trusses  are  as  follows. 

Unxfonn  live  Load  on  Beam  or  Girder. — ^For  bending  moment  the  span  should  be  fully 
loaded.    For  shear  the  longer  segment  of  the  span  should  be  loaded. 

Equal  Joint  Loads. — ^For  bending  moment  (chord  stresses)  the  bridge  should  be  fully  loaded. 
For  shear  (web  stresses  in  trusses  with  parallel  chords)  the  longer  segment  of  the  truss  should  be 
loaded  for  maximum  stress,  and  the  shorter  segment  of  the  truss  should  be  loaded  for  maximum 
counter  stress  (minimum  stress). 

Point  of  MsTJmnm  Bending  Moment  In  a  Beam. — The  maximum  bending  moment  in  a 
beam  loaded  with  moving  loads  will  come  under  a  heavy  load  when  this  load  is  as  far  from  one 
end  of  the  beam  as  the  center  of  gravity  of  all  the  moving  loads  then  on  the  beam  is  from  the  other 
end  of  the  beam. 

Wheel  Loads,  Bridge  with  Parallel  Chords. — The  maximum  bending  moment  at  any  joint 
in  the  loaded  chord  will  occur  when  the  average  load  on  the  left  of  the  section  is  equal  to  the 
average  load  on  the  entire  span. 

The  maximum  bending  moment  at  any  joint  in  the  unloaded  chord  of  a  symmetrical  Warren 
truss  will  occur  when  the  average  load  on  the  entire  span  b  equal  to  the  average  load  on  the  left 
of  the  section,  one-half  of  the  load  on  the  panel  under  the  joint  being  considered  as  part  of  the 
load  on  the  left  of  the  section. 

The  maximum  shear  in  any  panel  of  a  truss  will  occur  when  the  average  load  on  the  panel  is 
equal  to  the  average  load  on  the  entire  bridge. 

Wheel  Loads,  Bridge  with  Inclined  Chords. — ^The  criterion  for  maximum  bending  moment 
in  a  bridge  with  vertical  posts  is  the  same  as  for  bridges  with  parallel  chords. 

For  web  members  the  criterion  is  that 

P/L-P,(i  +  a/f)/l  (1) 

where  P  «  total  load  on  the  bridge; 

Ps  "*  load  on  the  panel  in  question; 
L  «  span  of  bridge; 
/  «  panel  length; 

a  "  distance  from  left  abutment  to  left  end  of  panel  in  question; 

e  «  distance  from  left  abutment  to  intersection  of  top  chord  section  of  the  panel  produced 
and  the  lower  chord.     (The  intersection  is  to  the  left  and  outside  of  the  span.) 


IMPACT  STfiESBES.  1($1 

XEHDS  OF  SXKSSS. — ^Bdd^esuHist  be  dsfii^ned  ior  the  stnnes  d«e  t<'  (i  deau  hm^i 
(2  >  live  orxnoFving  load;  (3)  viod  load;  (4)  snow  load;  Cs)  impact  Bitomxs;  (6)  tcnipeiBtitre atreaeeg ; 
;7'  centrifugal  stresses^  and  (8)  secandary  stfaees  not  taken  into  acoouotin  xha  caktitoticiBs. 
In  addition  to  the  above  it  is  ncoeasary  in  flftiri'iniiiiog  tiieaiiou'aixie  ^tfess.iaaoy  mcmixr  to. take 
into  acconnt  imperfections  in  materials  aad  workmartBlrip^  possible  incresaec  in  livo  kadt,  fattgue 
of  metals,  the  frequency  of  the  application  of  the  stRsss,  oon^oeiDa  and  deterioration  o{  matierialb, 
etc.  The  structure  should  be  so  designed  that  no  part  mil  be  ever  stressed  beycmd  tki:  elastic 
limit.  The  allowable  stresses  for  dead  load  are  usualiy  taken  at  about  ^60  to  yu  per  oeni  of  t^e 
clastic  limit;  for  an  elasric  Umit  of  sovooo  lb.,  the  aUowable  wodring  stFf$sse$  for  doad  kad»  aioac 
would  then  vary  from  iS,ooo  to  21,000  lb.  per  sq.  in. 

IMPACT  SIBSS8S&. — As  a  load  moves  over  the  hosJ^a  it  xauses  -tbioick^  aAc!  vibmtiofis 
whereby  the  actual  iiUuuoca  are  incmaecd  over  those  due  to  the  static  ioad  akme.  it  is  siiown 
in  meidiamcs  of  materials  that  a  load  suddenly  aippUed  ta  a  bar  or  beasn  will  pf)odiuce  stresses 
twice  the  stresses  produced  by  the  same  load  gradually  aipplied.  A  bridge  is  a  txwipkx-stnxotttre 
and  it  is  not  possible  to  determine  the  eacacc  efiect  of  the  moYing  luadb.  It  has  bwn  foond  by 
experiment  that  the  ultimate  strength  for  repeated  hiadb  is  much  bb«  than  ior  duad  hotkds.  In  a 
bridge  it  will  be  seen  that  the  dead  load  is  a  fnced  load  and  that  the  itve  load  is  a  varying  jkuad. 

For  streescs  of  one  kind  Professor  Launhardt  has  prup«wed  the  ioUMwing  i^cimuila: 


S 


(,   Min>  fftr%ss5\ 


where  P  is  the  alknrable  working  stress  requinecl,  and  S  is  the  allowable  woridbig  stwss  for  iivc 
loads,  varying  from  zero  to  the  maximum  stress.  For  ^tresstb  of  opposite  ktnds  ^roissaor  Wey- 
ranch  has  propoaed  the  foUowing  formula: 


V  ^        2  .\iii-\7krt:s«  /  ^' 


where  P  and  5  are  the  same  as  for  the  Launhardt  formula,  the  maiumum  and  nummtim  strawes 
being  taken  without  sign.  For  cx»iumni»  and  t$irut&  the  allowable  uinJim^ii  «it>  given  by  formulas 
12;  and  (3J  are  to  be  reduced  by  a  suitable  column  ftM^mula. 

There  are  three  methods  in  comoKm  use  for  taking  itccount  of  impact  and  fatiioie:  (i  j  impact 
formulas;   (2)  Launhardt- VWyrauch  formula^,  and  I3;  Cooper's  Metbocl, 

(i )  ?-T|f  ^  riiiwmlnr — The  formula  in  most  conuuon  use  io  given  in  the  i«Km 


\L-tb) 


(4) 


where  I  ^  impact  stress  to  be  added  to  the  static  livx*  iuad  stress ,  S  ^  the  static  live  load  Btress, 
Z.  =*  the  krngth  in  feet  of  the  portion  of  the  bridge  that  is  loaded  to  produce  the  maximum  stress 
in  the  member,  and  a  and  b  are  confeUnts  exprcMed  in  feet.  The  American  Kailway  Engioeering 
Association  specifies  for  railway  bridges,  a  ^  b  =  300  ft.  Mr.  J.  A.  L.  Waddeli  specifies  a  =*  400 
f:.,  and  b  *  500  ft.  for  railway  bridges;  and  it  -  100  ft.,  and  b  =*  150  ft.  for  highway  bridges, 
l-or  the  names  of  several  roads  using  A-  R.  PL.  A.  impact  formula,  see  Table  X\l. 

For  liighway  bridges  the  American  Bridge  Company  specifies  that  the  maximum  Jive  load 
sireso  ahall  l>e  incTt:aced  25  per  cent  to  cover  impact  and  vibration. 

Mr.  C.  U  Schneider,  M.  Am.  boc.  C.  E.,  specifies  that  for  electric  railway  bridges 

/  -  5  .  i5o/(Z.  +  300)  (5) 

In  the  Osbom  Engineering  Company *s  1901  specifications  for  railway  and  for  highway 
bnuK^rs  the  impact  is  calnilared  by  the  formula 

i  -  5  .  5/(5  +  D)  (6) 

12 
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idMse  5  is  the  static  live  kiad  stress  and  D  k  die  dead  kiad  stress.    This  method  is  used  by  the 
lUiiftois  Central  R.  R. 

(2)  Lranhaxdt-WeyFUich  Fominlas. — ^Formula  (2)  is  used  for  determining  the  allowable 
stress  for  stresses  of  one  kind  and  formula  (3)  is  used  for  determining  the  allowable  stress  for 
stresses  of  different  kinds.  This  method  is  used  in  Thatcher's  Specifications,  in  Common  Standard 
Specifications  (Harriman  Lines),  and  specifications  of  Pennsylvania  Lines  West  of  Pittsburgh. 

(3)  Cooper's  Method. — Cooper  uses  formula  (2)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (2)  we  have  P  «  2.S. 
while  for  live  loads  the  range  of  stress  is  from  zero  to  the  maYimnm,  and  P  ^  S. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  each 
stress  he  adds  ^ht-tenths  of  the  lesser  of  the  two  stresses. 

IMPACT  TESTS. — ^The  American  Railway  Engineering  Association  has  made  an  exhaustive 
series  of  tests  to  determine  the  effect  of  impact  on  railway  bridges.  The  following  summary  is 
taken  from  the  Proceedii^  of  Am.  Ry.  Eng.  Assoc,  VoL  12,  Part  3. 

(i)  With  track  in  good  condition  the  chief  cause  of  impact  was  found  to  be  the  unbalanced 
drivers  of  the  locomotive.  Such  inequalities  of  track  as  existed  on  the  structures  tested  were  of 
little  influence  on  impact  on  girder  flanges  and  main  truss  members  of  spans  exceeding  60  to  75 
ft.  in  lei^h. 

(2)  When  the  rate  of  rotation  of  the  locomotive  drivers  corresponds  to  the  rate  of  vibration 
of  the  loaded  structure,  cumulative  vibration  is  caused,  which  b  the  principal  factor  in  pro- 
ducing impact  in  loi^  spans.  The  speed  of  the  train  which  produces  this  cumulative  vibration  is 
called  the  "critical  speed."  A  speed  in  excess  of  the  critical  speed,  as  well  as  a  speed  below  the 
critical  speed,  will  cause  vibrations  of  less  amplitude  than  those  caused  at  or  near  the  critical  speed. 

(3)  The  longer  the  span  length  the  slower  is  the  critical  speed  and  therefore  the  maximum 
impact  on  long  spans  will  occur  at  slower  speeds  than  on  short  spans. 

(4)  For  snort  spans,  such  that  the  cntical  speed  is  not  reached  by  the  moving  train,  the 
impact  percentage  tends  to  be  constant  so  far  as  the  effect  of  counterbalance  is  concerned,  but 
the  effect  of  rough  track  and  wheels  becomes  of  greater  importance  for  such  spans. 

(5)  The  impact  as  determined  by  extensometer  measurements  on  flanges  and  chord  members 
of  trusses  b  somewhat  greater  than  the  percentages  determined  from  measurements  of  deflection, 
but  both  values  follow  the  same  general  law. 

(6)  The  maximum  impact  on  web  members  (excepting  hip  verticals)  occurs  under  the  same 
conditions  which  cause  maximum  impact  on  chord  members,  and  the  percentages  of  impact  for 
the  two  classes  of  members  are  practically  the  same. 

(7)  The  impact  on  stringers  is  about  the  same  as  on  plate  girder  spans  of  the  same  length 
and  tne  impact  on  floorbeams  and  hip  verticals  is  about  the  same  as  on  plate  girders  of  a  span 
equal  to  two  panels. 

(8)  The  maximum  impact  percentage  as  determined  by  these  tests  is  closely  given  by  the 
formula 

J 100 

,  +  -^      .  (-> 

20,000 

in  which  I  »  impact  petcentage  and  /  »  span  length  in  feet. 

(9)  The  effect  of  differences  of  design  was  most  noticeable  with  respect  to  differences  in  the 
bridge  floors.  An  elastic  floor,  such  as  furnished  by  long  ties  supported  on  widely  sp&ced  stringers, 
or  a  ballasted  floor,  gave  smoother  curves  than  were  obtained  with  more  ri^d  floors.  The  results 
clearly  indicated  a  cushioning  effect  with  respect  to  impact  due  to  open  jomts,  rough  wheels  and 
similar  causes.  This  cushioning  effect  was  noticed  on  stringers,  hip  verticals  and  short  span 
girders. 

(10)  The  effect  of  design  upon  impact  percentage  for  main  truss  members  was  not  sufficiently 
marked  to  enable  conclusions  to  be  drawn.  The  impact  percentage  here  considered  refers  to 
variations  in  the  axial  stresses  in  the  members,  and  does  not  relate  to  vibrations  of  members 
themselves. 

(11)  The  impact  due  to  the  rapid  application  of  a  load,  assuming  smooth  track  and  balanced 
loads,  is  found  to  be  from  both  theoretical  and  experimental  grounds,  of  no  practical  importance. 

(12)  The  impact  caused  by  balanced  compound  and  electric  locomotives  was  very  small  and 
the  vibrations  caused  under  the  loads  were  not  cumulative. 

(13)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable  on  floorbeams,  but  not 
on  truss  members.  Large  impact  was,  however,  caused  in  several  cases  by  heavily  loaded  freight 
cars  moving  at  high  speeds. 
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TABLE  III. 

Maximum  Moments,  M;  End  Shears,  S;  and  Floorbeam  Reactions,  R;  Per  Rail,  for 

Girders. 

Cooper's  E6o  Loading  (A.  R.  E.  A.). 

Loading  Two  E  60  Engines  and  Train  Load  of  6,000  Pounds  per  Foot  or  Special  Loading 
Two  75,000  Pound  Axle  Loads  7  Ft.  C.  to  C. 

Moments  in  Thousands  of  Foot-Pounds.  Shears  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  Rail.     Results  from  Special  Loading  marked*.    A.  R.  E.  A.  Impact  Formula. 
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End 
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II2.I 

6 

♦  56.2 

*  55.1 

♦37.5 

♦36.8 

40.0 

38.5 

51 

1474.7 

1260.4 

132.5 

II3.2 

7 

♦  65.6 

♦64.2 

38.6 

37-7 

47.1 

.   45.0 

52 

1522.8 

1297.8 

I34.I 

1 14.3 

8 

♦  75-0 

♦  73.0 

♦42.2 

♦41.2 

52.5 

49.8 

53 

I57I.O 

I335.I 

135.7 

1 15.3 

9 

•84.4 

♦  82.0 

♦45.8 

♦44.5 

56.7 

53.5 

54 

162I.5 

1374.2 

137.4 

1 16.4 

10 

♦  93-7 

*  90.7 

♦48.8 

♦47-2 

60.0 

56.3 

55 

1675.2 

1415.7 

139.0 

II7.5 

II 

♦103.0 

♦  99.5 

*5i.i 

♦49.3 

65.5 

61.0 

56 

1728.0 

1456.7 

140.6 

1 18.5 

12 

120.0 

wn 

♦53.2 

*5i.i 

70.0 

64.8 

57 

I781.9 

1497.4 

142.2 

1 19.5 

»3 

142.5 

55-4 

53-1 

73.9 

68.0 

58 

1834s 

'^Fi 

143.8 

120.5 

14 

165.0 

157.6 

57.8 

55-2 

78.2 

71.5 

59 

18914 

1580.6 

145.4 

I2I.5 

15 

187.5 

178.6 

60.0 

57.2 

82.0 

74.5 

60 

1949.4 

'^t^ 

'^li 

122.5 

16 

210.0 

199.3 

63.8 

60.6 

85.3 

77'^ 

61 

2007.5 

1668.3 

148.6 

123.5 

17 

232.5 

220.0 

67.1 

63.5 

88.2 

79.2 

62 

2064.3 

1710.8 

150.2 

124.5 

18 

255.0 

240.5 

70.0 

66.0 

91.0 

81.3 

63 

21234 

1754.9 

152.0 

125.6 

19 

280.0 

263.2 

72.6 

68.3 

94-3 

83.7 

64 

2183.3 

1799.4 

153.8 

126.8 

20 

309-5 

290.5 

75.0 

70.3 

98.3 

86.7 

H 

2246.3 

1846.3 

155.7 

128.0 

21 

339-0 

316.8 

77-1 

72.1 

101.9 

89.4 

66 

2309.3 

1893.0 

157.5 

1 29. 1 

22 

368.5 

im 

79.1 

73.7 

105.2 

91.7 

67 

2378.3 

1943.2 

159.6 

130.5 

23 

398.2 

80.9 

75.1 

108.2 

93.8 

68 

2435.4 

1985.3 

161.7 

I3I.8 

24 

427-8 

396.1 

83.1 

76.9 

1 10.9 

95.6 

96 

24984 

2031.2 

163.8 

133.2 

25 

457.5 

422.3 

85.2 

78.6 

113.5 

97.3 

70 

2561.3 

2076.8 

165.8 

134.4 

26 

487.2 

448.3 

87.1 

80.2 

1 16.6 

99.4 

71 

2624.5 

2122.2 

167.7 

135.6 

27 

516.9 

474.2 

88.9 

81.6 

1 20. 1 

101.8 

72 

2688.0 

2168.0 

170.0 

I37.I 

28 

548.3 

501.5 

90.6 

82.9 

123.4 

104.0 
106.0 

73 

2750.9 

2212.5 

172.2 

138.5 

29 

582.0 

530.7 

92.3 

84.2 

126.5 

74 

2818.5 

2260.7 

174.4 

139.9 

30 

615.8 

559.8 

94.6 

86.0 

129.4 

107.8 

75 

2888.6 

2310.9 

'^o1 

I4I.2 

31 

649.3 

588.5 

96.6 

87.5 

132.7 

IIO.O 

76 

2958.0 

2360.1 

178.6 

I42.S 

32 

683.2 

617.3 

98.6 

89.1 

136.5 

112.5 

77 

3028.6 

2410.0 

180.6 

143.7 

33 

716.9 

645.8 

100.4 

90.5 

140.0 

1 14.8 

78 

3096.6 

2457.6 

182.5 

144.8 

34 

750.6 

674.2 

102. 1 

91-7 

143.2 

1 16.7 

79 

3168.2 

2507.8 

184-4 

146.0 

35 

784.5 

702.5 

103.8 

93-0 

1464 

118.7 

80 

3240.7 

2558.5 

186.3 

I47.I 

36 

823.0 

734.9 

105.9 

94.6 

149.3 

120.4 

81 

33114 

2607.4 

188.4 

1484 

37 

861.6 

767.0 

107.8 

96.0 

152.2 

122.1 

82 

3385.1 

26584 

1904 

149-5 

38 

900.0 

798.8 

109.7 

^i 

155.6 

124.2 

83 

3459.6 

2709.8 

192.3 

150.6 

39 

940.0 

831.8 

1114 

158.8 

126.0 

84 

3534.6 

27614 

194.2 

151.7 

40 

9834 

867.7 

113.1 

99.8 

162.0 

127.9 

85 

36104 

2813.3 

196. 1 

152.8 

41 

42 
43 
44 

ji 

49 

1027.0 
1070.4 
1113.9 
"57-4 
1201.1 

903.5 
938.9 

974-2 
10094 

1044-4 
1078.9 

11134 
1147-8 
1 184.8 

115.2 
117.2 
119.0 
120.8 

101.3 
102.8 

86 

^6894 

2867.4 

I98.I 

154.0 

87 

3766] 

2919.8 

200.1 

155.1 

104. 1 
105.3 
106.5 

107.7 
108.8 

f^ 

3846.0 

2973.7 

202.1 

156.3 

89 

3924.3 

3026.5 

204.0 

157.3 

122.5 
124.2 
125.9 
127.5 
129.2 

Viaduct 

00 

4005.8 

3081.4 

205.8 

158.3 

1244-4 
1287.9 
1331.4 
1378.3 

Span 

3o'-6o' 

179.2 

91 

92 

40844 

3133-8 

207.7 

159.4 

4164.0 

3186.7 

209.7 

160.5 

109.9 
III. I 

Q^ 

4246.6 

3241.6 

2II.6 

161.5 

94 

4328.0 

3295.4 

213.5 

162.6 
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TABLE  III.— CanHntied. 
Maximum  Moments,  M;  End  Sheaks,  S;  and  Floorbeam  Reactions,  R;  Fbk  Rail,  for 

Girders. 
Cooper's  E6o  Loadii^  (A.  R.  E.  A.). 


Spaa 

Ft, 


21 
96 

97 

98 

99 

100 

lOI 

102 
103 
104 
105 
106 
107 
108 
109 


niM 
M 


44084 
4490.7 
4573.S 
4659.8 

4743-8 
4830.0 
4916.9 
5004.0 

5115.5 
5212.8 

5306.5 
5401.3 
5499.2 
5617.0 
5727.6 


Moment 

ImpsKrt, 

M'. 


3348.2 
3402.0 
3456.0 
35124 
3566.7 
3622.5 
3678.5 
3734-f 
3808.1 
3870.9 

3930-7 
3991.1 
40534 
4130.1 
4201.1 


2154 
217.2 
219.2 
221.2 
223.1 
225X> 
226.8 
228.6 
2304 
232.3 
234.1 

i3S.9 
237.7 
^394 
241.2 


163.6 
164.5 
165.6 
166.7 
167.7 

168.8 
169.7 
170.6 

171.5 
172.5 

173-4 
174-3 
175.2 
176.0 
176.9 


Flooffaeaua 

Reacti^ 

R. 


Viaduct 
Span 

40'-^' 
197-2 


Viaduct 

•  Span 

4o'-8o' 

236.5 


Flooffacsua 

Impact 

R'. 


Ft. 


no 
III 

112 

"3 
"4 

"I 
116 

"7 
118 
119 
120 
121 
122 
123 
124 
125 


Momenta 
M. 


5829.6 

59374 
6040.0 
6148.2 
6258.0 
6366.8 
6478.0 
6586.1 
6696.6 
6808.3 
6921.6 
7030.5 
7143.8 
7260.1 
73764 
7495-2 


Moment 

Impact 

M'. 


4265.5 
4333.9 
4398.1 
4466.0 
4534-8 
4602.5 
4671.6 
4738.2 
4806.1 
48747 
4944-0 
5009.9 
5078.5 
5148.9 
5219.1 
5290.7 


End 

Shear 

S. 


243.0 
244.8 
246.6 
248.3 

25ao 
251.8 
253.6 

255-3 
257.0 
258.8 
260.5 
262.2 
264.0 
265.7 
2674 
269.1 


End 
Im] 


gr 


177.8 
178.7 

1795 
180.3 
181.2 
182.0 
182.9 
183.6 
184.4 
185.3 
186.I 
186.9 
187.7 
1884 
189.2 
190.0 


CALCULATION  OF  STRESSES.— For  the  calculation  of  stresses  in  railway  bridges,  see 
the  author's  "The  Design  of  Highway  Bridges;"  Johnson,  Bryan  &  Tumeaure's  "Framed  Struc- 
tures," Part  I;  Marburg's  "Framed  Structures,"  Part  I;  Spofford's  "Theory  of  Structures";  or 
other  standard  teictboof 

Moments,  End  Shears  and  Floorbeam  Reactions. — ^The  maximum  bending  moments  and 
end  shears,  for  Cooper's  E  60,  and  A.  R.  £.  A.  special  loadings,  for  girders  up  to  125  ft.  span  are 
given  in  Table  III.  The  maximum  moments  occur  at  a  point  near  the  center  of  the  girder. 
Maximum  floorbeam  reactions  are  given  for  stringers  up  to  40  ft.  span.  The  table  also  gives 
the  impact  stress  calculated  for  A.  R.  £.  A.  impact  formula  (4). 

The  maximum  moments,  end  shears,  quarter-point  shears,  center  shears,  and  maximum 
floorbeam  reactions  for  girders  up  to  75  ft.  span  are  given  in  Table  IV. 

Moment  Diagram. — ^A  diagram  giving  the  position  of  the  wheels  in  Cooper's  £  loadings  that 
will  produce  maximum  moment  in  a  beam  or  at  a  panel  point  in  a  truss  is  ^ven  in  Table  \  a. 
The  condition  for  maximum  shear  in  the  first  panel  is  the  same  as  for  bending  moment  at  Lu 
which  value  may  be  obtained  from  Table  Va.  Other  loadings  for  maximum  shear  must  be  cal- 
culated by  means  of  the  criterion  given  above. 

A  moment  diagram  for  Cooper's  E  60  loading  is  given  in  Table  Vb,  and  brief  instructions 
for  use  of  the  table  are  given  on  the  page  opposite  Table  Vb. 

Shears  in  Bridges. — ^Shears  in  the  panels  of  the  loaded  chords  of  spans  with  3  to  9  panels, 
for  Cooper's  E  50  loading,  are  given  in  Table  VI,  Table  VII.  and  Table  VIII.  To  obtain  the 
shears  for  E  60  loading  multiply  the  tabular  values  by  J.  The  stresses  in  the  web  members  of  a 
Pratt  truss  are  equal  to  the  shears  X  sec  tf,  where  B  is  the  anj^le  that  each  web  member  makes  with 
a  vertical  line.    The  tables  were  calculated  by  the  McClintic-Marshall  Construction  Company. 

Moments  In  Bridges. — Bending  Moments  in  beams  and  girders  and  at  points  in  the  loaded 
chord  of  bridges,  are  given  in  Table  IX  and  Table  X.  The  bending  moments  for  an  E  60  loading 
will  be  equal  to  the  tabular  values  X  f . 

For  example,  the  bending  moment  for  an  E  50  loading,  at  joint  Li,  in  an  8  panel  truss  of  «<»-/ 1. 
span  from  Table  X,  is  6,787  thousand  ft.-lb.  For  an  E  60  loading  the  bending  moment  at  joint 
Li  is  6,787  X  6/5  =  8.145  thousand  ft.-lb..  which  checks  the  value  calculated  from  Table  \1> 
on  the  page  opposite  Table  Vb.  The  tables  were  calculated  by  the  McClintic-MarBhall  Con- 
struction Company. 

Elevated  Trestie  Span  Reactions. — ^The  floorbeam  reactions  and  the  maximum  reactions  of 
the  intermediate  and  tower  spans  of  elevated  railway  trestles  may  be  calcul£(ted  from  Table  IX 
and  Table  X,  as  follows:  _ 

Required  the  end  reactions  for  a  40  ft.  tower  span  and  an  80  ft.  intermediate  span.  Take  a 
span  equal  to  40  -|-  80  =  120  ft.,  and  calculate  the  bending  moment  at  a  point  40  ft.  from  the 
left  end.     In  Table  IX,  take  a  6-panel  bridge  with  20  ft.  panels,  the  bending  moment  at  Lt  is 
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^  =  5.255  thousand  ft.-lb.    Then  the  reaction,  R^  MX  ^~i^  =  Af  X  3/80  =  5.255  X  3/80 

=  197.1   thousand  lb.     For   E60,  Ri  ^  RX  6/5  =  197.1  X  6/5  =  236.5  thousand  lb.,  which 
checks  the  value  in  Table  III. 


TABLE  IV. 

Maximum  End  Shbass,  Quarter-Point  Shears,  Center  Shears;  Maximum  Moments,  and 
Floorbeam  Reactions  for  Girders. 

Cooper's  E60  Loading  (A.  R.  E.  A.). 

Moments  in  Thousands  of  Foot-Pounds.    Shears  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  Rail.     Results  from  Special  Loading  marked*. 


Span 

u 

Ft. 


End 
Shear. 


Quarter 
Pbint 
Shear. 


Center 
Shear. 


Maximum 
Moment. 


Floorbeam 
Reaction. 


Ft. 


End 
Shear. 


Quarter 
Point 


Center 
Shear. 


Maximum 
Moment. 


20 
21 
22 
23 
H 

26 

27 
28 
29 

30 
31 
32 

33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 


♦48.8 
•51.1 
♦53.2 

55-4 
57.8 

60.0 
63.8 
67.1 
70.0 
72.6 

75.0 
77.1 

79.1 
80.9 
83.1 

85.2 
87.1 
88.9 
90.6 
92.3 

98.6 

100.4 

I02.I 

103.8 
105.9 
107.8 
109.7 
III4 

113. 1 

1 15.2 
117.2 
II  9.0 
120.8 


30.0 
♦32.4 

♦34-4 
♦36.0 

♦37.5 

♦38.8 
♦39.9 

42.6 
43.8 

45.0 

47.2 
49.2 
50.8 
52.5 

S4-0 

554 

56.7 

57-9 
59-0 

60.0 
61.2 
62.4 
63.6 
64.7 

65.7 
66.7 
67.S 
68.3 
69.0 

70.2 
71.3 
72.3 
73.3 
74-3 


*i8.8 
*i8.8 
♦18.8 
*i8.8 
19.3 

♦20.0 

*2I.I 
♦22.1 
♦22.9 
♦23.7 

♦24.4 
♦25.0 
♦25.6 
♦26.1 
♦26.6 

♦27.0 

♦27.4 
♦27.8 
♦28.1 
♦28.5 

♦28.8 
♦29.1 
♦29.3 
♦29.6 
♦29.8 

30.3 
30.9 

3  IS 

32.0 

32.5 

33.0 
33-5 
33-9 
344 
34-8 


♦  93.7 

♦103.0 

120.0 

142.5 

165.0 

187.5 
210.0 
232.5 
255.0 
280.0 

309.5 
3390 
368.5 
398.2 
427.8 

457.5 
487.2 
516.9 

548.3 
582.0 

615.8 

649.3 
683.2 
716.9 
750.6 

784.5 
823.0 
861.6 
900.0 
940.0 

983.4 
1027.0 
1070.4 
1113.9 
"574 


60.0 
65.5 
70.0 

73-9 
78.2 

82.0 

85.3 
88.2 
91.0 
94.3 

98.3 
101.9 
105.2 
108.2 
110.9 

113.5 
116.6 
120.1 
123.4 
126.5 

129.4 
132.7 
136.5 
140.0 
143.2 


45 
46 

47 
48 
49 

50 
51 
52 
53 
54 

li 

57 
58 
59 

60 
61 
62 

64 

65 
66 

67 
68 

69 

70 
71 
72 
73 
74 

75 


122.5 
124.2 
125.9 
127.5 
129.2 

130.8 
132.S 
134.1 
1357 
137.4 

139.0 
140.6 
142.2 
143.8 
145.4 

147.0 
148.6 
150.2 
152.0 
153.8 

155.7 
157.S 
159.6 
161.7 
163.8 

165.8 
167.7 
170.0 
172.2 
174.4 

176.5 


75.3 
76.1 

77.1 
78.2 

79.2 

80.2 
81.2 
82.2 
83.1 
84.1 

85.2 
86.3 
87.3 
88.3 
89.3 

90.2 
91.1 
92.0 
92.9 
93.8 

94.7 
95.6 
96.5 
97.4 
98.3 

99.2 

lOO.l 

101. o 
101.9 

102.8 

103.6 


35.2 

35.6 

36.0 

3<^.3 
36.8 

37.2 
37.8 
38.3 

38.7 
39.2 

39.6 
40.0 
40.4 
40.8 
41.3 

41.8 

42.3 
42.8 

43.2 

43.7 

44.1 
44.6 
45.0 
45.4 
45.7 

46.2 
46.6 
47.1 

47-5 
48.0 

48.4 


1201.1 
1244.4 
1287.9 
1331.4 
1378.3 

1426.3 

1474.7 
1522.8 
1571.0 
1621.5 

1675.2 
1728.0 
1781.9 
1834.5 
1891.4 

1949-4 
2007.5 
2064.3 
2123.4 
2183.3 

2246.3 
2309.3 
2378.3 

2435.4 
2498.4 

2561.3 
2624.5 
2688.0 
2750.9 
2818.5 

2888.6 
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TABLE  VI. 
Maxiuum  Shears  in  Truss  Bridges  for  Cooper's  E50  Loading. 
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TABLE  VII. 
Maximum  Shears  in  Truss  Bridges  for  Cooper's  E50  Loading. 
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TABLE  VIII. 
Maximum  Shbars  in  Truss  Bridges  for  Cooper's  E50  LoADiNa 
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TABLE  X. 
Maximuu  Bending  Moments  in  Pratt  Truss  Bridges  for  Cooper's  E50  Loading. 
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SHEARS  AND  MOMENTS  IN  A  PLATE  GIRDER  BRIDGE.— The  maximum  shears 
and  moments  in  an  86  ft.  span  deck  girder  railway  bridge  are  shown  in  Fig.  20.  In  calculating  the 
maximum  live  load  shears  the  girder  was  divided  into  sections  about  7  ft.  in  length  and  the  maxi- 
mum shears  were  calculated  as  in  a  truss  bridge.  The  maximum  bending  moments  were  also 
calculated  for  the  same  points  in  the  girder.  The  make-up  of  the  tension  flange  and  the  rivet 
spacing  is  shown  in  Fig.  20. 

The  stress  diagram  for  a  60  ft.  span  single  track  deck  plate  girder  bridge  is  shown  in  Fig.  21. 
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Fig.  20.    Shears  and  Moments  in  a  Railway  Plate  Girder. 

MATERIAL. — Open-hearth  carbon  steel  complying  with  the  specifications  of  the  Am.  Ry, 
Eng.  Assoc,  as  given  in  the  last  part  of  this  chapter  is  commonly  used  for  bridges  up  to  spans 
of  500  to  550  feet.  For  spans  of  more  than  500  or  550  feet  to  about  650  feet  carbon  and  nickel 
steel  are  used,  or  nickel  steel  alone  is  used.  For  spans  of  650  to  750  feet  nickel  steel  alone  should 
be  used.  For  an  exhaustive  discussion  of  the  use  of  nickel  steel  in  the  construction  of  bridges  see 
article  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  in  Trans. 
Am.  Soc  C.  E.,  Vol.  63,  1909.  An  excellent  discussion  of  the  design  of  large  bridges  is  given  in 
"Design  of  Large  Bridges  with  Special  Reference  to  the  Quebec  Bridge"  by  Ralph  Modjeski, 
Consulting  Engineer,  in  Journal  Franklin  Institute,  September,  1913. 

ALLOWABLE  STRESSES.— The  allowable  stresses  on  carbon  steel  as  adopted  by  the  Am. 
Ry.  Eng.  Assoc,  are  given  in  the  specifications  in  the  last  part  of  this  chapter.  Out  of  39  railroads 
in  the  United  States  24  were  using  the  Am.  Ry.  Eng.  Assoc,  specifications  for  allowable  unit 
stresses  in  1913.     For  additional  data  on  unit  stresses,  see  Table  XVI. 
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ECONOMIC  DESIGN  OF  RAILWAY  BRIDGES.— Pin-connected  truss  bridges  have 
been  used  for  railroads  on  account  of  the  ease  of  erection,  ease  in  calculating  the  stresses,  and  the 
simplicity  of  details  which  give  small  secondary  stresses.  The  present  practice  in  railway  bridge 
design  is  to  use  plate  girders  for  spans  up  to  about  115  ft.,  and  riveted  truss  bridges  for  longer 
spans;  pin-connected  bridges  being  used  only  for  very  long  spans  and  for  spans  of  200  ft.  and  over 
where  there  is  some  special  reason  such  as  ease  of  erection  or  low  cost.  The  author  would  recom- 
mend pin-connected  truss  bridges  for  all  spans  of  200  ft.  and  over  for  the  following  reasons: — 
(i)  the  weight  of  a  pin-connected  truss  bridge  with  eye-bars  is  less  than  the  weight  of  a  riveted  truss 
bridge  of  the  same  span  and  capacity,  and  while  the  shop  cost  per  pound  of  pin-connected  truss 
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bridges  is  slightly  higher  than  for  riveted  truss  bridges,  the  total  cost  erected  of  the  structural 
steel  in  the  pin-connected  bridge  is  less  than  the  steel  in  the  riveted  bridge.  (2)  The  pin-con- 
nected truss  bridge  can  be  erected  in  less  time  at  a  very  much  less  cost  than  the  riveted  truss  bridge. 
(3)  The  secondary  stresses  in  the  pin-connected  truss  bridge  are  smaller  than  in  the  riveted  truss 
bridge  and  the  structure  is  more  efficient.  (4)  With  the  present  ballasted  floors  the  vibration 
and  impact  stresses  are  no  greater  in  a  pin-connected  truss  bridge  than  in  a  riveted  truss  bridge. 
Riveted  tension  members  are  difficult  to  design  and  are  expensive  of  material  and  labor.  Eye- 
bars  are  ideal  tension  members  in  which  the  material  is  used  efficiently.  For  the  above  reasons 
the  author  predicts  that  the  pin-connected  bridge  for  spans  of  200  ft.  and  over  will  regain  its 
place  as  a  standard  type  of  railroad  bridge. 

The  Pratt  truss  with  parallel  chords  is  used  for  pin-connected  spans  up  to  about  250  ft., 
while  riveted  truss  spans  are  made  with  Pratt  or  Warren  trusses;  double  and  triple  intersection 
trusses  are  also  used  for  riveted  trusses.  For  long  span  bridges  the  subdivided  Pratt  truss  with 
inclined  chords  (Petit  truss)  is  generally  used.  The  width  center  to  center  of  trusses  should  not 
be  less  than  one-twentieth  of  the  span,  and  preferably  not  less  than  one-eighteenth.  The  height 
at  the  center  should  be  from  one-fifth  to  one-seventh  of  the  span;  the  Municipal  Bridge  at  St. 
Louis  has  a  center  height  of  one-sixth  of  the  span.  The  height  at  the  ends  should  be  only  sufficient 
for  an  effective  portal.  The  most  economical  inclination  of  diagonals  is  very  nearly  40  degrees, 
so  that  in  a  Petit  truss  the  panel  length  should  be  about  0.42  times  the  height.  For  the  most 
economical  web  system  the  panels  should  vary  in  length  as  the  depth  varies,  but  this  increases 
the  weight  of  the  floor  and  also  increases  the  shop  cost  and  cost  of  erection,  so  that  constant  panel 
lengths  are  commonly  used.  One  railroad  specification  requires  that  panel  lengths  shall  not 
exceed  35  feet.  For  truss  bridges  of  the  Pratt  type  with  two  stringers  and  an  open  timber  floor 
the  present  practice  is  to  use  a  panel  length  of  22}  to  27}  ft.,  with  25  ft.  as  an  average.  Increasing 
the  length  of  the  panels  increases  the  weight  of  the  floor  system,  and  decreases  the  weight  of  the 
trusses.  The  economical  panel  lengths  for  bridges  with  ballasted  floor  is  less  than  for  bridges  with 
open  timber  floor.  Riveted  truss  bridges  with  triple-intersection  web  members,  Fig.  41,  are 
made  with  very  short  panels. 

With  the  increase  in  the  size  of  the  sections  in  a  bridge  great  care  must  be  taken  in  detailing 
to  use  details  that  will  develop  the  full  strength  of  the  members.  Increased  details  increase  the 
shop  cost  and  for  this  reason  there  is  a  tendency  for  bridge  companies  to  cut  down  details  and  to 
change  details  so  as  to  simplify  shop  work  even  at  the  expense  of  added  weight  in  order  to  obtain 
a  low  pound  price.  For  this  reason  detail  drawings,  not. necessarily  shop  drawings,  should  always 
be  made  by  the  designing  engineer.  The  author  has  in  mind  a  case  where  to  change  the  details 
of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details  equal  to 
5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field  rivets, 
with  no  increase  in  efficiency.     It  is  needless  to  say  the  change  was  not  made. 

An  empirical  rule  for  calculating  the  economical  depth  of  plate  girder  spans  is  to  make  the 
area  of  the  flanges  equal  to  the  area  of  the  webs.  The  actual  depths  of  plate  girders  are  commonly 
slightly  less  than  the  depth  given  by  the  above  rule.  The  minimum  thickness  of  f  inch  for  plate 
girder  webs  should  be  used  only  for  stringers  with  short  spans,  and  the  thickness  of  the  web 
should  be  increased  as  the  span  and  depth  of  the  girder  increases.  For  the  depths  and  spacing  of 
plate  girders  designed  under  Common  Standard  Specifications  1006,  see  Table  I. 

DETAILS  OP  RAILWAY  BRIDGES.— It  is  very  important  that  the  details  of  railway 
bridges  be  worked  out  with  great  care.    A  few  standard  details  will  be  briefly  described. 

Sectioiis  for  Chords  and  Posts. — Chord  sections  are  shown  in  (a)  to  (i)  in  Fig.  22.  Sections 
(a)  and  (b)  are  used  for  light  chords  and  (c),  (d)  and  (e)  for  heavy  chords.  Sections  (a)  and  (d)  are 
also  made  by  turning  the  angles  in,  as  in  section  (i).  Sections  (f)  to  (i)  are  used  for  chord  sections, 
for  intermediate  posts  and  for  columns.  Sections  (n)  and  (p)  to  (t)  are  used  for  column  sections. 
Chord  sections,  posts  and  columns  with  diaphragms  or  webs  at  right  angles  to  each  other  as  in 
(a)  to  (e),  (n),  and  (p)  to  (t)  give  much  better  results  under  actual  service  than  laced  sections  as 
in  (0  to  (i)  and  (o).    Sections  G)  to  (m)  and  (o)  are  used  for  struts  and  braces. 
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Floors. — Bridges  may  have  open  timber  floors  as  in  Fig.  23,  or  ballasted  floors  as  in  Fig.  24^ 
or  in  Fig.  25.  For  track  elevation  and  for  bridges  crossing  over  streets,  buildings,  and  similar 
locations  and  for  ballasted  floors,  the  bndge  floor  is  waterproofed  and  the  water  falling  on  the 
floor  is  carried  to  the  ground  through  properly  arranged  drains. 
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Details  of  the  standard  timber  floors  used  by  the  Southern  Pacific  R.  R.,  the  Union  Pacific 
R.  R.  and  other  Harriman  Lines  are  given  in  Fig.  23.  For  additional  details  of  open  timber  floon 
see  Fig.  i  and  Fig.  2,  Chapter  VII.    The  American  Railway  Engineering  Association  in  191 2 
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recommended  that  guard  timbers  be  used  on  all  open-floor  bridges,  also  that  guard  raib  be  used 
on  all  bridges,  and  that  the  guard  rails  should  extend  at  least  50  ft.  beyond  the  end  of  the  bridge. 
For  additional  details  see  Chapter  VI I,  "Timber  Bridges  and  Trestles." 

Details  of  a  ballasted  floor  with  a  reinforced  concrete  slab  deck,  and  a  ballasted  floor  with  a 
timber  deck,  as  designed  and  used  by  the  Chicago,  Milwaukee  &  St.  Raul  Ry.  are  given  in 
Fig.  24.  The  reinforced  concrete  slabs  are  made  either  at  the  bridge  site  or  at  some  other  con- 
venient location  and  are  hoisted  into  place  after  the  concrete  has  gained  sufficient  strength. 

The  Chicago,  Burlii^on  &  Quincy  R.  R.  uses  reinforced  omcrete  slabs  for  a  ballasted  deck 
on  deck  girders  that  differ  from  the  Chicago,  Milvraukee  &  St.  Paul  slabs  in  Fig.  24,  in  the  following 
details.  The  reinforced  concrete  slabs  are  14  ft.  long  in  place  of  15  ft.;  and  are  5  ft.  wide  in  place 
of  3  ft.  7  in.  The  top  of  the  slabs  and  the  edges  of  the  slabs  are  painted  with  tar  paint  (made  of 
16  parts  coal  tar,  4  parts  Portland  cement,  and  5  parts  kerosene).  The  edges  of  the  reinforced 
concrete  slabs  are  beveled  and  after  the  slabs  are  laid  the  joint  between  the  slabs  is  packed  with 
oakum  for  a  depth  of  i  in.  at  the  bottom  and  the  remainder  of  the  joint  is  filled  with  I  to  3  Portland 
cement  mortar.  Where  the  reinforced  concrete  deck  is  placed  on  a  deck  girder  with  cover  plates, 
a  strip  of  No.  22  gage  lead  3  in.  wider  than  the  cover  plate  is  placed  on  top  of  the  cover  plate  and 
forced  down  over  the  rivet  heads.  After  the  slabs  have  been  put  in  place  and  blocked  up  to  the 
proper  elevation  the  space  between  the  lead  sheet  and  the  slab  is  filled  with  i  to  3  Portland  cement 
mortar.  The  minimum  thickness  of  the  mortar  joint  is  one  inch.  Cinders  or  slag  are  not  used 
for  ballast  on  reinforced  concrete  slab  decks. 

•  A  standard  reinforced  concrete  floor  for  a  through  plate  girder  bridge  as  designed  by  the 
Chicago,  Burlington  &  Quincy  R.  R.  is  shown  in  Fig.  25.  The  concrete  is  1:2:4  Portland 
cement  concrete.  The  upper  surface  of  the  concrete  slab  is  painted  with  coal  tar  paint,  the  same 
as  the  deck  slabs.    Zinc  sheets.  No.  22  gage  and  8  in.  wide  are  placed  on  the  tops  of  the  fioorbeams. 

A  steel  plate  ballasted  floor  on  a  through  riveted  truss  bridge  is  shown  in  Fig.  41. 

WATERFROOFIIIG  BRIDGE  FLOORS.— The  problem  of  waterproofing  bridge  floors  is  a 
difficult  one  and  has  been  worked  out  in  great  detail  by  the  engineers  of  many  railroads,  and  by 
the  American  Railway  Engineering  Association.  For  a  very  full  discussion  of  the  problem,  see 
the  proceedings  of  the  American  Railway  Engineerii^  Association,  especially  Volume  14,  1 9 13, 
and  Volume  15,  1914.  The  following  extracts  from  the  report  of  a  committee  of  the  American 
Railway  Engineering  Association  presented  at  the  annual  meeting  of  the  society  in  March,  I9I4, 
are  of  value. 

The  methods  of  waterproofing  are  stated  as  follows: — 

"The  ordinary  methods  of  waterproofing  are. 

"(i)  Coalings:  (a)  Linseed  oil  paints  and  varnishes,  (b)  Bituminous;  asphalt  and  coal  tar. 
(c)  Liquid  hydrocarbons,     (d)  Miscellaneous  compounds.  ^  (e)  Cement  mortar. 

"  (2)  MenU)ranes:  Felts  and  burlaps  in  combination  with  various  cementing  compounds. 

"(3)  IfUegrals:  (a)  Inert  fillers,     (b)  Active  fillers. 

"(4)  WatertiglU  concrete  construaum" 

The  conclusions  reached  in  the  report  are  as  follows: — 

"  (i)  Watertight  concrete  may  be  obtained  by  proper  design,  reinforcing  the  concrete  against 
cracks  due  to  expansion  and  contraction,  using  the  proper  proportions  of  cement  and  graded  aggre- 
gates to  secure  the  filling  of  the  voids  and  employing  proper  workmanship^  and  close  supervision. 

"  (2)  Membrane  waterproofing,  of  either  asphalt  or  pure  coal  tar  pitch  in  connection  with  felts 
and  burlaps,  with  proper  number  of  layers,  good  materials  and  workmanship  and  good  working 
conditions,  fj  recommended  as  good  practice  for  waterproofing  masonry,  concrete  and  bridge  floors. 

'*  ^3)  Permanent  drainage  of  bridge  floors  is  essential  to  secure  good  results  in  waterproofing. 

"(4)  Integral  methods  of  waterproofing  concrete  have  given  good  results.  Special  care  is 
required  to  properly  proportion  the  concrete,  mix  thoroughly  and  deposit  properlv  so  as  to  ha\'e 
the  void-filling  compounds  do  the  required  duty;  if  this  is  neglected  the  value  of  the  compound  is 
lost  and  its  waterproofing  effect  is  destroyed.  Careful  tests  should  be  made  to  ascertain  the 
proper  proportions  and  effectiveness  of  such  compounds.  Integral  compcmnds  should  be  used 
witn  caution,  ascertaining  their  chemical  action  on  the  concrete  as  well  as  their  effect  on  its 
strength;  as  a  general  rule,  integral  compounds  are  not  to  be  recommended,  since  the  same  results 
as  to  watertightness  can  be  obuined  by  adding  a  small  percentage  of  cement  and  properly  grading 
the  aggregate. 
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"  (5)  Surface  coatings,  such  as  cement  mortar,  asphalt  or  bituminous  mastic,  if  properly 
applied  to  masonry  reinforced  against  cracks  produced  by  settlement,  expansion  and  contraction, 
may  be  successfully  used  for  waterproofing  arches,  abutments,  retaining  walls,  reservoirs  and 
similar  structures;  }or  importatU  work  under  high  pressure  of  water  these  cannot  he  recommended 
for  all  conditions. 
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Fig.  25.    Reinforced  Concrete  Floor  for  Through  Plate  Gulder  Bridge. 

C.  B.  &  Q.  R.  R. 

"  (6)  Surface  brush  coatings,  such  as  oil  paints  and  varnishes,  are  not  considered  reliable  or 
lasting  for  waterproofing  of  masonry,** 

The  membrane  method  of  waterproofing  bridge  floors  will  be  shown  by  describing  the  standard 
methods  of  waterproofing  in  use  by  two  railroads. 

CHICAGO,  MILWAUKEE  &  ST.  PAUL  RY.  SPECIFICATIONS  FOR  WATERPROOFING. 
The  specifications  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  for  waterproofing  are  as  follows: 

The  necessary  provision  for  drainage  and  expansion  must  be  made  in  designing  the  structure. 
The  waterproofing  should  never  be  compellecf  to  resist  hydrostatic  pressure,  and  the  membrane 
should  always  be  protected  by  a  layer  of  concrete. 

(i)  Preliminary. — Fill  all  openings  and  pockets  in  the  concrete  except  expansion  joints 
with  cement  mortar,  and  round  off  all  sharp  comers.  Wherever  waterproofing  stops  on  a  vertical 
surface  the  end  should  be  flashed  into  a  groove  in  the  concrete. 

(2)  Preparing  tiie  Surface. — ^Thoroughly  clean  and  dry  the  concrete  surface  using  wire 
brushes  and  being  careful  to  remove  all  the  laitance.  If  necessary  use  hot  sand  to  dry  the  con- 
crete. Apply  a  coat  of  gasolene  to  the  clean  dry  surface  and  follow  with  a  coat  of  cold  primer, 
spreading  the  primer  evenly  with  a  brush.  Omit  the  primer  where  tar  paper  is  to  be  placed  and 
over  expansion  joints. 

(3)  Laying  tiie  Burlap. — After  the  primer  coat  has  completely  dried,  apply  a  coat  of  pure 
hot  asphalt,  and  mop  until  the  layer  has  a  thickness  of  }  in.  While  the  asphalt  is  still  hot  begin 
laying  the  burlap.  Lay  the  first  strip  of  burlap  transverse  to  the  drainage  at  the  lowest  point. 
Lay  the  strips  shingle  fashion,  as  for  tar  and  gravel  roofs,  and  parallel  to  the  first  strip  working 
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up  to  the  summit  and  exposing  one-third  of  each  width  of  burlap  to  the  weather.  Press  each 
strip  firmly  into  the  asphalt,  then  mop  well  with  pure  melted  asphalt  taking  care  to  thoroughly 
saturate  the  burlap  and  to  fill  all  cracks  and  blow  holes.  Lap  the  joints  in  the  strips  6  in.  On 
this  three-ply  layer  of  burlap  spread  a  continuous  layer  of  hot  asphalt  mopping  well  until  a  layer 
of  J  in.  is  obtained.     See  (f)  Fig.  26. 

(4)  Summit  Joints. — ^After  the  work  has  been  brought  up  to  the  desired  point  from  both 
sides,  interlap  in  order  the  strips  which  reach  across  the  joint,  mopping  asphalt  between  burlap 
surfaces.  Place  a  strip  of  burlap  along  the  joint  for  a  closing  strip;  and  complete  by  laying  the 
upper  i  in.  of  asphalt  as  before  described.     See  (g)  Fig.  26. 

(5)  Longitudinal  Joints. — If  possible  the  waterproofing  should  be  laid  in  one  run  the  full 
width  transverse  to  the  drain  slope  of  the  surface  to  be  waterproofed.  The  ends  of  the  burlap 
strips  should  be  flashed  into  recesses  in  the  walls,  curbs  or  parapets  as  shown  in  (e)  Fig.  26.  Where 
longitudinal  joints  are  necessary  cut  the  burlap  long  enough  to  extend  12  in.  beyond  the  primed 
and  asphalted  surface  of  the  concrete  and  use  care  as  the  strips  are  laid  that  the  12  in.  strip  is 
kept  free  from  asphalt.  When  the  succeeding  section  is  to  be  waterproofed  fold  back  the  projecting 
strips  of  burlap  over  the  completed  waterproofing  and  bring  the  new  up  against  the  completed 
portion  of  the  waterproofing,  interlapping  the  projecting  ends  of  the  burlap  with  the  new  burlap 
as  the  work  progresses,  (f)  Fig.  26.  On  concrete  trestle  or  subway  slabs  longitudinal  joints  in 
the  waterproofing  should  preferably  be  on  the  center  line  of  the  slabs.  If  it  is  necessary  to  place 
joints  in  the  waterproofing  over  joints  in  the  slabs  special  care  should  be  taken. 

(6)  ExiMnston  Joints. — ^Lay  two  continuous  strips  of  tar  paper  36  in.  wide  over  the  expansion 
joint,  being  careful  to  see  that  no  asphalt  gets  between  or  under  the  two  strips  of  tar  paper.  Then 
mop  the  top  strip  with  hot  asphalt  and  carr^  the  waterproofing  over  the  top  of  the  paper  the 
same  as  if  no  joint  existed.    See  (b)  and  (h)  Fig.  26. 

(7)  Concrete  Protection. — After  the  i  in.  layer  of  asphalt  on  top  of  the  burlap  has  become 
cold,  spreaA  a  f  in.  layer  of  concrete  evenly  oyer  the  surface.  Then  press  a  layer  of  expanded 
metal  into  the  concrete,  and  cover  the  metal  with  a  layer  of  concrete  i  in.  thick  making  the  total 
thickness  of  the  concrete  li  in.,  and  trowel  the  concrete  smooth.  Protect  the  concrete  from  the 
sun  for  24  hours  after  laying.  The  joints  in  the  expanded  metal  should  be  lapped  6  in.  See  (d) 
Fig.  26. 

(8)  Materials. — Burlap. — ^The  burlap  is  to  be  treated  8  oz.  open  mesh  furnished  in  "widths 
of  36  in.  to  42  in. 

Concrete, — ^The  concrete  is  to  be  i  part  Portland  cement,  2  parts  torpedo  sand,  and  3  parts 
stone  or  gravel  that  will  pass  a  \  in.  ring. 

Mortar, — ^The  mortar  is  to  be  i  part  Portland  cement  and  2  parts  washed  torpedo  sand. 

Primer. — ^The  primer  is  made  by  pouring  hot  asphalt  in  80  per  cent  gasolene  until  mixture 
will  spread  readily  with  a  brush. 

Asphalt. — Pure  asphalt  conforming  to  accepted  specifications  is  to  be  used.  Before  using 
the  asphalt  heat  it  in  a  suitable  kettle  to  a  temperature  not  exceeding  450**  F.  The  temperature 
is  to  be  taken  with  a  thermometer.  Asphalt  heated  above  450  degrees  F.  or  giving  off  yellow 
fumes  is  to  be  discarded  as  overheated. 

Expanded  Metal. — ^The  expanded  metal  is  to  be  equivalent  to  Northwestern  Expanded 
Metal  Go's.  "2}  in.  No.  16  Regular"  expanded  metal. 

Tar  Paper. — ^The  tar  paper  will  be  furnished  in  rolls  36  in.  wide. 

CHICAGO,  BURLINGTON  &  QUINCY  R.  R.  SPECIFICATIONS  FOR  WATERPROOF- 
ING.— ^The  specifications  of  the  Chicago,  Burlington  &Quincy  R.  R.  for  waterproofing  are  as  follows: 

(i)  Description. — ^The  waterproofing  shall  consist  of  a  mat  of  4- ply  of  burlap  and  i-ply  of 
felt  thoroughly  saturated  and  bonded  together  with  waterproofing  asphalt  and  covered  with  one 
inch  of  sand  and  asphalt  mastic. 

(2)  Preparing  the  Surface. — ^The  surface  of  the  concrete  shall  be  smooth,  clean  and  dry. 
Upon  this  surface  apply  a  coat  of  primer,  which  shall  be  thin  enough  to  penetrate  the  concrete 
and  form  an  anchorage  for  the  waterproofing.  No  waterproofing  shall  be  done  when  the  temperature 
is  less  than  60  degrees  P. 

(3)  Applying  tiie  Buriap. — ^After  the  priming  coat  has  dried,  a  heavy  coat  of  waterproofing 
asphalt  heated  to  a  temperature  of  ^00  degrees  F.  shall  be  applied  with  mops  the  width  of  the 
burlap,  and  while  the  asphalt  is  still  hot  a  layer  of  burlap  shall  be  bedded  in  it.  The  burlap 
shall  be  laid  just  behind  the  mopping  and  shall  be  swept  free  from  folds  and  pockets  with  a  broom. 
The  surface  of  the  burlap  shall  be  heavily  mopped  with  waterproofing  asphalt.  Three  more  ply 
of  burlap  shall  be  laid  in  the  same  manner,  making  a  4-ply  burlap  mat  all  thoroughly  saturated 
and  bonded  together. 

The  top  of  the  burlap  mat  shall  be  heavily  mopped  with  asphalt  and  one  layer  of  felt  saturated 
with  asphalt  shall  be  laid  on  the  buriap  and  the  edges  of  the  felt  lapped  at  least  3  inches  and  sealed 
with  asphalt.    The  top  of  this  felt  shall  also  be  mopped  with  waterproofing  asphalt. 

(4)  Mastic  Protection. — ^The  burlap  and  felt  mat  shall  be  covered  with  one  inch  of  asphalt 
mastic  laid  in  one  layer,  the  mastic  to  be  composed  of  one  part  waterproofing  asphalt  and  four 
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parts  fine  gravel  eraded  from  }  in.  to  fine  sand.    The  top  of  the  mastic  shall  be  leveled  off  with 
wooden  floats  and  mopped  with  waterproofing  asphalt. 

(5)  Ezpanaon  Joints.— At  all  expansion  joints  in  the  concrete  a  fold  to  allow  for  the  ex- 
pansion of  the  structure  shall  be  formed  by  laying  the  burlap  and  felt  over  a  one-inch  pipe;  the 
pipe  being  removed  as  the  mat  is  being  completed. 

(6)  Splices  and  Flashing. — Where  the  work  is  stopped  before  being  completed  at  least  3  feet 
of  burlap  at  the  end  and  one-half  the  width  of  the  burlap  at  the  side  shall  be  left  exposed  to  form  a 
splice. 

Special  care  shall  be  taken  to  seal  the  waterproofing  at  the  sides  and  ends  of  the  bridge.  The 
burlap  and  mastic  shall  be  carried  up  the  parapet  walls  at  the  sides  and  the  ends  of  the  burlap 
shall  be  concreted  into  a  recess  in  the  walls  so  that  no  water  can  enter.  The  burlap  shall  be 
carried  down  over  the  back-walls  at  the  ends  of  the  bridge  to  cover  all  construction  joints  and 
shall  run  into  a  line  of  tile  to  facilitate  the  escape  of  the  water. 

(7)  Materials. — Burlap. — ^The  burlap  is  to  be  8  oz.  open  mesh  high  grade  burlap  saturated 
with  an  asphalt  meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  rolls 
which  shall  be  placed  on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll. 

FeU. — ^The  felt  shall  be  a  good  quality  of  wool  felt  saturated  and  coated  with  an  asphalt 
meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  rolls  which  shall  be  placed 
on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll.  It  shall  not  weigh  less 
than  15  lb.  per  100  sq.  ft. 

Primer, — ^The  primer  shall  be  an  asphaltic  compound  of  approved  quality  and  capable  of 
adhering  firmly  to  the  concrete. 

Waterproofing  Asphalt. — ^The  waterproofing  asphalt  shall  meet  the  following  requirements. 

1.  The  specific  gravity  of  the  asphalt  desired  shall  be  greater  than  0.05  at  77  degrees  F. 

2.  The  flowing  point  shall  not  be  less  than  100  degrees  F.  nor  more  than  140  degrees  F. 

3.  The  flash  point  shall  not  be  lower  than  450  degrees  F. 


Broken 
Stone 


^ift«W  off     I 
.     Morfary     iCorntn  oF  5ht\ 

(t^SecTMi  OF  Expansion  Joint  at 
Offset  in  watfrppoohng  Surface 


CMcnfe\  EjcModedMMy  Slayers  oEBurbp. 

^'^^^         

'Drain  Tih  _|_  <^--^ff^^ 

\\Ca9t  of  Primer  Asp/a/f-" 

M  TTfANSVFPSe  SeCTIOH  OF  MeVTJfFlfOOFIMS 


AovttMOf 


(c)  SfCT/ON  OF  FfXFD  JOOiTAT  OFFSET 

JN  MUTFJfPHooF/Ng  Surface 

Svrfxe  of  Wahrproofuif  to 
\  A.  coaform  to  ivrfxe  tFSne-.^     \ 

f^  II    i 


C^EMlAMa  SFCTm  AT  BmU  AWTfUNT 
f  Metal 


(0)  TtiANSVERSE  SECTION  Of  SLAB- 


'^^erhp         j  1^      i^ 


?  Layers  er^irJPo^er^ J 

tf)lOimVUNAL  SECTION  OF  mTfmOOFm  (fi  DETAIL  OF  SUNtiFT  (h)  SECTION  Of  EXPANSION  JomV 

Fig.  26.    Standard  Method  of  Waterproofing  Bridge  Floors.    C.  M.  &  St.  P.  Ry. 


4.  The  penetration  at  80  degrees  F.  for  a  period  of  30  seconds  shall  be  at  least  15  millimeters 
and  must  not  exceed  20  millimeters.  This  penetration  to  be  measured  with  a  Vicat  needle  weighing 
300  grams,  one  end  being  one  millimeter  in  diameter  for  a  distance  of  6  centimeters. 

5.  When  heated  to  a  temperature  of  325  decrees  F.  for  7  hours  the  loss  in  weight  shall  not 
exceed  2  per  cent  and  the  penetration  of  the  residue  at  80  degrees  F.  and  for  the  period  of  30 
seconds  using  the  same  instrument  as  described  above  shall  not  be  reduced  more  than  50  per  cent. 

6.  The  total  soluble  in  carbon  bisulphide  shall  not  be  less  than  99  per  cent. 

7.  The  total  soluble  in  88  degree  naptha  shall  not  be  less  than  70  per  cent. 

8.  The  total  inorganic  matter  or  ash  shall  not  exceed  one  per  cent. 

9.  Cold  Test. 

a.  A  cube  of  the  asphalt  one  inch  on  edge  shall  be  soft  and  malleable  at  a  tempeiature  of 
zero  degrees  F. 
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b.  A  film  of  the  asphalt  having  a  thickness  not  less  than  -fg  inch  shall  be  so  pliable  at  zero 
degrees  F.  that  it  can  be  bent  in  a  radius  of  2  inches.  The  total  time  consumed  in  the  bending 
of  this  film  shall  not  exceed  3  seconds. 

10.  The  asphalt  shall  not  be  affected  by  any  of  the  following  solutions,  after  being  immersed 
in  them  for  a  period  of  3  days: — (a)  a  25  per  cent  solution  of  sulphuric  acid;  (b)  a  25  per  cent 
solution  of  hydrochloric  acid;  (c)  a  20  per  cent  solution  of  ammonia. 

FLOORBEAM  CONNECTIONS.— The  details  of  floorbeam  connections  depend  upon  the 
clearance,  depth  of  truss,  length  of  panels  and  type  of  floor.  A  standard  type  of  floorbeam  con- 
nection for  a  pin-connected  truss  of  150  ft.  span  is  shown  in  Fig.  28,  and  details  of  the  lower  lateral 
connection  are  shown  in  Fig.  27.     Details  of  a  floorbeam  connection  for  a  pin-connected  truss  with 
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iNTEkMEOIATE  FLOOR  BEAM 
Fig.  29.    Intermediate  Floorbeam  Connection.    A.  T.  &  S.  F.  Ry. 

four  stringers  is  shown  in  Fig.  29.  Details  of  a  floorbeam  for  a  riveted  truss  bridge  are  shown  in 
Fig.  40.  Details  of  an  end  floorbeam  are  shown  in  Fig.  40.  Details  of  the  standard  end  floorbeam 
of  the  A.  T.  &  S.  F.  Ry.  are  shown  in  Fig.  30.  The  end  floori)eam  in  Fig.  30  is  supported  directly 
on  the  end  pin,  and  gives  a  very  satisfactory  solution  of  a  difficult  problem  and  requires  the  driving 
of  a  minimum  number  of  field  rivets. 

PEDESTALS  AND  SHOES. — E>etails  of  standard  cast  steel  pedestals  and  shoes  as  designed 
by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  are  shown  in  Fig.  31,  Fig.  33,  and  Fig.  34.  Details 
of  segmental  rollers  are  shown  in  Fig.  32,  and  Fig.  35.  Details  of  expansion  bearings  for  plate 
girders  are  shown  in  Fig.  36,  and  Fig.  37.  Details  of  a  built-up  end  shoe  with  circular  rollers 
are  shown  in  Fig.  40.     Details  of  a  built-up  end  shoe  and  segmental  rollers  are  shown  in  Fig.  41. 

EXAMPLES  OP  PLATE  GIRDERS.— E>etails  of  an  85-ft.  span  single  track  deck  railway 
plate  girder  bridge  as  designed  for  the  Kansas  City.  Mexico  &  Orient  R.  R,,  by  Mr.  Ira  G. 
Hedrick,  Consulting  Engineer,  are  shown  in  Fig.  36.    The  upper  flanges  are  made  of  four  angles 
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without  cover  plates,  so  that  the  ties  may  be  of  uniform  thickness  and  there  will  be  no  rivet  heads 
to  interfere  with  placing  the  ties.  The  lower  flanges  are  made  of  angles  with  cover  plates.  These 
plans  represent  the  most  modem  practice  in  the  design  of  deck  plate  girder  railway  bridges. 
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Fig.  30.    End  Fux>rbeaii  Connection.    A.  T.  &  S.  F.  Ry. 

Detailg  of  a  60-ft.  span  single  track  through  railway  plate  girder  bridge  as  designed  for  the 
Harriman  Lines  are  shown  in  Fig.  37.  The  details  of  the  bearings  are  shown.  Rollers  are  used 
for  the  expanaon  ends  of  spans  of  75  ft.  and  over.  Data  on  standard  plate  girder  bridges  designed 
under  Common  Standard  Specifications  1006  are  given  in  Table  I. 

EXAiCPLES  OF  TRUSS  BRIDGES. — ^The  marking  diagram  for  a  truss  railway  bridge  is 
shown  in  Fig.  38.  The  lower  chord  joints  are  marked  Lt,  Li,  Lt,  etc.,  while  the  upper  chord 
joints  are  marked  Ui,  Ut,  etc.  In  detailing  a  truss  an  inside  view  of  the  left  end  of  the  farther 
truss  is  shown;  this  is  marked  right  as  shown.    Details  of  a  single  track  through  riveted  truss 


186 


STEEL  RAILWAY  BRIDGES. 


Chap.  IV. 


\ 

-^'-•'|-{r):ra-{„J 

Fmhh-''\         ^^ 

tla terra/- Cad  Iron. 

Typ/mL  /7X£D  £nd  Pedestal 

rO£  TRU33E5  /00TO/50FT.5PffN 


tt  x-i; 


iiii  TW^ 


^■-IfT^iHH"*^ 


V^lk'horedHok^A 


H 


tldter/d/'Castlrof). 

TrpjcfiL  nx5D  fm  Pedestal 
toe  TgU33E3/50To200n:5PfiN. 


Fig.  31.    Pedestals.    Chicago,  Milwaukee  &  St.  Paul  Ry. 
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Fig.  32.    Rollers.    Chicago,  Milwaukee  &  St.  Paul  Ry. 
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bridge  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G.  Hedrick,  Consulting 
Engineer,  are  shown  in  Fig.  39  and  Fig.  40.  The  end-posts  and  top  chords  are  made  of  two  15 
inch  channels  with  a  cover  plate,  and  the  lower  chords,  the  posts  and  the  main  ties  are  made  of 
two  channels  with  the  flanges  turned  in.    The  total  weight  of  the  steel  in  the  span  was  303,000  lb. 
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Fig.  35.    Details  of  Segmental  Rollers  for  Girders. 
Chicago,  Milwaukee  &  St.  Paul  Ry. 


Details  of  a  double  track  through  riveted  truss  bridge  designed  for  the  Chicago  &  North- 
western Ry.  are  given  in  Fig.  41.  The  bridge  has  a  span  of  170  ft.,  the  trusses  arc  spaced  29  ft. 
I  in.  centers,  and  the  bridge  has  a  vertical  clearance  of  22  ft.  6  in.  This  bridge  has  trusses  with 
triple  intersection  webs,  and  has  a  ballasted  track  carried  on  a  steel  plate  trough  floor.  This 
bridge  was  designed  for  a  dead  load  of  4,570  lb.  per  lineal  foot  for  each  truss  and  an  £  50  live  load. 
There  b  a  top  lateral  system  of  multiple  X-bracing  made  with  pairs  of  angles  latticed,  and  sway 
bracing  of  transverse  top  chord  struts  and  portals. 

Detail  shop  drawings  of  the  end-post  of  a  pin-connected  truss  bridge  are  ^ven  in  Fig.  42,  and 
the  detail  shop  drawings  of  the  end  section  of  the  top  chord  of  the  same  bridge  are  given  in  Fig.  43. 
The  standard  methods  of  detailing  compression  members  are  shown. 

Details  of  a  single  track  pin-connected  truss  bridge  designed  by  Mr.  Ralph  Modjesld  for  the 
Northern  Pacific  R.  R.  are  given  in  Fig.  44,  Fig.  45  and  Fig.  46. 

SPECIFICATIONS  FOR  RAILWAT  BRIDGES.—T0  detennine  the  present  practice  in 
the  design  of  railway  bridges  the  author  has  made  a  study  of  the  latest  available  specifications. 
As  a  basis  for  comparison  the  sixteen  specifications  given  in  Table  XI,  were  selected  as  being 
representative  of  the  best  practice.  Several  other  prominent  railroads  have  adopted  the  speci- 
fications of  the  American  Railway  Engineering  Association,  so  that  the  nxtecn  specifications  cover 
the  major  part  of  the  railroad  mileage  in  North  America.  The  standard  specifications  of  the 
Chicago,  Milwaukee  and  St.  Paul  Ry.,  the  New  York,  New  Haven  and  Hartford  R.  R.,  and 
the  Canadian  Society  of  Civil  Engineers,  all  adopted  in  1912,  are  based  on  the  standard  speci- 
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fications  of  tlie  American  Railway  Engineering  Aasodation;  the  lyecifications  in  each  case  differing 
from  the  specifications  of  the  American  Railway  Engineering  Association  only  in  requirements 
for  clearances,  and  in  minor  clauses,  and  clauses  required  to  cover  individual  practice,  and  local 
conditions  of  the  individual  roads. 

TABLE  XI. 
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Fig.  47.    Clbakance  Diagram. 


The  present  practice  is  to  use  the  specifications  of  the  American  Railway  Engineering  Associ- 
ation as  a  basis  for  specifications  and  to  add  such  additional  clauses  as  may  be  necessary  to  cover 
the  practice  of  the  individual  railroad.  Several  railroads  have  adopted  the  specifications  of  the 
American  Railway  Engineering  Association  and  issue  supplementary  instructions  to  cover  their 
individual  practice;  see  standards  of  Chicago,  Milwaukee  &  St.  Paul  Ry.  which  follow  the 
A.  R.  E.  A.  specifications  in  this  chapter.    The  specifications  of  the  American  Railway  Engineering 
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Aasodation  are  reprinted  in  the  last  part  of  this  chapter.  To  show  the  present  practice  in  the 
design  of  railway  bridges  as  given  in  the  sixteen  different  specifications  the  most  important  vari- 
ations from  the  American  Railway  Engineering  Association  Specifications  will  be  briefly  discussed. 
The  sections  in  the  specifications  of  the  American  Railway  Engineering  Association  will  be  referred 
to  by  number. 

§2.  Cleanmces. — ^The  clearances  for  through  single  track  bridges  on  tangent  are  given  in 
Table  XI.  The  clearances  on  curves  differ  considerably.  Standard  formulas  for  calculating 
bridge  clearances  on  curves  are  as  follows: 

Nomenclature,  Fig.  47: — 
=s  degree  of  curve 

=  radius  of  curve,  in  feet  ** 

s  clearance  width  on  tangent 

—  mid-ordinate  to  chord  of  length  A  i 

—  mid-ordinate  to  chord  of  length  B  ^ 
s  mid-ordinate  to  chord  of  length  L 

amount  of  superelevation  in  feet  which  is        s 

taken  up  in  floor  of  span 
»  height  of  car  or  distance  from  top  of  upper 

flange  or  chord,  whichever  is  least 
»  additional  clearance  required  on  account 

of  superelevation 
s  outside  clearance  from  center  line  of  bridge 
s  inside  clearance  from  center  line  of  bridge 


D 
R 
w 

a 
b 
c 

e 


G 
H 


Formulas: — 

^  .oooo2i8i7i4*-i? 
=  .000021^17  B^-D 
=  .oooo2i8i7L*-Z> 

=  -  X  A  «  o.2e'h  (c.  to  c.  rails 

-  5  ft.  nearly) 

2  2 


2  2 


+  s 


For  Standard  Car 
A  =  8o'-o"  B  -  6o'-o" 

a  ==  0.1396Z) 
h  =  .07854/? 

G  =  — h  (.06109  +  .00001 0909  £*)Z> 

IT  -=  -  -f  (.07854  -f  .ooooi0909L')i? 

4-o.2«-i 
The  following  specifications  indicate  the  present  practice  of  several  railroads. 
New  York  Central  Lines, — Single-track  through  bridges  on  curves  shall  have  the  location  of 
the  trusses  or  girders  and  the  width  between  clearance  lines  as  shown  in  Figs.  48  and  49. 


ClfARANCB  UhB-^ 


ClIA/tAMCi 


LtHE  '< 


Fig.  48. 


ClEAPANCE  LlNt- 

Fig.  49. 


W  *B  lateral  clearance  from  center  line  of  track  required  by  clearance  di£^:ram  for  tangent  aline- 

ment. 
M  «s  middle  ordinate  of  curve  for  a  chord  equal  to  span  length. 
X  ^  addition  for  overhang  of  a  car  85  ft.  long,  with  trucks  ^  ft.  c.  to  c;  to  be  taken  as  one  inch 

for  each  degree  of  curve. 
Y  *B  addition  in  inches  (on  the  inside  of  the  curve  only)  on  account  of  the  superelevation  of  the 
outer  rail,  to  be  taken  as  follows: 
For  heights  from  15  ft.  to  22  ft.  above  the  top  of  rail;  K  —  3  inches  per  inch  of  superelevation. 
For  heights  from  3  ft.  9  in.  to  15  ft.  above  top  of  rail;  Y  =  S'h/s  (to  use  with  IT  «  7  ft. 

6  in.). 
For  heights  from  top  of  rail  to  3  ft.  9  in.  above;  Y  ^  s(h  -^  i.5)/4- 
s  «  superelevation  in  inches. 
k  s  height  above  top  of  rail  in  feet. 
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Cooper*s  Specifications, — ^The  additional  clearance  for  curves  is  to  be  as  follows:  o.85Z> 
=  inches  on  each  side;  1.70I?  =  inches  between  track;  where  D  =  degree  of  curve. 

N.  F.,  N,  H.  fir  H.  R,  R. — ^The  additional  clearances  on  curves  wiU  be  as  follows:  1.00  X  D 
=5  inches  on  each  side;  i.ysD  —  inches  between  tracks,  where  D  —  degree  of  curve. 

Types  of  Bridges. — ^The  present  practice  is  to  use  plate  girders  for  spans  up  to  no  or  120  ft., 
riveted  trusses  for  spans  of  from  100  to  200  or  250  ft.,  andf  pin-connected  trusses  for  spans  of 
about  200  ft.  and  upwards.  Riveted  truss  bridges  of  300  and  400  ft.  span  are  not  uncommon. 
The  types  of  bridges  and  minimum  lengths  of  span  as  given  in  twelve  spedficarions  are  given  in 
Table  XII. 

table  xii. 
Types  of  Bridses  ani>  Len6TH5  of  Span • 


SpeciFi'eation 

Rolled 

Beams 

Ft. 

Plate 

6irders 

Ft. 

Riveted 

Trusses 

Ft. 

HiCemcted 

Trusses 

Ft- 

ZATSSFRy-Sysfem,    I90Z 

Z6to54 

Z£t»m 

mtoiso 

ISOmfvp 

3-  Bslfimore  &  Ohio,        1904 

30 

iOtollO 

lOOtoISO 

ISOandup 

6-  ChhRock  Island JfficM./906 

19 

19  to  110 

lOOtoZOO 

ZOOandup 

7-  Commit  Standard,        1909 

19 

I9fol00 

lOOtolSO 

ISOandi/p 

8- Cooper,                     1906 

ZO 

ZOtoIZO 

IZOtolBO 

IBOandop 

9- Illinois  Central,     '      1911 

Zl 

ZItolOO 

WOtolSO 

ISOandop 

IO-Kaos3sCffiiMexicoS(kieid,m 

ZO 

ZOtolOO 

lOOfoZSO 

Z50anditp 

II- Lehigh  Valley,             1911 

zs 

ZStolW 

IIOfolBO 

ISOandifp 

IZ- New  rork  Central.      1910 

zs 

ZStollO 

llOtolSO 

I80andop 

14-f^mta-Unes  IVe5ftFmir^,m 

tolOO 

lOOtoZSO 

ZSOandwp 

IS-National Lines  oF  Hexico.1907 

50 

Z5to80 

80tol50 

ISOandup 

l7AfrtmnftF£ah9sat{mA,m 

IS 

18  to  too 

lOOtoZOO 

Z00to600 

§3.  spacing  of  Trasses. — ^The  present  practice  is  not  to  put  requirements  for  spacing  of 
trusses,  lengths  of  span,  types  of  bridge,  etc.,  in  the  specifications  but  to  prepare  office  standards 
for  the  use  of  engineers  and  draftsmen.  Data  on  spacing  stringers,  girders  and  trusses  are  given 
in  Table  XIII.  The  spacings  for  Illinois  Central  R.  R.  deck  giraers  are  given  in  Figs,  ii,  12  and 
13,  and  of  Common  Standard  Bridges  in  Table  I. 

The  Chicago,  Milwaukee  and  St.  Paul  Ry.  spaces  girders  7  ft.  6  in.  west  of  the  Missouri 
River,  and  8  ft.  east  of  the  Missouri  River.  The  Northern  Pacific  R.  R.  spaces  stringers  8  ft. 
for  spans  of  150  to  200  ft.;  and  deck  girders  8  ft.  for  80  ft.  spans. 

95.  'Hes. — ^The  present  practice  is  to  calculate  the  size  of  stringers  for  the  specified  fiber 
stress.  Fifteen  speafications  require  that  the  wheel  load  be  considered  as  carried  by  three  ties, 
and  one  specification  by  four  ties. '  Data  on  ties  are  given  in  Table  XIV. 

The  Illinois  Central  R.  R.  uses  ties  on  deck  girders  as  follows: 


Deck  Spans. 

Distance  Centen. 

Tka. 

60  ft.  and  under 
60  ft.  to    80  ft. 
80  ft.  to  100  ft. 
100  ft  to  1 10  ft. 

7ft. 
8  ft. 

9?  ft. 

8  in.  X    8  in.  X  10  ft. 

8  in.  X  10  in.  X  12  ft. 
10  in.  X  10  in.  X  12  ft. 
10  in.  X  12  in.  X  12  ft. 

§6.  Dead  Loads. — Data  on  dead  loads  are  given  in  Table  XV. 


COMPARISON  OF  RAILWAY  BRIDGE  SPECIFICATIONS. 
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table  xiii. 
Spacng  of  Oirders  and  Trusses 


Specification 

Girders 

Trusses               \ 

Stringers 

Deck  Girders 

Deck 

Through 

I-Americ30 Ify EngAssoc;    J9I0 

Span/70 

Span/70 

Spm/ZO 

i-B^imore  &  Oitio          JM 

6^' 

not  less  than  f-'f 

not  less  than  lO'O' 

Sp3i/70 

6-aiic3ft,ll0ckkMSfl>cllJ^,m 

Po' 

ifpfo  eOFt;  7-'0' 
eOFffo80ft.,8'0' 

Span/ZO 

7- Common  Siandard,       1909 

7-'0' 

up  to  60 Ft;?^ 

60 Ft  to  80 Ft;  8^0' 
80Fttol00Ft;PJ!0' 

lOOFftollOFIylOil 
IIOFtfolSOFtJT'll 
l30Ff-tolS0Ffyl4^ 

8-  Cooper,                    1906 

6^' 

not  less  than  6^6' 

9- Illinois  Central         1911 

4striligers 
!,iaeedZ-'6' 

up  to  60 Ft;  7-0" 
60'Ftto80Ff;  8-'0' 
80FttvlOOFt;  910' 
lOOFttollOFt;  9^6' 

IOOFttollOFt;IO^ 
IIOFttol30FtilPO' 
l50FttolSOFt:l4-'O' 

lO-KaBsC^MexiaSOrienl;  1907 

J-'O' 

up  to  80  FF,  7-0' 
over80Ff;8-'0' 

• 

5pan/70 

IILthish  Valley,          1911 

6-r 

t/pfo7SFf-;B'£' 
7SffiBl00ft;7^ 
IOOFttil75Fl^.7rii8^ 

11  Nei^  York  Central,      1910 

f-r 

opfo7SFf;6^6' 
oyer  75  Ft;  7-e' 

5pan/l5 

U-lkm»lMsllisttFim0^m 

nfr  4sfniJ^f5 
oukrparPO' 
inner pxrlru 

6r 

l7l9)riBattfM>ay5ifCaiaJ3j90i 

8Y 

Single  Track,  S-'O' 
Double  Track.  6^6" 

10^0' or  is  Span- 

Span/lO 

§7.  live  Loftds. — ^Data  for  live  loads  are  given  in  Table  XVI.  The  type  of  engine  is  given 
in  the  second  column  and  the  weight  in  thousands  of  pounds  of  a  ^gle  engine  without  tender  • 
is  given  in  the  third  column;  the  special  loadings  and  the  spacing  of  the  loads  are  given  in  the 
fourth  and  fifth  columns;  the  impiact  formulas  are  given  in  the  sixth  column;  the  allowable  tensile 
stresses  are  given  in  the  seventh  column,  and  the  equivalent  loading  is  given  in  the  last  column. 
The  equivalent  loading  is  found  by  multiplying  the  loading  in  the  second  column  by  16,000  and 
dividing  by  the  allowable  tensile  strength.  The  present  standard  loading  on  trunk  lines  is  Cooper's 
£  60  loading. 

The  C.  M.  &  St.  P.  Ry.  uses  E  60  followed  by  a  train  load  of  7,000  lb.  per  lineal  foot  of  track 
on  ore  roads;  while  the  Diduth  &  Iron  Rai^e  R.  R.  uses  £  60  followed  by  a  train  load  of  8,000  lb. 
per  lineal  foot  of  track. 

In  a  paper  entitled  "Rolling  Loads  on  Bridges*'  published  in  Bulletin  No.  161,  Am.  Ry. 
Eng.  Assoc.,  November  1913,  Mr.  J.  E.  Greiner,  Consulting  Engineer,  has  tabulated  the  live 
loads  of  39  railroads,  including  all  but  one  of  the  roads  in  Table  XVI.  Of  the  39  roads  thirteen 
are  building  bridges  equal  to  E  60;  four  equal  to  E  57;  seven  equal  to  E  55;  one  equal  to  E  53; 
ten  equal  to  £  50;  two  equal  to  E  47;  one  equal  to  £  45,  and  one  equal  to  E  65. 

Of  the  39  roads  considered  26  roads  use  the  impact  formula  of  the  Am.  Ry  '^~  *  -^.; 
and  24  roads  use  a  tensile  stress  of  16,000  lb.  per  sq.  in.    The  highest  tensile  strr 


GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES.* 

American  Railway  Engineering  Association. 
Fourth  Edition. 

STANDARD  SPECIFICATIONS. 

PART  FIRST— DESIGN. 


I.    GENERAL. 

1.  Iftaterials.— The  material  in  the  superstructure  shall  be  structural  steel,  except  rivets, 
and  as  may  be  otherwise  specified. 

2.  Clearances. — ^When  alinement  is  on  tangent,  clearances  shall  not  be  less  than  shown  on 
the  diagram ;  the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in.  The  width  shall  be  increased 
so  as  to  provide  the  same  minimum  clearances  on  curves  for  a  car  80  ft.  long,  14  ft.  high,  and  60  ft. 
center  to  center  of  trucks,  allowance  being  made  for  curvature  and  superelevation  of  rails. 

3.  Spacing  Trusses. — ^The  width  center  to  center  of  girders  and  trusses 

shall  in  no  case  be  less  than  one-twentieth  of  the  effective  span,  nor  less  than  j^ 

is  necessary  to  prevent  overturning  under  the  assumed  lateral  loading.  iSifS 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of     %  ^ S. i ^ 

skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted     -^j    /      \       \ 
floor  is  us^. 

5.  Floors. — ^Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall 
be  proportioned  to  carry  the  maximum  wheel  load,  with  100  per  cent  impact, 
distributed  over  three  ties,  with  fiber  stress  not  to  exceed  2,000  lb.  per  sq.  in. 
Ties  shall  not  be  less  than  10  ft.  in  length.  They  shall  be  spaced  with  not 
more  than  6-in.  openings;  and  shall  be  secured  against  bunching. 

II.    LOADS.  ^  ^ 

6.  Dead  Load, — ^Thc  dead  load  shall  consist  of  the  estimated  weight  of  '^i..  jj I ± 

the  entire  suspended  structure.    Timber  shall  be  assumed  to  weigh  4}  lb.  per  j    o^^if 

ft.  B.  M.;  ballast  100  lb.  per  cu.  ft.,  reinforced  concrete  150  lb.  per  cu.  ft.,  ^  or^u 

and  rails  and  fastenings,  150  lb.  per  linear  ft.  of  track. 

t7.  LiTe  Load. — ^The  live  load,  for  each  track,  shall  consist  of  two  typical  engines  followed 
by  a  uniform  load,  according  to  Cooper's  series,  or  a  system  of  loading  giving  pracriouly  equivalent 
strains.  The  minimum  loading  to  be  Cooper's  E-40,  and  the  special  loading,  the  diagram  as 
shown  in  the  following  diagrams,  that  which  gives  the  larger  strains  to  be  used. 

fs.  Heavier  Loading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  the 
same  spacing. 

9.  Impact* — ^The  dynamic  increment  of  the  live  load  shall  be  added  to  the  maximum  computed 

"lOO 

live  load  strains  and  shall  be  determined  by  the  formula  7=5  -=r-^ , 

L  +  300 

where  /  «  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 

S  a  computed  maximum  live-load  strain. 

L  «  loaded  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.    For 

bridges  carrying  more  than  one  track,  the  aggregate  length  of  all  tracks  producing 

the  strain  shall  be  used. 

Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  or 

wind  forces. 

ID.  Lateral  Forces. — ^All  spans  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  of 

200  lb.  per  linear  foot  plus  10  per  cent  of  the  specified  train  load  on  one  track,  and  200  lb.  per 

linear  foot  on  the  unloaded  chord;  these  forces  being  considered  as  moving. 

*  Adopted  by  the  American  Railway  Engineering  Association, 
t  See  Addendum,  clause  (a). 
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11.  Wind  Force. — ^Viaduct  towers  shall  be  designed  for  a  force  of  50  lb.  per  sq.  ft.  on  one 
and  one-half  times  the  vertical  projection  of  the  structure  unloaded;  or  30  lb.  per  sq.  ft.  on  the 
same  surface  plus  400  lb.  per  linear  ft.  of  structure  applied  7  ft.  above  the  rail  tor  assumed  wind  - 
force  on  train  when  the  structure  is  either  fully  loaded  or  loaded  on  either  track  with  empty  cars 
assumed  to  weigh  1,200  lb.  per  linear  ft.,  whichever  gives  the  larger  strain. 

I     mi      till     I     llll      nil         Tr.nU.,  II 

^    noon      n  r.    r^  n  ^r.     QOQQ      n  n    n  n    WWMM///^  \J\J 

Sbeda/lMSig 

12.  Longitadiiial  Force. — ^Viaduct  towers  and  similar  structures  shall  be  designed  for  a 
longitudinal  force  of  20  per  cent  of  the  live  load  applied  at  the  top  of  the  rail. 

13.  Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load 
applied  at  the  top  of  the  high  rail.  The  centrifugal  force  shall  be  considered  as  live  load  and  be 
derived  from  the  speed  in  miles  per  hour  given  by  the  expression  60  —  2\D,  where  "P"  =  degree 
of  curve. 

III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

14.  Unit  Stresses. — ^All  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  maxi- 
mum stresses  produced  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
per  sq.  in.,  except  as  modified  in  paragraphs  22  to  25: 

15.  Tension. — ^Axial  tension  on  net  section 16,000 

16.  Compression. — ^Axial  compression  on  gross  section  of  columns 16,000  —  70  — 

with  a  maximum  of 14,000 

where  "/"  is  the  length  of  the  member  in  inches,  and  "r"  is  the  least  radius  of 

gyration  in  inches. 
Direct  compression  on  steel  castings 16,000 

17.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections, 

girders  and  steel  castings;  net  section 16,000 

on  extreme  fibers  of  pins 24,000 

18.  Shearing. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

19.  Bearing. — Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

expansion  rollers;  per  linear  inch (tood 

where  "J"  is  the  diameter  of  the  roller  in  inches. 

on  masonry 600 

20.  Tiiinjting  Length  of  Members. — ^The  lengths  of  main  compression  members  shall  not 
exceed  100  times  their  least  radius  of  gyration,  and  those  for  wind  and  sway  bracing  120  times 
their  least  radius  of  gyration. 

21.  The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  ]X)sitions  shall  not 
exceed  200  times  their  radius  of  gyration  about  the  horizontal  axis.  The  horizontal  projection 
of  the  unsupported  portion  of  the  member  is  to  be  considered  as 'the  effective  length. 

22.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stiflF  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.  The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 
stresses. 

23.  Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only  two-thirds  of  the 
dead  load  stresses  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

24.  Combined  Stresses. — Members  subject  to  both  axial  and  bending  stresses  shall  be  pro- 
portioned so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

25.  For  stresses  produced  by  longitudinal  and  lateral  or  wind  forces  combined  with  those 
from  live  and  dead  loads  and  centrifugal  force,  the  unit  stress  may  be  increased  25  per  cent  over 
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those  given  above;  but  the  section  shall  not  be  less  than  required  for  live  and  dead  loads  and 
centrifugal  force. 

26.  Net  Secdon  at  Rivets. — In  proportioning  tension  members  the  diameter  of  the  rivet  holes 
shall  be  taken  |-in.  larger  than  the  nominal  diameter  of  the  rivet. 

27.  Rivets. — In  proportioning  rivets  the  nominal  diameter  of  the  rivet  shall  be  used. 

28.  Net  Section  at  Fins. — Pm-connected  riveted  tension  members  shall  have  a  net  section 
through  the  pin-hole  at  least  25  per  cent  in  excess  of  the  net  section  of  the  bodv  of  the  member, 
and  the  net  section  back  of  the  pin-hole,  parallel  with  the  axis  of  the  member,  shall  be  not  less  than 
the  net  section  of  the  body  of  the  member. 

29.  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of  inertia  of 
their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of  gravity; 
in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properlv  spliced,  may  be  used  as  flange 
section.  The  thickness  of  web  plates  shall  be  not  less  than  jf^  of  the  unsupported  distance 
between  flange  angles  (see  38). 

30.  Compressioii  Flange. — ^The  gross  section  of  the  compression  flanges  of  plate  girders  shall 
not  be  less  than  the  gross  section  of  the  tension  flanges;  nor  shall  the  stress  per  sq.  in.  in  the 

compression  flange  of  any  beam  or  girder  exceed  16,000  —  200  ^ ,  when  flange  consists  of  angles 

only  or  if  cover  consists  of  flat  plates,  or  16,000  —  iSQ-gf  if  cover  consists  of  a  channel  section, 

where  /  »  unsupfMrted  distance  and  b  »  width  of  flange. 

31.  Flange  Rivets. — ^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three 
ties. 

32.  Depdi  Ratios. — ^Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
ttian  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall 
be  increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios 
had  not  been  exceeded. 

IV.    DETAILS  OF  DESIGN. 

GENERAL   REQUIKBMENTS. 

33.  Open  Sections. — ^Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

34.  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes,  or  be 
filled  with  waterproof  material. 

35.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  p<nnt. 

36.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  turn- 
buckles. 

37.  Strenetli  of  Connections. — ^Thc  strength  of  connections  shall  be  suflicient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

38.  Minimnm  Thickness. — ^The  minimum  thickness  of  metal  shall  be  f-in.,  except  for 
fillers. 

39.  Pitch  of  Rivets. — ^The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  }-in.  rivets  and 
2 1  in.  for  }-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates 
and  shapes  shall  be  6  in.  for  {-in.  rivets  and  5  in.  for  1-in.  rivets.  For  angles  with  two  gage  lines 
and  rivets  staggered  the  maximum  shall  be  twice  the  above  in  each  line.    Where  two  or  more 

Elates  are  usedin  contact,  rivets  not  more  than  12  in.  apart  in  either  direction  shall  be  used  to 
old  the  plates  well  together.     In  tension  members,  composed  of  two  angles  in  contact,  a  pitch 
of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

40.  Edge  Distance. — ^The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i)  in.  for  {-in.  rivets  and  l\  in.  for  }-in.  rivets,  and  to  a  rolled  edge  i }  in.  and  1 1  in., 
respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times  the  thickness  01  the 
plate,  but  shall  not  exceed  6  in. 
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41.  Maifimim  Diameter. — The  diameter  of  the  rivets  in  any  angle  carrying  calculated  strt^ss 
shall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  f>in. 
rivets  may  be  used  in  3-in.  angles,  and  }-in.  rivets  in  2i-in.  angles. 

42.  Long  Rivets. — RiveU  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  A^in.  of  grip. 

43.  Pitch  at  Ends. — ^The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

44«  Compression  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

45.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall  have 
a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

46.  Tie-Plates. — ^The  open  sides  of  compression  members  shall  be  provided  with  lattice  and 
shall  have  tie-plates  as  near  each  end  as  practicable.  Tie-plates  shall  be  provided  at  intermediate 
points  where  the  lattice  is  interrupted.  In  main  members  the  end  tie-plates  shall  have  a  length 
not  less  than  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flanges,  and  inter- 
mediate ones  not  less  than  one-half  this  distance.  Their  thickness  shall  not  be  less  than  one- 
fiftieth  of  the  same  distance. 

47.  Lattice. — ^The  latticing  of  compression  members  shall  be  proportioned  to  resist  the 
shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 

column  formula  in  paragraph  16  by  the  term  70  -  .    The  minimum  width  of  lattice  bars  shall  be 

2 1  in.  for  {-in.  rivets,  2}  in.  for  }-in.  rivets,  and  2  in.  if  |-in.  rivets  arc  used.  The  thickness  shall 
not  be  less  than  one-fortieth  of  the  distance  between  end  rivets  for  single  lattice,  and  one-sixtieth 
for  double  lattice.    Shapes  of  equivalent  strength  may  be  used. 

48.  Three-fourths-inch  rivets  shall  be  us<xl  for  latticing  flan^  less  than  2)  in.  wide,  and 
i-in.  for  flanges  £rom  2)  to  3}  in.  wide;  {-in.  rivets  shall  be  used  m  flanges  3I  in.  and  over,  and 
lattice  bars  with  at  least  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

49.  The  inclination  of  lattice  bars  with  the  axis  of  the  member  shall  be  not  less  than  ^5  degrees, 
and  when  the  distance  between  rivet  lines  in  the  flanges  is  more  than  15  in.,  if  single  rivet  bar  is 
used,  the  lattice  shall  be  double  and  riveted  at  the  intersection. 

50.  Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange  Included  between  their 
connections  shall  be  as  strong  as  the  member  as  a  whole. 

51.  Faced  Joints. — ^Abutting  joints  in  compression  members  when  faced  for  bearing  shall  be 
spliced  on  four  sides  sufficiently  to  hold  the  connecting  members  accurately  in  place.  All  other 
joints  in  riveted  work,  whether  in  tension  or  compression,  shall  be  fully  spliced. 

52.  Pin  Plates. — Pin-holes  shall  be  reinforced  by  plates  where  necessary,  and  at  least  one 
plate  shall  be  as  wide  as  the  flanges  will  allow  and  be  on  the  same  side  as  the  angles.  They  shall 
contain  sufficient  rivets  to  distribute  their  portion  of  the  pin  pressure  to  the  full  cross-section  of 
the  member. 

53.  Forked  Ends. — Forked  ends  on  compression  members  will  be  permitted  only^  where 
unavoidable;  where  used,  a  sufficient  number  of  pin  plates  shall  be  provided  to  make  the  jaws  of 
twice  the  sectional  area  of  the  member.  At  least  one  of  these  plates  shall  extend  to  the  far  edge 
of  the  farthest  tie-plate,  and  the  balance  to  the  far  edge  of  the  nearest  tic-plate,  but  not  less  than 
6  in.  beyond  the  near  edge  of  the  farthest  plate. 

54.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected 
upon  the  turned  body  of  the  pin.  They  shall  be  secured  by  chambered  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

55.  Members  packed  on  pins  shall  be  held  against  lateral  movement. 

56.  Bolts. — ^WThere  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.  A  washer  at  least  J-in.  thick  shall  be  used  under  the 
nut.  Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.  Heads  and  nuts 
shall  be  hexagonal.  * 

57.  Indirect  Splices.— Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

58.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  mcmDer. 

59.  Expansion. — Provision  for  expansion  to  the  extent  of  J-in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point. 
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60.  Expansioa  Bearings. — ^Spans  of  80  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfaces. 
These  expansion  bearings  shall  .be  designed  to  permit  motion  in  one  direction  only. 

61.  Fixed  Bearings. — ^Fixed  bearings  shall  be  firmly  anchored  to  the  masonry. 

62.  Rollers. — Expansion  rollers  shall  be  not  less  than  6  in.  in  diameter.  They  shall  be 
coupled  together  with  substantial  side  bars,  which  shaH  be  so  arranged  that  the  rollers  can  be 
readily  cleaned     Segmental  rollers  shall  be  geared  to  the  upper  and  lower  plates. 

63.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing.     Spans  of  80  ft.  or  over  shall  have  hinged  bolsters  at  each  end. 

64.  Wall  Plates. — ^Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distribute 
the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

65.  Andhorage. — ^Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift. 

66.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 

FLOOR  SYSTEMS. 

67.  Floorbeams. — Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders.  They 
shall  be  riveted  directly  to  the  girders  or  trusses  or  may  be  placed  on  top  of  deck  bridges. 

68.  Stringers. — ^Stringers  shall  preferably  be  riveted  to  the  webs  of  all  intermediate  floorbeams 
by  means  of  connection  angles  not  less  than  i-in.  in  thickness.  Shelf  angles  or  other  supports 
provided  to  support  the  stringer  during  erection  shall  not  be  considered  as  carrying  any  of  the 
reaction. 

69.  Stringer  Frames. — ^Where  end  floorbeams  cannot  be  used»  stringers  resting  on  masonry 
shall  have  cross  frames  near  their  ends.  These  frames  shall  be  riveted  to  girders  or  truss  ^oes 
where  practicable. 

BRACING. 

70.  Rigid  Bracing. — ^Lateral,  longitudinal  and  transverse  bracing  in  all  structures  shall  be 
composed  of  rigid  members. 

71.  Portals. — Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the 
end  posts  and  top  chords.    They  shall  be  as  deep  as  the  clearance  will  allow. 

72.  Transverse  Bracing. — Intermediate  transverse  frames  shall  be  used  at  each  panel  of 
through  spans  having  vertical  truss  members  where  the  clearance  will  permit. 

73.  End  Bracing. — Deck  spans  shall  have  transverse  bracing  at  each  end  proportioned  to 
carry  the  lateral  load  to  the  support. 

74.  Laterals. — ^The  minimum  sized  angle  to  be  used  in  lateral  bracing  shall  be  3)  by  3  by  f-in. 
Not  less  than  three  rivets  through  the  end  of  the  angles  shall  be  used  at  the  connection. 

75.  Lateral  bracing  shall  be  far  enough  below  the  flange  to  clear  the  ties. 

76.  Tower  Struts. — ^The  struts  at  the  foot  of  viaduct  towers  shall  be  strong  enough  to  slide 
the  movable  shoes  when  the  track  is  unloaded. 

PLATE  GIRDERS. 

77.  Camber. — If  desired,  plate  girder  spans  over  50  ft.  in  length  shall  be  built  with  camber  at 
a  rate  of  A-'"-  per  10  ft.  of  length. 

78.  Top  Flange  Cover. — ^Where  flange  plates  are  used,  one  cover  plate  of  top  flange  shall 
extend  the  whole  length  of  the  girder. 

79.  Web  Stiffeners. — ^There  shall  be  web  stifleners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  ^  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
dear  depth  of  the  web): 

d  «— (12,000 -j), 
4u 

Where  d  »  clear  distance,  between  stiffeners  of  flange  angles. 
/  —  thickness  of  web. 
s  ->  shear  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  1 6,  the  effective  length  being  assumed  as  one-half  the  depth  01  girders.  End  stiffeners 
and  those  under  concentrated  •loads  shafi  be  on  fillers  and  have  thev  outstandii^  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.    Intermediate  sBffenen  may  be 
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offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder  plus  2  in. 

80.  Stays  for  Top  Flanges.-j-Through  plate  girders  shall  have  their  top  flanges  stayed  at 
each  end  of  every  floorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  gusset  plates. 

TRUSSES. 

81.  Camber. — ^Truss  spans  shall  be  given  a  camber  by  so  proportioning  the  length  of  the 
members  that  the  stringers  will  be  straight  when  the  bridge  is  fully  loaded. 

82.  Rigid  Members. — Hip  verticals  and  similar  members,  and  the  two  end  panels  of  the 
bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid. 

83.  Eye-bars. — ^The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces- in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

84.  Ponv  Trusses. — Pony  trusses  shall  be  riveted  structures,  with  double  webbed  chords,  and 
shall  haye  all  web  members  latticed  or  otherwise  effectively  stiffened. 


PART  SECONI>-MATERIALS  AND  WORKMANSHIP. 


V.    MATERIAL. 

85.  Steel. — ^Steel  shall  be  made  by  the  open-hearth  process. 

86.  Properties. — ^The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


Elementa  Cooildered. 

Structttral  Sted. 

Rivet  Sted. 

Sted  Castings. 

Phosphorus,  max..  {^"1'"'   ' 
Sulphur,  maximum 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.04  per  cent 
0.04  per  cent 

0.05  per  cent 
0.08  per  cent 
0.05  per  cent 

Ultimate  tensile  strength. 
Pounds  per  square  inch 

Elong.,  min.  %,  in  8",  Fig.  i  { 

Elong.,  min.  %,  in  2",  Fig.  2. . 

Character  of  Fracture 

Cold  Bends  without  Fracture. 

Desired. 
60,000 
1,500,000* 

Desired. 

50,000 

1,500,000 

Not  less  than 
65,000 

15  per  cent 
f  Silky  or  fine 
\    granular 

90«  J  =  3/ 

Ult.  tensile  strength 

22 

Silky 

i8o«  flatt 

Ult.  tensile  strength 

Silky 
1800  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

87.  In  order  that  the  ultimate  strength  of  full-sized  annealed  eye-bars  may  meet  the 
requirements  of  paragraph  163,  the  ultimate  strength  in  test  specimens  may  be  determin^  by 
the  manufacturers;  aU  other  tests  than  those  for  ultimate  strength  shall  conform  to  the  above 
requirements. 

88.  AUowaUe  Variatioiis. — If  the  ultimate  strength  varies  more  than  a,ooo  lb.  from  that 
desired,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lb. 
of  the  desired  ultimate. 

89.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the 
time  of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
permitted. 

90.  Spedmens. — Plate,  shape  and  bar  specimens  for  tensile  and  bending  tests  shall  be  made 
by  cutting  coupons  from  the  fimshed  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  bv  Fig.  I ;  or  with  both  edges  parallel;  or  they  may  be  turned  to  a  diameter 
of  i-in.  for  a  length  of  at  least  9  in.,  with  enlarged  ends. 

91.  Rivet  rods  shall  be  tested  as  rolled. 

*  See  paragraph  96.        f  See  paragraphs  97,  98,  and  99.        {See  paragraph  100. 
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92.  Pin  and  roller  specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bar.  The  specimen  for 
tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending  test  shall  be 
one  inch  by  J-in.  in  section. 

93.  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importance  of 
the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test  specimens 
to  be  of  the  form  prescribed  for  pins  and  rollers. 
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94.  Spedmens  of  RoUed  SteeL — Rolled  steel  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolls. 

95.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  f-in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

96.  Modiflcation  in  Elongation. — A  deduction  of  i  per  cent  will  be  allowed  from  the  specified 
percentage  for  elongation,  for  each  |-in.  in  thickness  above  f-in. 

97.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  Material. — Full-sized  material  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — ^Angles  i-in.  and  less  in  thickness  shall  open  flat,  and  angles  i-in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  bl  jws  of  a  hammer,  without  sign  of  fracture.  This 
test  shall  be  made  only  when  required  by  the  inspector. 

100.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  shall  have  rolled  edges. 

102.  Melt  Numbers.-7Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks 
on  an  attached  metal  tag. 

103.  Defective  MateriaL — ^Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  oy  the  manufacturer  at 
his  own  cost. 

104.  Variatioa  in  Weif^t — ^A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of 
more  than  2}  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  followii^  permissible  variations,  which  are  to  apply 
to  single  plates,  when  ordered  to  weight: 

105.  Plates  I2|  lb.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide,  2  J  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  $  per  cent  above  or  below. 
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io6.  Plates  under  12}  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2^  per  cent  above  or  below. 

(b)  Seventy-five  inches  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

107.  Plates  when  ordered  to  gage  will  be  accepted  if  they  measure  not  more  than  o.oi  in. 
below  the  ordered  thickness. 

108.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cu.  in.  of  rolled 
steel  being  assumed  to  weigh  0^833  l^*- 


ThickocM 
Ordered. 

Nominal 
Wdghu. 

Width  of  Plate.                                                   { 

Up  to  75". 

75"  and  up  to 
100". 

xoo"  and  up  to 
1x5". 

Over  115". 

}  -inch 

1      " 
a       « 

T         tl 

1       u 

JL    «< 

t       « 

Over  1     " 

10.20  lb. 

I2.7S :; 
15.30 

,7.8s 

20.40  " 

22.95 ;; 

25.50 

10  per  cent 
8        " 

I  ' 

s      " 
3i     " 

14  per  cent 
12        " 
10       " 

8       " 

7       " 

6i     " 

6       " 

5       " 

18  per  cent 
16        " 
13        " 

10     ;; 

8|      " 
8       " 
6J      " 

17  per  cent 
13        " 
12        " 
II        " 
10        " 
9       " 

10^.  Cast-iron. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free  from 
flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbitration 
Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  1}  in.  in  diameter  and 
15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least  t\r  in.  before 
rupture. 

no.  Wrougfat-IroiL — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When  tested 
in  specimens  of  the  form  of  Fig.  i ,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show  an  ultimate 
strength  of  at  least  50,000  lb.  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in.,  with  fracture 
wholly  fibrous.  Specimens  shall  b^nd  cold,  with  the  fiber,  through  1^5  degrees,  without  sign  of 
fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece  tested. 
When  nicked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  fibrous. 


VI.    INSPECTION  AND  TESTING  AT  THE  MILLS. 

111.  ICin  Orders. — ^The  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
material  shall  be  rolled  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
been  placed,  so  that  he  may  arrange  for  the  inspection. 

112.  Facilities  for  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

113.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  alltimes,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

VII.    WORKMANSHIP. 

114.  General. — ^All  parts  forming  a  structure  shaU  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bridge  works. 
Material  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
before  being  worked  in  the  shops. 

115.  Straightening. — Material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  that 
will  not  injure  It,  before  being  laid  off  or  worked  in  any  way. 

116.  Finish. — ^Shearing  and  chipping  shall  be  neatly  and  accurately  done  and  all  portions  of 
the  work  exposed  to  view  neatly  finished. 

1 17.  Size  of  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 
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PART  FIRST— DESIGN. 


I.    GENERAL. 

1.  Materials.— The  material  in  the  superstructure  shall  be  structural  steel,  except  rivets, 
and  as  may  be  otherwise  specified. 

2.  Clearances. — When  alinement  is  on  tangent,  clearances  shall  not  be  less  than  shown  on 
the  diagram;  the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in.  The  width  shall  be  increased 
so  as  to  provide  the  same  minimum  clearances  on  curves  for  a  car  80  ft.  long,  14  ft.  high,  and  60  ft. 
center  to  center  of  trucks,  allowance  being  made  for  curvature  and  superelevation  of  rails. 

3.  Spadng  Trusses. — ^The  width  center  to  center  of  girders  and  trusses 

shall  in  no  case  be  less  than  one-twentieth  of  the  effective  span,  nor  less  than  -a-j^ 

is  necessary  to  prevent  overturning  under  the  assumed  lateral  loading.  ^^ 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of     ^  r J- I 

skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted     -S 
floor  is  u»m1. 

5.  Floors. — ^Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall 
be  proportioned  to  carry  the  maximum  wheel  load,  with  100  per  cent  impact, 
distributed  over  three  ties,  with  fiber  stress  not  to  exceed  2,000  lb.  per  sq.  in. 
Ties  shall  not  be  less  than  10  ft.  in  length.  They  shall  be  spaced  with  not 
more  than  6-in.  openings;  and  shall  be  secured  against  bunching. 

II.    LOADS.  ^  y. 

6.  Dead  Load, — ^The  dead  load  shall  consist  of  the  estimated  weight  of  "^i..  jsi I ± 

tlie  entire  suspended  structure.    Timber  shall  be  assumed  to  weigh  4J  lb.  per  Tod  of\p'/ 

ft.  B.  M.;  ballast  100  lb.  per  cu.  ft.,  reinforced  concrete  150  lb.  per  cu.  ft.,  ^  or^dtl 

and  rails  and  fastenings,  150  lb.  per  linear  ft.  of  track. 

ty.  live  Load. — ^The  live  load,  for  each  track,  shall  consist  of  two  typical  engines  followed 
by  a  uniform  load,  according  to  Cooper's  series,  or  a  system  of  loading  giving  practically  equivalent 
strains.  The  minimum  loading  to  be  Cooper's  E-40,  and  the  special  loading,  the  diagram  as 
shown  in  the  following  diagrams,  that  which  gives  the  larger  strains  to  be  used. 

t8.  Heavier  Loading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  the 
same  spacing. 

9.  Impact — The  dynamic  increment  of  the  live  load  shall  be  added  to  the  maximum  computed 

live  load  strains  and  shall  be  determined  by  the  formula  I  —  S  -z-A 1 

L  -\-  300 

where  /  "  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 

S  ■»  computed  maximum  live-load  strain. 

L  «  loaded  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.     For 

bridges  carrying  more  than  one  track,  the  aggregate  length  of  all  tracks  producing 

the  strain  shall  be  used. 

Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  or 

wind  forces. 

10.  Lateral  Forces. — All  spans  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  of 
200  lb.  per  linear  foot  plus  10  per  cent  of  the  specified  train  load  on  one  track,  and  200  lb.  per 
linear  foot  on  the  unloaded  chord;  these  forces  being  considered  as  moving. 

•  Adopted  by  the  American  Railway  Engineering  Association, 
t  See  Addendum,  clause  (a). 
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II.  Wind  Force. — ^Viaduct  towers  shall  be  designed  for  a  force  of  50  lb.  per  sq.  ft.  on  one 
and  one-half  times  the  vertical  projection  of  the  structure  unloaded;  or  30  lb.  per  sq.  ft.  on  the 
same  surface  plus  400  lb.  per  linear  ft.  of  structure  applied  7  ft.  above  the  rail  for  assumed  wind  - 
force  on  train  when  the  structure  is  either  fully  loaded  or  loaded  on  either  track  with  empty  cars 
assumed  to  weigh  1,200  lb.  per  linear  ft.,  whichever  gives  the  larger  strain. 

i|i|  itii  i  nil  nil 


1     I^SS       §§§§      §     SS^S      §^ji§         TrsmLoad  ^    ^ 


12.  Longitadiiial  Force. — ^Viaduct  towers  and  similar  structures  shall  be  designed  for  a 
longitudinal  force  of  20  per  cent  of  the  live  load  applied  at  the  top  of  the  rail. 

13.  Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load 
applied  at  the  top  of  the  high  rail.  The  centrifugal  force  shall  be  considered  as  live  load  and  be 
derived  from  the  speed  in  miles  per  hour  given  by  the  expression  60  —  i\D^  where  '*/?"  =  degree 
of  curve. 

III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

14.  Unit  Stresses. — ^All  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  maxi- 
mum stresses  produced  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
per  sq.  in.,  except  as  modified  in  paragraphs  22  to  25: 

15.  Tension. — ^Axial  tension  on  net  section 16,000 

16.  Compression. — ^Axial  compression  on  gross  section  of  columns 16,000  —  70  — 

with  a  maximum  of 14,000 

where  *'/"  is  the  length  of  the  member  in  inches,  and  "r"  is  the  least  radius  of 

gyration  in  inches. 
Direct  compression  on  steel  castings 16,000 

17.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections, 

girders  and  steel  castings;  net  section 16,000 

on  extreme  fibers  of  pins 24,000 

18.  Shearing. — Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

19.  Bearing. — Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

expansion  rollers;  f)er  linear  inch 6oo(2 

where  **  J"  is  the  diameter  of  the  roller  in  inches. 

on  masonry 600 

20.  Limiting  Length  of  Members. — The  lengths  of  main  compression  members  shall  not 
exceed  100  times  their  least  radius  of  gyration,  and  those  for  wind  and  sway  bracing  120  times 
their  least  radius  of  gyration. 

21.  The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not 
exceed  200  times  their  radius  of  gyration  about  the  horizontal  axis.  The  horizontal  projection 
of  the  unsupported  portion  of  the  member  is  to  be  considered  as 'the  effective  length. 

22.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.    The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 


23.  Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only  two-thirds  of  the 
dead  load  stresses  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

24.  Combined  Stresses. — Members  subject  to  both  axial  and  bending  stresses  shall  be  pro- 
portioned so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

25.  For  stresses  produced  by  longitudinal  and  lateral  or  wind  forces  combined  with  those 
from  live  and  dead  loads  and  centrifugal  force,  the  unit  stress  may  be  increased  25  per  cent  over 

15 
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§14.  Unit  Stresses. — ^For  a  comparison  of  the  tensile  unit  stresses  see  Table  XVI. 

922.  Alternate  Stresses. — ^Four  of  the  sixteen  specifications  use  the  same  specification  as  in 
section  22.  Six  specifications  use  Cooper's  specification.  "Ail  members  and  their  connections 
shall  be  designed  to  resist  each  kind  of  stress.  Both  of  the  stresses  shall,  however,  be  considered 
as  increased  by  0.8  of  the  least  of  the  two  stresses."  One  specification  increases  each  stress  by 
0.60  of  the  lesser  stress,  one  by  0.70,  and  two  by  0.75.    One  specification  uses  Weyrauch's  formula, 

P  ^  S  ( 1 mm.  8treM_\     ^j^^^^  p  ^  allowable  unit  stress  for  alternate  stresses,  and  5 

\         2  max.  stress  / 
»  allowable  unit  stress  for  live  loads  alone. 

§26.  Net  Sections. — ^Section  26  is  standard.  In  addition  the  method  of  calculating  the 
net  area  of  a  riveted  tension  member  is  given  in  several  specifications. 

Cooper  requires  that  "The  rupture  of  a  riveted  tension  member  is  to  be  considered  as  equally 
probable,  either  through  a  transverse  line  of  rivet  holes  or  through  a  zigzag  line  of  rivet  holes,  where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  a  transverse  line." 

The  Baltimore  &  Ohio  R.  R.  requires  that  "The  greatest  number  of  rivet  holes  that  can  be 
cut  by  a  transverse  plane,  or  come  within  one  inch  of  the  plane  is  to  be  deducted  in  calculating 
the  net  section." 

The  New  York  Central  Lines  require  that  "The  net  section  of  riveted  members  shall  be  the 
least  area  which  can  be  obtained  by  deducting  from  the  gross  sectional  area  the  areas  of  holes  cut 
by  any  plane  perpendicular  to  the  axis  of  the  member  and  parts  of  the  areas  of  other  holes  on  one 
side  of  the  plane,  within  a  distance  of  4  inches,  and  which  are  on  other  gage  lines  than  those  of  the 
holes  cut  by  the  plane,  the  parts  being  determined  by  the  formula:  i4(i  —  p/4),  in  which  A  «  the 
area  of  the  hole,  and  p  »  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane." 

The  Canadian  Society  of  Civil  Engineers  requires  "There  shall  be  deducted  from  each  member 
as  many  rivets  as  there  are  gage  lines,  unless  the  distance  center  to  center  of  rivets  measured  in 
the  diagonal  direction  is  40  per  cent  greater  than  their  distance  center  to  center  of  gage  lines." 

529.  Plate  Girders. — ^Seven  of  the  sixteen  specifications  require  that  plate  girders  be  pro- 
portioned either  by  the  moment  of  inertia  of  their  net  section;  or  by  assuming  that  the  flanges 
are  concentrated  at  their  centers  of  gravity;  in  which  case  one-eighth  of  the  gross  section  of  the 
web,  if  properly  spliced,  may  be  used  as  flange  section.  Six  specifications  require  that  the  bending 
moment  ail  be  taken  by  the  flanges.  Two  specifications  require  that  the  bending  moment  be 
taken  by  the  flanges  and  that  one-eighth  of  the  gross  section  of  the  web  be  taken  as  flange  area. 
One  specification  requires  that  plate  girders  with  stiffeners  be  designed  on  the  assumption  that 
the  flanges  take  all  the  bending  moment,  and  that  tor  plate  girders  without  stiffeners  one-eighth  of 
the  web  may  be  considered  as  flange  area. 

530.  Compression  Flanges. — ^Two  specifications  require  that  the  flange  angles  shall  contain 
at  least  one-half  of  the  area  of  the  flange.  The  specifications  uniformly  require  that  the  com- 
pression flange  shall  have  the  same  gross  area  as  the  tension  flange. 

S36.  Counters. — ^Eight  specifications  require  that  counters  be  stiff  members.  Eight  speci- 
fications permit  adjustable  counters  and  laterals. 

845.  Minimum  Angles. — ^Five  specifications  give  3!"  X  3"  X  t"  as  the  minimum  angle. 
Two  specifications  give  3"  X  2|"  X  I"  as  the  minimum  angle.  One  specification  requires  that 
the  vertical  leg  be  not  less  than  3I".  One  specification  requires  that  connection  angles  for  stringers 
and  floorbeams  be  not  less  than  4"  X  4"  X  t";  one  specification  3I"  X  3J"  X  I",  and  one 
specification  6"  X  4"  X  I". 

(50.  Expansion. — Six  specifications  require  that  provision  be  made  for  an  expansioff  of  |  in. 
for  each  10  ft.  of  span.  Five  specifications  require  that  provision  be  made  for  a  range  in  tempera- 
ture of  150  degrees  F.;  one  for  180  degrees  F.  Three  specifications  require  that  provision  be 
made  for  an  expansion  of  i  in.  in  100  ft.;  one  for  an  expansion  of  i  in.  in  70  ft. 

|62.  Rollers. — ^Six  specifications  require  that  rollers  be  at  least  6  in.  in  diameter.  Five 
specifications  permit  rollers  4  in.  in  diameter.  One  specification  permits  rollers  3  in.  in  diameter. 
Cooper  requires  that  rollers  for  spans  up  to  100  ft.  be  4}  in.,  and  that  the  diameter  be  increased 
I  in.  for  each  10  ft.  increase  in  span  over  100  ft.  The  New  York  Central  R.  R.  requires  that  rollers 
shall  not  have  a  less  diameter  in  inches  than  3  +  0.03  (span  in  feet). 

j68.  Stringer  Connection  Angles. — One  specification  requires  that  connection  angles  of 
stringers  and  floorbeams  be  not  less  than  4"  X  4"  X  I";  one  specification  3!"  X  3i"  X  I", 
and  one  specification  6"  X  4"  X  |". 

§77.  Camber  of  Plate  Girders. — ^Four  specifications  require  that  plate  girders  more  than 
50  ft.  long  be  cambered  A  >n.  per  10  ft.  of  length.  Two  specifications  require  full  camber.  Two 
specifications  require  a  camber  of  tAtt  the  span.  Two  specifications  require  a  camber  of  rin  the 
span.  One  specification  requires  a  camber  of  |  in.  per  10  ft.  of  length,  one  specification  requires 
a  camber  of  A  >«•  per  15  ft.  of  length.  Four  specifications  do  not  require  that  plate  girders  be 
cambered. 
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§79.  Web  Stiffeners. — Seven  specifications  have  the  same  specification  as  given  in  section  79- 
Two  specifications  require  that  stiffeners  be  spaced  not  to  exceed  depth  of  girder.  The  Baltimore 
&  Ohio  R.  R.  requires  that  stiffeners  be  spaced  not  to  exceed  depth  of  girder  or  6  ft;,  and  that  for 
webs  up  to  6  ft.  6  in.,  stiffeners  shall  be  3!"  X  3i"  X  i"  angles;  for  webs  from  7  ft.  to  7  ft.  6  in., 
stiffeners  shall  be  5"  X  3J"  X  I"  angles;  for  webs  8  ft.  and  over,  stiffeners  shall  be  6"  X  4"  X  i" 
angles.  The  New  York  Central  Lines  require  that  stiffeners  be  spaced  not  to  exceed  depth  of 
girder  or  5  ft.  6  in.;  near  ends  of  girders  the  spacing  shall  not  exceed  one-half  the  depth  of  girder 
or  3  ft.  6  in. 

The  New  York  Central  Lines  require  that  stiffeners  shall  have  an  outstanding  leg  not  less 
than  2  inches  plus  /jj  the  depth  of  the  girder. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.  requires  that  stiffeners  bearing  against  6"  X  6" 
flange  angles  shall  be  5"  X  3  J"  X  i";  and  against  8".  X  8"  flange  angles  shall  be  6"  X  3  J"  X  i". 

j8i.  Camber  of  Trusses. — ^Six  specifications  require  full  camber  as  stated  in  section  81.  Six 
specifications  require  that  the  upper  chords  be  increased  J  in.  for  each  10  ft.  One  specification 
requires  that-the  upper  chord  be  increased  J  in.  for  each  15  ft.  Two  specifications  require  that 
trusses  be  cambered  nVr  the  span.  One  specification  requires  that  trusses  be  cambered  xAtt  the 
span. 

§82.  Rigid  Members. — ^All  specifications  require  that  hip  verticals  and  the  two  end  panels 
of  bottom  chords  (two  at  each  end)  be  stiff  members.  The  Common  Standard  specifications 
(Harriman  Lines)  require  that  the  bottom  chords  of  bridges  of  less  than  150  ft.  span  be  stiff 
members.  The  Illinois  Central  R.  R.  requires  that  bridges  with  6  panels  or  less  shall  have  stiff 
lower  chords.  The  New  York  Central  Lines  limit  the  specification  for  rigid  members  to  spans 
less  than  300  ft. 

§83.  Eye-bars. — Nine  specifications  permit  bars  to  be  out  of  line  i  in.  in  16  ft.  as  in  section  83. 
Gae  specification  permits  bars  to  be  out  of  line  i  in.  in  8  ft. 

Miscellaneous. — The  following  specifications  are  of  interest. 

Initial  Stress. — ^Four  of  the  sixteen  specifications  require  that  diagonals  and  struts  be  designed 
for  an  initial  stress  of  10,000  lb.  in  each  diagonal. 

CoUisioii  Stmt. — ^Two  of  the  sixteen  specifications  require  collision  struts. 

Fastening  Angles. — ^Two  specifications  require  that  angles  must  be  fastened  by  both  legs. 
Three  specifications  require  that  angles  be  fastened  by  both  legs  or  only  one  leg  will  be  considered 
effective.  One  specification  requires  that  75  per  cent  of  the  net  area  be  considered  effective  where 
angles  are  fastened  by  one  leg,  and  90  per  cent  of  the  net  area  be  considered  effective  where  angles 
are  fastened  by  both  legs. 

Calcolatiiig  Dead  Load  Stresses. — One  specification  requires  that  all  the  dead  load  be  con- 
sidered as  coming  on  the  loaded  chord.  Two  specifications  require  that  three-fourths  of  the  dead 
load  be  considered  as  coming  on  the  loaded  chord  and  one-fourth  on  the  unloaded  chord.  Two 
specifications  require  that  two-thirds  of  the  dead  load  be  considered  as  coming  on  the  loaded  chord 
and  one-third  on  the  unloaded  chord.  Two  specifications  require  that  the  floor  load  shall  be 
assumed  as  taken  by  the  loaded  chord,  and  the  remainder  of  the  dead  load  to  be  divided  equally 
between  the  chords.     The  other  specifications  do  not  state  where  the  dead  load  shall  be  applied. 

Minimum  Bar. — ^Three  specifications  require  that  the  minimum  bar  shall  have  not  less  than 
3  sq.  in.  cross  section.  One  specification  permits  a  minimum  bar  1}  in.  square.  One  specification 
requires  that  an  increase  of  80  per  cent  in  the  live  load  shall  not  increase  the  stress  in  the  counters 
more  than  80  per  cent.    One  specification  has  a  similar  clause  with  70  per  cent  variation. 

Paint — ^The  shop  coat  of  paint  as  required  by  several  specifications  is  as  follows: 

The  New  York  Central  Lmes  use  red  lead  paint  mixed  by  the  following  formula: — 100  lb. 
pure  red  lead;  4  gallons  pure  open- kettle-boiled  linseed  oil;  and  not  to  exceed  one-half  pint  of 
turpentine-japan  drier. 

The  Boston  &  Maine  R.  R.  and  the  New  York,  New  Haven  &  Hartford  R.  R.  use  red  lead 
paint  made  by  mixinz  32  lb.  of  red  lead  to  one  gallon  of  linseed  oil. 

The  A.  T.  &  S.  F.  Ry.  gives  steel  work  a  shop  coat  of  linseed  oil;  while  the  C.  R.  I.  &  P. 
R.  R.  uses  linseed  oil  with  10  per  cent  of  lamp  black. 

The  Illinois  Central  R.  R.  uses  red  lead  paint  for  a  shop  coat. 

The  Pennsylvania  Lines  West  of  Pittsburgh  use  a  shop  coat  of  pure  linseed  oil. 

The  Common  Standard  specifications  require  a  shop  cdat  of  red  lead. 
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Chap.  IV. 


TABLE  XIV. 
Data  on  Ties  on  Bridges. 


I 

SpedficatJona. 

Minimum  Size  and  Spacing  of  Ties. 

DaU  for  Design.             { 

Size. 

Length. 

Maadmum  Spacing. 

Fiber  Stras.  Lb. 
per  Sq.  In. 

Impact* 
Percent. 

I.  Am.  Rv.  Ene.  Assoc. 

10  ft. 
12  ft. 
9  ft. 
10  ft. 
10  ft. 

^  6  in. 

12  in.  centers 

6  in. 

6  in. 

6  in. 

2,000 
1,400 
1,000 
2,000 
2,000 

100 
none 
none 
100 
100 

2.  A.T.  &St.  F.R.  R.. 

3.  B.  &0.  R.  R 

4.  B.  &  M.  R.  R 

8  in.  X  8  in. 
8  in.  X  8  in. 

c.  C.  M.  &  St.  P.  Rv... 

6.  C.  R.  I.  &P-  R.  R... 

7.  Common  Sundard... 
.  8.  Cooper 

8  in.  X  10  in. 

4  in. 

1,000 
1,500 
2,000 

none 
none 
too 

9.  Illinois  Central  R.  R. 

10.  K.  C,  M.  &  0.  R.  R. 

11.  L.V.R.  R 

12.  N.  Y.  Central  Lines. . 

C6"  X  8"  flat 
<  Four  lines  of 
1    stringers) 
8  in.  X  10  in. 

10  ft. 
10  ft. 

13  in.  centers 

on  edge 

6  in. 

13.  N.  Y.,N.  H.  &H. 
R.  R 

10  ft. 

6  in. 

2,000 

too 

14.  Penna.  W.  of  Pitts- 
bursh  • 

15.  Nat.  L.  of  Mexico . . . 

4  in. 

1,000 
1,800 

none 
100 

16.  Can.  Soc.  C.  E 

TABLE  XV. 
Data  on  Dead  Loads. 


Spedficationt. 

Wdglit  In  Lb.                                                         1 

Timber. 

Ballast. 

Concrete. 

Rails  and 
FaateningB. 

Total  Weight  of 
Floor.  Lb. 

2.  A.,  T.  &  S.  F.  R.  R 

3.'B.  &0.  R.  R 

4i 

4I 
4* 
4t 

Timber  Ballasted 
Deck  1,400 

130 
ISO 
150 

100 

ISO 
ISO 

4.  B.&M.R.R 

5.  C.M.&St.P.Ry 

7.  Common  Standard 

100 
100 

500 
400  mm. 

8.  Cooper 

4j 
Creosoted  5 

4I 

4l 
4i 

1 10 
100 

9.  Illinois  Central  R.  R 

10.  K.  C,  M.  &  0.  R.  R.. . . 

11.  Lehigh  Valley  R.  R 

12.  N.  Y.  Central  R.  R 

13.  N.  Y.,  N.  H.  &  H.  R.  R. 

14.  Penna.  W.  of  Pittsburgh 

15.  Nat.  L.  of  Mexico 

17.  Dcpt.  of  R.  R.  of  Canada 

ISO 

150 
ISO 
ISO 

100 

170 
ISO 
150 

400 

IS 

120 
100 

400 

4 

4 

100 

120 

600 

per  sq.  in.  and  the  lowest  is  15,000  lb.  per  sq.  in.  Of  the  39  roads  considered  all  except  one  use  a 
concentrated  system  of  engine  loadings;  one  road,  the  Pennsylvania  Lines  West  of  Pittsburgh, 
uses  a  uniform  load  of  5,500  lb.  per  lineal  foot  of  track  and  an  excess  load  of  66,000  lb.  on  one 
axle;  no  road  is  using  an  equivalent  uniform  load.  For  data  on  the  heaviest  locomotives  in  service 
and  the  relative  stressies  due  to  these  locomotives  compared  with  £  50  loading  see  Table  II. 

Mr.  Greiner's  conclusion  is  that  E  50  bridges  will  safely  carry  all  loads  that  can  be  carried 
without  increasing  the  present  vertical  and  horizontal  clearances. 
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TABLE  XVL 
LiVB  Loads  for  Railway  Bridges. 


TTngtuA- 

Si)ecial  Loads. 

Impact. 

Tensile  Unit  Stress 
in  Lb. 

Equivalent 

Loading  in 

Terms  of 

TensUe 

Stress. 

Type. 

Weight 

in  i.ooo 

Lb. 

Weight 
per 

Two 

Loads. 

Lb. 

Loads. 
Ft. 

2.  A.,  T.  &  S.  F. 

R.  R 

Consol. 
Eso 
E60 

{ig; 

Ess 
Ess 
Ess 
E4S 

E60 
E60 

E60 

Excess* 
E60 

291.0 
225.0 
270.0 

247.5 
270.0 

247.S 

247.5 

247.S 

202.S 

270.0 
270.0 

270.0 

Cooper 

A.R.E.A. 
« 

« 

Launhardt 
LL 

E60 

eS 

r*  00 

{lis 

Ess 

Ess' 

Ess' 

E40 

E60 
Es3 

E60 

E6s 

Ess 

3.  B.  &0.  R.  R.... 

4.  B.&M.R.R... 

5.  C.  M.  &  St.  P. 

Ry 

60,000 
65,000 
68,750 
75,000 

68,750 

"e" 

7 
7 

7 

16,000 
16,000 

16,000 
16,000 

16,000 

18,000 

16,000 
18,000 

16,000 

6.  C.  R.  I.  &  P. 
R.  R 

7.  Common 

Sundard 

9.  Illinois  Central 

R  R 

10.  K.  C,  M.  &  0. 
R.  R 

56,250 

75,000 
72,000 

65,000 

7      ' 

7\ 
7 

6 

LL  +  DL 
A.  R.  E.  A. 

(( 
(i 

Launhardt 
Cooper 

1 1.  Lehigh  Valley 

R.  R 

12.  N.Y.  Central... 

13.  N.Y.,N.H.& 

H.R.  R 

14.  Penna.  W.  of 

Pittsburgh.... 

IS-  Nat.  L.  of  Mex.. 

270.0 

75,000 

S 

1.  C.  M.  &  St.  P.  Ry.  uses  E  55  east  of  the  Missouri  River  and  E  60  west. 

2.  A  uniform  train  load  of  7,000  lb.  per  lin.  ft.  on  ore  roads. 

3.  A  uniform  train  load  of  5,000  lb.  per  lin.  ft. 

4.  A  uniform  train  load  of  6,000  lb.  per  lin.  ft. 

5.  Train  load  of  5,500  lb.  per  lin.  ft.  and  excess  load  of  66,000  lb. 

§9.  Impact — ^Ten  of  the  sixteen  specifications  use  the  impact  coefficient  as  given  in  section  9, 
/  =  30o/(L  +  300).  ^  Three  specifications  follow  Cooper's  method  of  using  dead  load  unit  stresses 
equal  to  twice  the  live  load  unit  stresses,  with  different  stresses  for  different  members.    Two 

min.  stress  \ 


..{ 


i+: 


where  P  =  allowable  unit 


specifications  use  Launhardt's  formula,    .        ^  ,  -    ,  ^        , 

*^  V         max.  stress  / 

stress,  and  S  »  allowable  unit  stress  for  live  load  alone.    One  specification  uses  the  impact 

-         I     r  ss Live  Load  Stress 

'        Live  Load  Stress  +  Dead  Load  Stress 

In  the  paper  referred  to  in  section  7,  Mr.  Greiner  found  that  26  roads  used  the  A.  R.  E.  A. 
formula  for  impact. 

§10  &  II.  Wind  Loads. — ^The  wind  loads  given  in  the  different  specifications  are  variable 
and  space  will  not  permit  going  into  detail.  Most  of  the  specifications  require  that  the  moving 
wind  load  on  the  loaded  chord  be  considered  as  applied  at  6  or  7  ft.  above  the  top  of  the  rail. 

S13.  Centrifugal  Force. — Five  of  the  sixteen  specifications  have  the  same  requirement  as  in 
section  13.  The  centrifugal  force  of  a  body  moving  in  a  circular  path  is  C  =  W'V*I^2'2R, 
where  W  =  weight  of  live  load  per  lineal  foot;  V  =  velocity  of  tram  in  feet  per  second,  and 
R  =  radius  of  curve  in  feet.  For  a  speed  of  60— 2jl>,  C  =  0.039 TT  for  a  i  degree  curve;  C  = 
0.071  W  for  a  2  degree  curve;  C  =  0.117TV  for  a  4  degree  curve,  and  C  =  0.143W  for  a  10  degree 
curve.  Five  specifications  require  that  the  centrifugal  force  be  applied  at  5  to  7 J  feet  above  the 
rail.  Two  specifications  take  the  centrifugal  force  as  C  =  0.03 W'Z>,  where  W  -  equivalent 
weight  of  live  load  per  lineal  foot,  and  D  =  degree  of  curve;  one  takes  C  =  0.02 TT-P,  and  twf* 
take  C  «  0.045 Pr-Z>.  The  K.  C.  M.  &  O.  R.  R.  takes  C  =  W-V/32 -212.  where  W  =  eouiva- 
lent  weight  of  live  load  per  lineal  foot,  V  —  velocity  of  train  in  feet  per  second  (calculated  tor  50 
miles  per  hour),  and  R  «  radius  of  curve  in  feet.    This  gives  C  =  0.029 PT'D. 


GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES.* 

American  Railway  Engineering  Association. 
Fourth  Edition. 

STANDARD   SPECIFICATIONS. 

PART  FIRST— DESIGN. 


I.    GENERAL. 

1.  Materials.—The  material  in  the  superstructure  shall  be  structural  steel,  except  rivets, 
and  as  may  be  otherwise  specified. 

2.  Clearances. — When  alinement  is  on  tangent,  clearances  shall  not  be  less  than  shown  on 
the  diagram;  the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in.  The  width  shall  be  increased 
so  as  to  provide  the  same  minimum  clearances  on  curves  for  a  car  80  ft.  lone,  14  ft.  high,  and  60  ft. 
center  to  center  of  trucks,  allowance  being  made  for  curvature  and  superelevation  of  rails. 

3.  Spadng  Trusses. — ^The  width  center  to  center  of  girders  and  trusses 

shall  in  no  case  be  less  than  one- twentieth  of  the  effective  span,  nor  less  than  ^^ 

is  necessary  to  prevent  overturning  under  the  assumed  lateral  loading.  ^^ 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of     »i  j^ J- | _. 

skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted     ^j     /      |       f 
floor  is  used. 

5.  Floors. — Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall 
be  proportioned  to  carry  the  maximum  wheel  load,  with  100  percent  impact, 
distributed  over  three  ties,  with  fiber  stress  not  to  exceed  2,000  lb.  per  sq.  in. 
Ties  shall  not  be  less  than  10  ft.  in  length.  They  shall  be  spaced  with  not 
more  than  6-in.  openings;  and  shall  be  secured  against  bunching. 

II.    LOADS.  ^ 

6.  Dead  Load,— The  dead  load  shall  consist  of  the  estimated  weight  of  ^i..]S! 1 X 

tlie  entire  suspended  structure.    Timber  shall  be  assumed  to  weigh  4J  lb.  per  TkTTf'p'/ 

ft.  B.  M.;  ballast  100  lb.  per  cu.  ft.,  reinforced  concrete  150  lb.  per  cu.  ft.,  >^  or^ati 

and  rails  and  fastenings,  150  lb.  per  linear  ft.  of  track. 

ty.  Live  Load. — ^The  live  load,  for  each  track,  shall  consist  of  two  typical  engines  followed 
by  a  uniform  load,  according  to  Cooper's  series,  or  a  system  of  loading  giving  practically  equivalent 
strains.  The  minimum  loading  to  be  Cooper's  E-40,  and  the  special  loading,  the  diagram  as 
shown  in  the  following  diagrams,  that  which  gives  the  larger  strains  to  be  used. 

fS.  Heavier  Loading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  the 
same  spacing. 

9.  Impact — ^The  dynamic  increment  of  the  live  load  shall  be  added  to  the  maximum  computed 

live  load  strains  and  shall  be  determined  by  the  formula  /  =  5  -r-^ , 

.         L  -h  300  ' 

where  I  »  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 

S  »  computed  maximum  live-load  strain. 

L  »  loaded  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.    For 

bridges  carrying  more  than  one  track,  the  aggregate  length  of  all  tracks  producing 

the  strain  shall  be  used. 

Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  or 

wind  forces. 

10.  Lateral  Forces. — All  spans  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  of 
200  lb.  per  linear  foot  plus  10  per  cent  of  the  specified  train  load  on  one  track,  and  200  lb.  per 
linear  foot  on  the  unloaded  chord;  these  forces  being  considered  as  moving. 

*  Adopted  by  the  American  Railway  Engineering  Association, 
t  See  Addendum,  clause  (a). 
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11.  Wind  Force. — ^Viaduct  towers  shall  be  designed  for  a  force  of  50  lb.  per  sq.  ft.  on  one 
and  one-half  times  the  vertical  projection  of  the  structure  unloaded;  or  30  lb.  per  sq.  ft.  on  the 
same  surface  plus  400  lb.  per  linear  ft.  of  structure  applied  7  ft.  above  the  rail  tor  assumed  wind  - 
force  on  train  when  the  structure  is  either  f ullv  loaded  or  loaded  on  either  track  with  empty  cars 
assumed  to  weigh  1,200  lb.  per  linear  ft.,  whichever  gives  the  larger  strain. 

§1111  §%%s%iiii  §111    ^,^     II 

§     5«i«>a      §«§§     «     SSSS      ^'i."*^        TrmLoid  ^    9, 

12.  Loncitadinal  Force. — ^Viaduct  towers  and  similar  structures  shall  be  designed  for  a 
longitudinalforce  of  20  per  cent  of  the  live  load  applied  at  the  top  of  the  rail. 

13.  Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load 
applied  at  the  top  of  the  high  rail.  The  centrifugal  force  shall  be  considered  as  live  load  and  be 
derived  from  the  speed  in  miles  per  hour  given  by  the  expression  60  —  2\D^  where  **D"  =»  degree 
of  curve. 

III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

14.  Unit  Stresses. — ^All  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  maxi- 
mum stresses  produced  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
per  sq.  in.,  except  as  modified  in  paragraphs  22  to  25: 

15.  Tension. — Axial  tension  on  net  section 16,000 

16.  Compression. — ^Axial  compression  on  gross  section  of  columns 16,000  —  70  — 

with  a  maximum  of 14,000 

where  "/"  is  the  length  of  the  member  in  inches,  and  'V  is  the  least  radius  of 

gyration  in  inches. 
Direct  compression  on  steel  castings 16,000 

17.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections,  ^ 
girders  and  steel  castings;  net  section 16,000 

on  extreme  fibers  of  pins , 24,000 

18.  Shearing. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section .  10,000 

19.  Bearing. — Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

expansion  rollers;  per  linear  inch (tood 

where  "J"  is  the  diameter  of  the  roller  in  inches. 

on  masonry 600 

20.  Tiimiting  Length  of  Members. — ^The  lengths  of  main  compression  members  shall  not 
exceed  100  times  their  least  radius  of  gyration,  and  those  for  wind  and  sway  bracing  120  times 
their  least  radius  of  gyration. 

21.  The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not 
exceed  200  times  their  radius  of  gyration  about  the  horizontal  axis.  The  horizontal  projection 
of  the  unsupported  portion  of  the  member  is  to  be  considered  as 'the  effective  length. 

22.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stiflF  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.  The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 
stresses. 

23.  Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only  two-thirds  of  the 
dead  load  stresses  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

24.  Combined  Stresses. — Members  subject  to  both  axial  and  bending  stresses  shall  be  pro- 
portioned so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

25.  For  stresses  produced  by  longitudinal  and  lateral  or  wind  forces  combined  with  those 
from  live  and  dead  loads  and  centrifugal  force,  the  unit  stress  may  be  increased  25  per  cent  over 

15 
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those  given  above;  but  the  section  shall  not  be  less  than  required  for  live  and  dead  loads  and 
centrifugal  force. 

26.  Net  Section  at  Rivets. — In  proportioning  tension  members  the  diameter  of  the  rivet  holes 
shall  be  taken  i-in.  larger  than  the  nominal  diameter  of  the  rivet. 

27.  Rivets. — In  proportioning  rivets  the  nominal  diameter  of  the  rivet  shall  be  used. 

28.  Net  Section  at  Pins. — ^Pin-connected  riveted  tension  members  shall  have  a  net  section 
through  the  pin-hole  at  least  25  per  cent  in  excess  of  the  net  section  of  the  body  of  the  member, 
and  the  net  section  back  of  the  pin-hole,  parallel  with  the  axis  of  the  member,  shall  be  not  less  than 
the  net  section  of  the  body  of  the  member. 

29.  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of  inertia  of 
their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of  gravity; 
in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properlv  spliced,  may  be  used  as  flange 
section.  The  thickness  of  web  plates  shall  be  not  less  than  xtv  of  the  unsupported  distance 
between  flange  angles  (see  38). 

30.  Compression  Flange. — ^The  gross  section  of  the  compression  flanges  of  plate  girders  shall 
not  be  less  than  the  gross  section  of  the  tension  flanges;  nor  shall  the  stress  per  sq.  in.  in  the 

compression  flange  of  any  beam  or  girder  exceed  16,000  —  200  -r ,  when  flange  consists  of  angles 

only  or  if  cover  consists  of  flat  plates,  or  16,000  —  150  7 1  if  cover  consists  of  a  channel  section, 

where  /  «  unsupported  distance  and  b  «  width  of  flange. 

31.  Flange  Rivets. — ^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  suflicient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  eflective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three 
ties. 

32.  Depth  Ratios. — ^Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
tnan  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall 
be  increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios 
had  not  been  exceeded. 

IV.    DETAILS  OF  DESIGN. 

GENERAL  REQUIREMENTS. 

33.  Open  Sections. — ^Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

34.  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes,  or  be 
filled  with  waterproof  material. 

35.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

36.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  tum- 
Duckles. 

37.  Strength  of  Counections. — The  strength  of  connections  shall  be  sufficient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

38.  Minimwm  Thickness. — ^The  minimum  thickness  of  metal  shall  be  f-in.,  except  for 
fillers. 

39.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  }-in.  rivets  and 
2}  in.  for  }-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates 
and  shapes  shall  be  6  in.  for  {-in.  rivets  and  5  in.  for  }-in.  rivets.  For  angles  with  two  gage  lines 
and  rivets  staggered  the  maximum  shall  be  twice  the  above  in  each  line.     Where  two  or  more 

Elates  are  usedin  contact,  rivets  not  more  than  12  in.  apart  in  either  direction  shall  be  used  to 
old  the  plates  well  together.     In  tension  members,  composed  of  two  angles  in  contact,  a  pitch 
of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

40.  Bdge  Distance. — ^The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i }  in.  for  {-in.  rivets  and  iHn.  for  f-in.  rivets,  and  to  a  rolled  edge  i  i  in.  and  1 1  in., 
respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times  the  thickness  of  the 
plate,  but  shall  not  exceed  6  in. 
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41.  Maximum  Diameter. — ^The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
shall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  J-in. 
rivets  may  be  used  in  3-in.  angles,  and  }-in.  rivets  in  2}-in.  angles. 

42.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  i^-in.  of  grip. 

43.  Pitch  at  Ends. — ^The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

44.  Compression  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

45.  Minimum  Angles. — ^Flanges  of  girders  and  built  members  without  cover  plates  shall  have 
a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

46.  Tie-Plates. — ^The  open  sides  of  compression  members  shall  be  provided  with  lattice  and 
shall  have  tie-plates  as  near  each  end  as  practicable.  Tie-plates  shall  be  provided  at  intermediate 
points  where  the  lattice  is  interrupted.  In  main  members  the  end  tie-plates  shall  have  a  length 
not  less  than  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flanges,  and  inter- 
mediate ones  not  less  than  one-half  this  distance.  Their  thickness  shall  not  be  less  than  one- 
&f  tieth  of  the  same  distance. 

47.  Lattice. — ^The  latticing  of  compression  members  shall  be  proportioned  to  resist  the 
shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 

column  formula  in  paragraph  16  by  the  term  70  -  .    The  minimum  width  of  lattice  bars  shall  be 

2  J  in.  for  f-in.  rivets,  2I  in.  for  f-in.  rivets,  and  2  in.  if  f-in.  rivets  are  used.  The  thickness  shall 
not  be  less  than  one-fortieth  of  the  distance  between  end  rivets  for  single  lattice,  and  one-sixtieth 
for  double  lattice.    Shapes  of  equivalent  strength  may  be  used. 

48.  Three-fourths-inch  rivets  shall  be  us^  for  latticing  flanges  less  than  2J  in.  wide,  and 
}-in.  for  flanges  from  2\  to  5}  in.  wide;  {-in.  rivets  shall  be  used  m  flanges  3}  in.  and  over,  and 
lattice  bars  with  at  least  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

49.  The  inclination  of  lattice  bars  with  the  axis  of  the  member  shall  be  not  less  than  ^5  degrees, 
and  when  the  distance  between  rivet  lines  in  the  flanges  is  more  than  15  in.,  if  single  rivet  bar  is 
used,  the  lattice  shall  be  double  and  riveted  at  the  intersection. 

50.  Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange  included  between  their 
connections  shall  be  as  strong  as  the  member  as  a  whole. 

51.  Faced  Joints. — ^Abutting  joints  in  compression  members  when  faced  for  bearing  shall  be 
spliced  on  four  sides  sufficiently  to  hold  the  connecting  members  accurately  in  place.  All  other 
joints  in  riveted  work,  whether  in  tension  or  compression,  shall  be  fully  spliced. 

52.  Pin  Plates. — Pin-holes  shall  be  reinforced  by  plates  where  necessary,  and  at  least  one 
plate  shall  be  as  wide  as  the  flanges  will  allow  and  be  on  the  same  side  as  the  angles.  They  shall 
contain  sufficient  rivets  to  distribute  their  portion  of  the  pin  pressure  to  the  full  cross-section  of 
the  member. 

53.  Forked  Ends. — ^Forked  ends  on  compression  members  will  be  permitted  only^  where 
unavoidable;  where  used,  a  sufficient  number  of  pin  plates  shall  be  provided  to  make  the  jaws  of 
twice  the  sectional  area  of  the  member.  At  least  one  of  these  plates  shall  extend  to  the  far  edge 
of  the  farthest  tie-plate,  and  the  balance  to  the  far  edge  of  the  nearest  tie-plate,  but  not  less  than 
6  in.  beyond  the  near  edge  of  the  farthest  plate. 

54.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected 
upon  the  turned  body  of  the  pin.  They  shall  be  secured  by  chambered  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

55.  Members  packed  on  pins  shall  be  held  against  lateral  movement. 

56.  Bolts. — ^Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.  A  washer  at  least  J-in.  thick  shall  be  used  under  the 
nut.  Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.  Heads  and  nuts 
shall  be  hexagonal.  '  ■ 

57.  Indirect  SpUces. — ^Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

58.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

59.  Expansion. — ^Provision  for  expansion  to  the  extent  of  J-in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point. 
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60.  Expansion  Bearings. — ^Spans  of  80  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfaces. 
These  expansion  bearings  shall  .be  designed  to  permit  motion  in  one  direction  only. 

61.  Fixed  Bearings. — Fixed  bearings  shall  be  firmly  anchored  to  the  masonry. 

62.  Rollers. — ^Expansion  rollers  shall  be  not  less  than  6  in.  in  diameter.  They  shall  be 
coupled  together  with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be 
readily  cleaned.     Segmental  rollers  shall  be  geared  to  the  upper  and  lower  plates. 

65.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing.     Spans  of  80  ft.  or  over  shall  have  hinged  bolsters  at  each  end. 

64.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distribute 
the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

65.  Andiorage. — ^Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift. 

66.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 

FLOOR  SYSTEMS. 

67.  Floorbeams. — ^Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders.  They 
shall  be  riveted  directly  to  the  girders  or  trusses  or  may  be  placed  on  top  of  deck  bridges. 

68.  Stringers. — ^Stringers  shall  preferably  be  riveted  to  the  webs  of  all  intermediate  floorbeams 
by  means  of  connection  angles  not  less  than  i-in.  in  thickness.  Shelf  angles  or  other  supports 
provided  to  support  the  stringer  during  erection  shall  not  be  considered  as  carrying  any  of  the 
reaction. 

69.  Stringer  Frames. — ^Where  end  floorbeams  cannot  be  used,  stringers  resting  on  masonry 
shall  have  cross  frames  near  their  ends.  These  frames  shall  be  riveted  to  girders  or  truss  shoes 
where  practicable. 

BRACING. 

70.  Rigid  Bracing. — ^Lateral,  longitudinal  and  transverse  bracing  in  all  structures  shall  be 
composed  of  rigid  members. 

71.  Portals. — ^Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the 
end  posts  and  top  chords.    Thev  shall  be  as  deep  as  the  clearance  will  allow. 

72.  Transverse  Bracing. — intermediate  transverse  frames  shall  be  used  at  each  panel  of 
through  spans  having  vertical  truss  members  where  the  clearance  will  permit. 

73.  ]^d  Bracing. — Deck  spans  shall  have  transverse  bracing  at  each  end  proportioned  to 
carry  the  lateral  load  to  the  support. 

74.  Laterals. — ^The  minimum  sized  angle  to  be  used  in  lateral  bracing  shall  be  5}  by  3  by  f-in. 
Not  less  than  three  rivets  through  the  end  of  the  angles  shall  be  used  at  the  connection. 

75.  Lateral  bracing  shall  be  far  enough  below  the  flange  to  clear  the  ties. 

76.  Tower  Struts. — ^The  struts  at  the  foot  of  viaduct  towers  shall  be  strong  enough  to  slide 
the  movable  shoes  when  the  track  is  unloaded. 

PLATE  GIRDERS. 

77.  Camber. — If  desired,  plate  girder  spans  over  50  ft.  in  length  shall  be  built  with  camber  at 
a  rate  of  -^-in.  per  10  ft.  of  length. 

78.  Top  Flange  Cover. — ^Where  flange  plates  are  used,  one  cover  plate  of  top  flange  shall 
extend  the  whole  length  of  the  girder. 

79.  Web  Stiffeners. — ^There  shall  be  web  stiffeners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  ^  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
dear  depth  of  the  web): 

<i-  — (12.000 -j). 
^" 

Where  d  »  clear  distance,  between  stiffeners  of  flange  angles. 
/  =  thickness  of  web. 
s  B  shear  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  16,  the  effective  length  being  assumed  as  one-half  the  depth  of  girders.  End  stiffeners 
and  those  under  concentrated  •loads  shall  be  on  fillere  and  have  thetr  outstanding  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.    Intermediate  snffeners  may  be 
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offset  or  on  fiUers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder  plus  2  in. 

80.  Stays  for  Top  Flanges. — ^Through  plate  girders  shall  have  their  top  flanges  stayed  at 
each  end  of  every  floorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  gusset  plates. 

TRUSSES. 

81.  Camber. — ^Tniss  spOLDs  shall  be  given  a  camber  by  so  proportioning  the  length  of  the 
members  that  the  stringers  will  be  straight  when  the  bridge  is  fully  loauied. 

82.  Rigid  Members. — Hip  verticals  and  similar  members,  and  the  two  end  panels  of  the 
bottom  chords  of  single  track  pin<x>nnected  trusses  shall  be  rigid. 

83.  Eye-bars. — ^The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces*in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

84.  Poor  Trusses. — Pony  trusses  shall  be  riveted  structures,  with  double  webbed  chords,  and 
shall  have  all  web  members  latticed  or  otherwise  effectively  stiffened. 


PART  SECONI>— MATERIALS  AND  WORKMANSHIP. 


V.    MATERIAL. 

85.  SteeL — Steel  shall  be  made  by  the  open-hearth  process. 

86.  Properties. — ^The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


Bfements  Cotuidered. 

Stnictuxal  Sted. 

Rivet  Sted. 

Sted  Castings. 

Phosphorus,  max..  {^*?^*;;; 
Sulphur,  maximum 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.04  per  cent 
0.04  per  cent 

0.05  per  cent 
0.08  per  cent 
0.05  per  cent 

Ultimate  tensile  strength. 
Pounds  per  square  inch 

Elong.,  min.  %,  in  8",  Fig.  i  { 

Elong.,  min.  %,  in  2",  Fig.  2. . 

Character  of  Fracture 

Cold  Bends  without  Fracture. 

Desired. 
60,000 
1,500,000* 

Desired. 

50,000 

1,500,000 

Not  less  than 
65,000 

15  per  cent 
f  Silky  or  fine 
\     granular 

90°  if  =  3< 

Ult.  tensile  strength 

22 

Silky 

i8o»  flatt 

Ult.  tensile  strength 

Silky 
180°  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

87.  In  order  that  the  ultimate  strength  of  full-sized  annealed  eye-bars  may  meet  the 
requirements  of  paragraph  163,  the  ultimate  strength  in  test  specimens  may  be  determined  by 
the  manufacturers;  all  other  tests  than  those  for  ultimate  strength  shall  conform  to  the  above 
requirements. 

88.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that 
desired,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lb. 
of  the  desired  ultimate. 

89.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the 
time  of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
permitted. 

90.  Specimens. — Plate,  shape  and  bar  specimens  for  tensile  and  bending  tests  shall  be  made 
by  cutting  coupons  from  the  finished  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig.  i ;  or  with  both  edges  parallel;  or  they  may  be  turned  to  a  diameter 
of  }-in.  for  a  length  of  at  least  9  in.,  with  enlarged  ends. 

91.  Rivet  rcxls  shall  be  tested  as  rolled. 

*  See  paragraph  96.        f  See  paragraphs  97,  98,  and  99.        {See  paragraph  loa 
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93.  Pin  and  roller  specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bar.  The  specimen  for 
tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending  test  shall  be 
one  inch  by  i-in.  in  section. 

93.  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importance  of 
the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  from. the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test  specimens 
to  be  of  the  form  prescribed  for  pins  and  rollers. 


Fig.  a. 


94.  Specimens  of  Rotted  Steel. — Rolled  steel  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolls. 

95.  Number  of  Tests. — ^At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  |-in.  and  more  in  thickness  is  rolled  from  one  melt« 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

96.  Modificatton  in  Elongation.— ^A  deduction  of  i  per  cent  will  be  allowed  from  the  specified 
percentage  for  elongation,  for  each  i-in.  in  thickness  above  }-in. 

97.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  MateriaL — ^Full-sized  material  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — ^Angles  }-in.  and  less  Jn  thickness  shall  open  flat,  and  angles  }-in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  bl  jws  of  a  hammer,  without  sign  of  fracture.  This 
test  shall  be  made  only  when  required  by  the  inspector. 

100.  indeed  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finiali. — Finished  material  shall  be  free  from  injurious  scams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  shall  have  rolled  edges. 

102.  Melt  Numbers.-7Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks 
on  an  attached  metal  tag. 

103.  DefectiTe  MateriaL — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at 
his  own  cost. 

104.  Variation  In  Wdgjht — ^A  variation  in  cnMs-section  or  weight  of  each  piece  of  steel  of 
more  than  2}  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to  apply 
to  single  plates,  when  ordered  to  weight: 

105.  Plates  12}  lb.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide,  2  J  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below. 
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106.  Plates  under  12}  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2  J  per  cent  above  or  below. 

ib)  Seventy-five  inches  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below, 
c)  One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

107.  Plates  when  ordered  to  gage  will  be  accepted  if  they  measure  not  more  than  o.oi  in. 
below  the  ordered  thickness. 

108.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cu.  in.  of  rolled 
steel  being  assumed  to  weigh  0.2833  1^-^ 


ThJcknen 
Ordcfod. 

Nominal 
WdghU. 

Width  of  Plate.                                                 { 

Up  to  75". 

7S"  and  up  to 

ICO". 

100"  and  up  to 
IIS". 

Over  IIS". 

I  -inch 

JL       (i 

1       « 

JL        M 

1      «i 

JL  ** 

Over  1     " 

10.20  lb. 

I2.7S   " 
15.30  " 

17.85  ;; 

2040  " 

22.95 :: 

25.50 " 

10  per  cent 
8       « 

7       " 

6       " 

S       " 

t  ■ 

3J     " 

14  per  cent 
12        " 
10       " 

8        " 

7       " 

6J      " 

6       " 

5        " 

18  per  cent 
16        " 

II  :: 
1,  :: 

8       " 
6J     " 

17  per  cent 
13        " 
12        " 
II        " 
10        " 
9        " 

109.  Cast-iron. — ^Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free  from 
flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbitration 
Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  ij  in.  in  diameter  and 
15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least  ^  in.  before 
rupture. 

1 10.  Wrooght-Iroii. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When  tested 
in  specimens  of  the  form  of  Fig.  i,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show  an  ultimate 
strength  of  at  least  50.000  Ib.  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in.,  with  fracture 
wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber,  through  1^5  degrees,  without  sign  of 
fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece  tested. 
When  nicked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  fibrous. 


VI.    INSPECTION  AND  TESTING  AT  THE  MILLS. 

111.  MUl  Orders. — ^The  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
material  shall  be  rolled  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
been  placed,  so  that  he  may  arrange  for  the  inspection. 

112.  Facilities  for  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured,  lie  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

1 13.  Access  to  Mills. — ^When  an  inspc»ctor  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

VII.    WORKMANSHIP. 

114.  GeneraL — ^All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bridge  works. 
Material  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
before  being  worked  in  the  shops. 

115.  Straightening. — Material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  that 
will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

1 16.  Finish. — Shearing  and  chipping  shall  be  neatly  and  accurately  done  and  all  portions  of 
the  work  exposed  to  view  neatly  finished. 

117.  Size  of  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 
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92.  Pin  and  roller  spedmens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bar.  The  specimen  for 
tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending  test  shall  be 
one  inch  by  i-in.  in  section. 

93.  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importance  of 
the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  from. the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test  specimens 
to  be  of  the  form  prescribed  for  pins  and  rollers. 


ISli*  x,,.P*ralfal  Section   _^ 
U^  I    'n«  leMihaiiio-.  -! 

— «5.j ,f'^ ;  ^ r-«    ^ 

I  •  f   f  •  •  •  Sr  •   •!  lAbfimt^ 

— >^  J;  J   J  '  ■     ^  I      -t 

"  Abound—-*——* 


Fig. 


94.  Specimens  of  Rolled  Steel. — Rolled  steel  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolls. 

95.  Number  of  Tests. — ^At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  |-in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

96.  Modification  in  Elongation. — ^A  deduction  of  i  per  cent  will  be  allowed  from  the  specified 
percentage  for  elongation,  for  each  i-in.  in  thickness  above  }-in. 

97.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  Material. — ^Full-sized  material  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — ^Angles  i-in.  and  less  in  thickness  shall  open  flat,  and  angles  }-in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  bl  jws  of  a  hammer,  without  sign  of  fracture.  This 
test  shall  be  made  only  when  required  by  the  inspector. 

100.  IQdied  Bends. — ^Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  shall  have  rolled  edges. 

102.  Melt  Nnmbers.-7Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks 
on  an  attached  metal  tag. 

103.  Defective  MateriaL — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at 
his  own  cost. 

104.  Variation  in  Wdgjht. — ^A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of 
more  tnan  2}  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to  apply 
to  single  plates,  when  ordered  to  weight: 

105.  Plates  I2i  lb.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide,  2|  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below. 
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io6.  Plates  under  12}  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2|  per  cent  above  or  below. 

ib)  Seventy-five  inches  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

107.  Plates  when  ordered  to  gage  will  be  accepted  if  they  measure  not  more  than  o.oi  in. 
below  the  ordered  thickness. 

108.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cu.  in.  of  rolled 
steel  being  assumed  to  weigh  0^833  ^^-^ 


Thickmets 
Ordered. 


Nominal 
WeishU. 


Width  of  Plate. 


Up  to  75". 


75"  and  up  to 
100". 


100"  and  up  to 
IIS". 


Over  115". 


J^-i„ch 


Over 


10.20  lb. 
12.7s  " 
15.30  « 
.7.8S 
20.40 

22.9s ;; 

2S.S0 


10  per  cent 

8  " 

7  " 

6  " 

S  " 

4i  " 

4  " 

3i  " 


14  per  cent 

12  " 

10  " 

8  " 

7  " 

6i  " 

6  " 

S  " 


18  per  cent 

16  " 

13  " 

10  " 

9  " 

8i  " 

8  " 

6i  " 


17  per  cent 
13  " 
12  " 
II  " 
10  " 
9       " 


10^.  Cast-Iron. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free  from 
flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbitration 
Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  i^  in.  in  diameter  and 
15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least  tV  in.  before 
rupture. 

no.  Wrought-Iron. — ^Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When  tested 
in  specimens  of  the  form  of  Fig.  i ,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show  an  ultimate 
strength  of  at  least  50,000  Ib.  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in.,  with  fracture 
wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber,  through  1^5  degrees,  without  sign  of 
fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece  tested. 
When  nicked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  fibrous. 


VI.    INSPECTION  AND  TESTING  AT  THE  MILLS. 

111.  Mill  Orders. — ^The  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
material  shall  be  rolled  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
been  placed,  so  that  he  may  arrange  for  the  inspection. 

112.  Facilities  for  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured,  lie  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

113.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

VII.    WORKMANSHIP. 

114.  General. — ^AU  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bridge  works. 
Material  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
before  being  worked  in  the  shops. 

115.  Strai^tening. — Material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  that 
will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

116.  Finish. — ^Shearing  and  chipping  shall  be  neatly  and  accurately  done  and  all  portions  of 
the  work  exposed  to  view  neatly  finished. 

1 17.  Size  of  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 
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1 1 8.  Rivet  Holes. — ^When  general  reaming  is  not  required,  the  diameter  of  the  punch  shall 
not  be  more  than  A-in.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more 
than  i-in.  greater  than  the  diameter  of  the  punch.  Material  more  than  }-in.  thick  shall  be 
sub-punched  and  reamed  or  drilled  from  the  solid. 

119.  Punchixig. — Punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes  will 
not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed.  Poor 
matching  of  holes  will  be  cause  for  rejection. 

120.  Reaming. — ^Where  sub-punching  and  reaming  are  required,  the  punch  used  shall  have  a 
diameter  not  less  than  A-in-  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  ^-in.  larger  than  the  nominal  diameter  of  the  rivet.     (See 

135O 

121.  Reaming  after  Assembling.* — [When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  so  firmly  bolted  together  that  the  surfaces 

'  shall  be  in  close  contact.  If  necessary  to  take  the  pieces  apart  for  shipping  and  handling,  the 
respective  pieces  reamed  together  shall  be  so  marked  that  they  may  be  reassembled  in  the  same 
position  in  the  final  setting  up.     No  interchange  of  reamed  parts  will  be  permitted.] 

122.  Reaming  shall  be  done  with  twist  drills  and  without  using  any  lubricant. 

123.  The  outside  burrs  on  reamed  holes  shall  be  removed  to  the  extent  of  making  a  A-in. 
fillet. 

124.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted.     (See  152.) 

125.  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

126.  Web  Stiff eners. — ^StiflFeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

127.  S[>Uce  Plate  and  Fillers. — ^Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i-in.  of  flange  angles.- 

128.  Web  Plates. — ^Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  i-in.,  unless  otherwise  called  for. 
When  webplates  are  spliced,  not  more  than  J-in.  clearance  between  ends  of  plates  will  be  allowed. 

129.  noorbeams  and  Stringers. — ^The  main  sections  of  floorbeams  and  stringers  shall  be 
milled  to  exact  length  after  riveting  and  the  connection  angles  accurately  set  flush  and  true  to 
the  milled  ends  t[or  if  required  by  the  purchaser  the  milling  shall  be  done  after  the  connection 
angles  are  riveted  in  place,  milling  to  extend  over  the  entire  face  of  the  member].  The  removal 
of  more  than  -/t-'m.  from  the  thickness  of  the  connection  angles  will  be  cause  for  rejection. 

130.  Rivetiiig. — Rivets  shall  be  uniformly  heated  to  a  light  cherry  red  heat  m  a  gas  or  oil 
furnace  so  constructed  that  it  can  be  adjusted  to  the  proper  temperature.  They  shall  Be  driven 
by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall  be  used  in  preference  to  hand 
driving. 

131.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  equal 
size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and 
calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

132.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  shall  make  a  driving  fit  with  the  threads  entirely 
outside  of  the  holes.     A  washer  not  less  than  }-in.  thick  shall  be  used  under  nut. 

133.  Members  to  be  Straight — ^Thc  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

134.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  beanngs  aifter  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

135.  neld  Connections. — Holes  for  floorbeam  and  stringer  connections  shall  be  sul>-punched 
and  reamed  according  to  parapaph  120,  to  a  steel  templet  not  less  than  one  inch  thick.  t[If 
required,  all  other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled 
in  the  shop  and  the  unfair  holes  reamed;  and  when  so  reamed  the  pieces  shall  be  match-marked 
before  being  taken  apart.] 

Ij6.  Eye-Bars. — ^Eyc-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists, 
folds  m  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or 
forging.     Welding  will  not  be  allowed.    The  form  of  heads  will  be  determined  by  the  dies  in  use 

*  See  Addendum,  clause  (d). 
t  See  Addendum,  clause  (0. 
X  See  Addendum,  clause  (e). 
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at  the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer 
shall  guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head 
and  neck  shall  not  vary  more  than  ^-in.  from  that  specified.     (See  163.) 

137.  Boring  Eye-Bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin-holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of 
the  same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  t^in.  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 

138.  Piii-HoIes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring 
shall  be  done  after  the  member  is  riveted  up. 

139.  The  distance  center  to  center  of  pin-holes  shall  be  correct  within  t'jrin.,  and  the  diameter 
of  the  holes  not  more  than  ^in.  larger  than  that  of  the  pin,  for  pins  up  to  5-in.  diameter,  and  ^ 
in.  for  larger  pins. 

140.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

141.  Screw  Threads. — ^Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  if  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

142.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

143.  Steel  Castings. — ^Steel  castings  shall  be  free  from  large  or  injurious  blowholes  and  shall 
be  annealed. 

144.  Welds. — ^Welds  in  steel  will  not  be  allowed. 

145.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  finishing  cut  of  the  planing  tool  shall  be  fine  and  correspond 
with  the  direction  of  expansion. 

146.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 

147.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten  rivets 
in  excess  of  the  nominal  number  required  for  each  size. 

148.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

149.  Weight. — ^The  scale  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

150.  Finished  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

VIII.    SHOP  PAINTING. 

•151.  Cleaning. — ^Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  pyen 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

152.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

153.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  an 
additional  coat  of  paint  before  leaving  the  shop. 

154.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal 
is  perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

155.  Machine-Finished  Surfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

IX.    INSPECTION  AND  TESTING  AT  THE  SHOPS. 

156.  Facilities  for  Inspection.— The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

157.  Starting  Work.— The  purchaser  shall  be  notified  well  in  advance  of  the  start  of  the  work 
m  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and  workmanship. 

158.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 

159.  Accepting  Material.— The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark. 
Any  piece  not  so  marked  may  be  rejected  at  any  time  and  at  any  stage  of  the  work.     If  the  in- 

*  See  Addendum,  clause  (b). 
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spector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or 
contrarv  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be 
rejected  by  the  purchaser. 

1 60.  Shop  Plaiis. — ^The  purchaser  shall  be  furnished  complete  shop  plans. 

161.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment.    These  shall  show  the  scale  weights  of  individual  pieces. 

X.    FULL-SIZED  TESTS. 

162.  Eye-Bar  Tests. — Full-sized  tests  on  eye-bars  and  similar  members,  to  prove  the  work- 
manship, shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by  the  purchaser  at 
contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the  members  repre- 
sented by  them  will  be  rejected. 

163.  In  eye-bar  tests,  the  minimum  ultimate  strength  shall  be  55,000  lb.  per  so.  in.  The 
eloneation  in  10  ft.,  including  fracture,  shall  be  not  less  than  15  per  cent.  Bars  shall  generally 
break  in  the  body  and  the  fracture  shall  be  silky  or  fine  granular,  and  the  elastic  limit  as  indicated 
by  the  drop  of  the  mercury  shall  be  recorded.  Should  a  bar  break  in  the  head  and  develop  the 
specified  elongation,  ultimate  strength  and  character  of  fracture,  it  shall  not  be  cause  for  rejection, 
provided  not  more  than  one-third  of  the  total  number  of  bars  break  in  the  head  (see  136). 

ADDENDUM  TO  GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES. 

POINTS  TO  BB  SPECIFICALLY  DBTBRMINED   BY  BUYERS  WHEN  SOLICITING   PROPOSALS  FOR  STEEL 

RAILWAY  BRIDGES. 

When  general  detail  drawings  are  not  furnished  for  the  use  of  bidders  specific  answers  should 
be  given  to  questions  a,  b  and  c,  below. 

Specific  answers  should  also  be  given  to  questions  d,  e  and  f  if  the  class  of  work  described  in 
any  of  the  paragraphs  there  referred  to  is  desired.  If  these  features  are  not  specifically  demanded, 
the  unbrackcted  paragraphs  will  be  construed  to  define  the  kind  of  work  desired. 

(a)  What  class  of  live  load  shall  be  used?     (Pars.  7  and  8.) 

(b)  Shall  linseed  oil  or  paint  be  used?    If  paint,  what  kind?    (Par.  151.) 

(c)  Shall  contractor  furnish  floor  bolts? 

(d)  Shall  general  reaming  be  done?     (Par.  121.) 

(e)  Shall  field  connections  be  assembled  at  the  shop?     (Par.  135.) 

(0   Shall  floor  connection  angles  be  milled  after  riveting?    (Par.  129.) 


INSTRUCTIONS  FOR  THE  DESIGN  OF  RAILWAY  BRIDGES.* 

The  following  instructions  for  the  design  of  the  details  of  railway  bridges  have  been  prepared 
by  the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  19 12. 

RIVETS  AND  RIVET  SPACING.— i.  For  conventional  signs,  actual  sizes  of  heads  and 
lengths  of  field  rivets  for  various  grips,  see  Fig.  10,  Chap.  XII,  and  Table  109,  Part  II. 

2.  Size. — Rivets  for  steel  bridge  work  shall  usually  be  f  in.  diameter,  except  where  limited 
by  size  of  material.  In  very  heavy  work,  where  rivets  of  long  grip  are  required,  such  as  in  the 
drums  of  draw  spans,  i  in.  rivets  are  preferable. 

3.  Flattened. — Rivet  heads  are  not  to  be  flattened  to  less  than  f  in.  high. 

4.  Countersunk. — Where  heads  less  than  f  in.  high  are  required,  they  shall  be  countersunk. 
The  conventional  signs  for  countersunk  rivets  mean  that  rivets  shall  be  countersunk  and  chipped. 
V^ere  chipping  is  not  required,  it  should  be  so  noted  on  the  drawing.  Countersunk  rivets  should 
be  avoided  whenever  possible. 

5.  Clearance  of  Heads. — In  determining  clearance  the  heights  of  heads  should  be  assumed 
as  follows: 

Full  head  f  in.  rivet }  in.  high 

Full  head  j  in.  rivet f  in.  high 

Full  head  {  in*  rivet A  in.  high 

Head  flattened  to  f  in.  rivet |  in.  high 

Countersunk,  not  chipped {in.  high 

6.  Spacing. — In  spacing  rivets  the  use  of  fractions  smaller  than  }  in.  should  be  avoided. 
Where  unavoidable,  locate  in  such  a  way  as  to  cause  the  least  number  of  repetitions. 

Locate  splices  and  stiff eners  with  a  view  to  keeping  the  rivet  spacing  as  regular  as  possible. 

7.  Stagger  and  Clearance. — For  distances  center  to  center  of  staggered  rivets  and  .clearance 
required  for  driving,  see  standards.  In  special  cases  where  the  prescribed  clearances  are  im- 
possible, allow  at  least  i  in.  clearance  for  }  in.  and  i  in.  rivets  and  fg  in.  for  f  in;  rivets,  from  the 
edge  of  the  rivet  head  to  the  nearest  surface  or  other  obstruction. 

In  the  connection  of  cross-frames  to  girders,  and  in  small  lug  angles  and  detail  angles,  rivets 
must  be  spaced  so  that  they  will  not  interfere  with  each  other  in  driving. 

In  girder  flange  angles,  the  rivets  in  the  "flange"  legs  should  stagger  at  least  i  in.  with  rivets 
in  the  "web"  legs,  but  should  be  staggered  uniformly. 

RIVETED  CONNECTIONS.— I.  Grouping.— Rivets  should  be  grouped  to  insure  that 
the  line  of  applied  stress  passes  as  near  as  possible  through  the  center  of  the  group  of  rivets  which 
resists  that  stress.  Where  the  eccentricity  is  marked,  the  stress  on  the  extreme  rivet  due  to  this 
eccentricity  shall  be  computed  and  when  properly  combined  with  the  direct  stress  shall  not  exceed 
the  allowable  stress  per  rivet. 

2.  Gusset  Plates. — Gusset  plates  shall  have  such  a  thickness  as  will  on  any  section  develop, 
in  bending  and  shear,  the  full  stress  which  has  been  transmitted  to  it  by  the  rivets  outside  the 
section. 

3.  Clearance. — ^The  clearance  between  chords  and  web  members  entering  same  and  other 
similar  riveted  connections  shall  be  not  less  than  }  in.  in  heavy  structures  and  ^  in.  in  light 
structures. 

PINS  AND  PIN  PACKING.— I.  Pins.— Pins  shall  be  proportioned  to  carry  the  reactions 
of  the  stresses  in  all  the  members  meeting  at  a  point  at  unit  stresses  specified.  In  computing 
bending  moment  on  pins,  assume  each  load  concentrated  at  its  center  of  bearing. 

2.  Pin  Packing. — Observe  the  following  rules  regarding  arrangement  of  eye-bars  and  pin 
plates: 

(i)  Arrange  pin  packing  so  as  to  reduce  bending  moment  on  pin  to  minimum. 

12)  Leave  at  least  A  in.  clearance  between  adjacent  surfaces. 

13)  Provide  an  additional  clearance  in  the  length  of  the  pin  of  not  less  than  }  in.  ^ 

(4)  When  two  or  more  pin  plates  are  riveted  together,  allow  A  in.  for  each  plate,  in  addition 
to  its  nominal  thickness. 

(5)  Where  hinge  plates  are  used  allow  J  in.  clearance  between  hinge  plates  and  faces  of  con- 
necting members. 

(6)  Adjacent  surfaces  of  eye-bars  composing  a  member  shall  have  a  clearance  of  }  in.  to 
allow  for  painting. 

(7)  AH  eye-bars  are  to  lie  in  planes  as  nearly  as  possible  parallel  to  the  center  line  of  truss, 
no  divergence  exceeding  one  inch  m  16  ft.  being  permitted. 

*  Prepared  by  the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.; 
Mr.  C.  F.  Loweth,  Chief  Engineer,  and  Mr.  J.  H.  Prior,  Office  Engineer. 
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(8)  Where  distance  between  adjacent  surfaces  is  f  in.  or  more,  filler  rings  shall  be  provided 
to  prevent  lateral  motion,  but  the  aggregate  length  of  such  filler  rings  shall  l^  }  in.  less  than  the 
neat  length  required,  after  making  necessary  allowances  for  packing. 

(9)  The  neat  grip  of  pins  shall  be  the  distance  out  to  out  of  outside  surfaces  after  making 
allowances  for  clearance. 

(10)  The  ordered  length  of  pins  between  shoulders  shall  exceed  the  neat  grip  by  the  following 
allowances: 

For  pins  of  3}  in.  diam.  or  less,  allow  I  in. 

For  pins  of  3}  in.  diam.  to  6  in.  diam.,  allow  i  iik 

For  pins  of  6f  in.  diam.  to  9^  in.  diam.,  allow  }  in. 

GIRDER  WEBS.— Width  of  Web  Plates.— On  deck  girders  the  web  must  usually  project 
}  in.  above  the  back  of  the  top  flange  angles,  to  receive  the  notches  in  the  track  ties,  except  for 
concrete  deck  floors  where  the  slabs  rest  on  a  top  cover  plate.  In  other  cases,  where  no  cover 
plates  are  required,  the  web  must  be  flush  with  the  top  flange  angles.  At  the  bottom  flange  in 
all  ckses,  and  at  the  top  flange  where  cover  plates  are  required,  the  web  may  be  set  back  }  m. 

Web  plates  shall  not  be  ordered  in  widths  having  a  fraction  of  an  inch  less  than  }  in. 

Thidmess. — Web  plates  should  have  a  minimum  thickness  of  ^  in.  At  web  splices  i  in. 
clearance  between  ends  of  web  plates  shall  be  allowed. 

Web  Splices  Location. — ^Web  splices  for  girders,  when  required,  should  preferably  be  placed 
near  the  third  or  quarter  points,  and  never  when  avoidable  at  the  point  of  maximum  moment. 

Size. — ^Web  splices  should  be  of  sufficient  width  to  take  two  lines  of  rivets  through  each 
section  of  the  web  spliced.  When  not  under  floorbeam  connection  angles,  }  in.  clearance  may  be 
allowed  top  and  bottom. 

Moment  Splices. — In  addition  there  should  be  splice  plates  on  the  vertical  legs  of  the  flange 
angles,  designed  to  splice  the  portion  of  the  web  covered  by  the  flange  and  where  thus  spliced,  the 
resisting  moment  on  the  web  may  be  taken  as  equivalent  to  that  of  i  of  its  gross  area  considered 
as  flange  section. 

Wiere  the  splice  plates  on  the  flange  angles  are  omitted,  the  rivets  in  the  flange  angles  for  a 
distance  of  one  foot  either  side  of  the  splice  may  be  considered  as  part  of  the  group  of  splicing  rivets, 
and  account  shall  be  taken  of  the  longitudinal  shearing  stress  on  these  rivets  as  wellas  the  stre^ 
due  to  the  splice. 

Riveting. — The  riveting  shall,  where  practicable,  be  such  as  to  develop  the  full  strength  of 
the  web,  and  shall  always  be  such  as  to  develop  the  actual  moment  carried  by  the  web  at  any  point; 
this  beinp^  determined  by  multiplying  the  total  moment  on  the  section  by  the  ratio  of  i  of  the  gross 
web  section  to  the  total  flange  area,  including  this  web  equivalent.  Splices  shall  also  be  designed 
to  carry  the  total  shear  on  the  section  due  to  the  assumed  loading. 

GutDSR  FLANGES.— I.  CompositioiL— At  least  i  of  the  area  of  the  flange  section  should 
consist  of  angles,  or  else  the  maximum  size  of  the  latter  be  used,  and  in  no  case  should  the  center 
of  gravity  of  the  flange  come  above  the  flange  angles.  For  location  of  center  of  gravity  for  various 
types  of  flange  and  sizes  of  material,  see  Table  SiB,  Part  II. 

2.  Composition  of  flanges  shall  preferably  be  as  follows: 
^i)  6"  X  6"  angles  without  cover  plates. 

(2)  6"  X  6"  angles  with  14  in.  or  16  in.  cover  plates. 

(3)  8"  X  8"  angles  with  17  in.  or  18  in.  cover  plates. 

(4)  8"  X  8"  angles  with  2  or  4-6"  X  4"  angles,  without  cover  plates.     (Type  A4.) 
Thickness  of  flanges  without  cover  plates  shall  not  be  less  than  -ft  the  width  of  the  outstanding 

leg  of  the  angle. 

3.  Net  Section. — The  riveting  in  the  tension  flan^  shall  be  computed  according  to  method 
shown  in  Tables  109  to  113,  Part  II.  Where  the  spacinp;  of  flange  rivets  is  not  known  in  advance, 
about  the  following  allowances  shall  be  made.  In  detailing  flange  riveting,  where  there  is  not  a 
considerable  excess  of  flange  section,  endeavor  to  keep  within  these  allowances: 

(i)  Flange  angles  without  cover  plates  and  without  lateral  bracing  connections,  each  angle — 
one  hole  out. 

(2)  Flange  angles  without  cover  plates,  but  with  lateral  connections,  each  angle — xi  holes 
out. 

(3)  Flange  angles  with  cover  plates,  each  angle — two  holes  out. 

(4)  Cover  plates — two  holes  out. 

4.  Cover  Plates. — Cover  plates  shall  have  the  same  thickness  or  shall  diminish  in  thickness 
from  the  flange  angle  out.  In  determining  length  of  cover  plates,  the  curve  of  maximum  moments 
shall  be  established  and  plates  shall  be  made  i  ft.  longer  at  each  end  than  the  theoretical  require- 
ment. 

5.  Flange  ^dices. — ^Flanges  shall  never  be  spliced  unless  it  is  impossible  to  get  material  of 
the  required  length.    Where  flange  splices  occur  the  following  requirements  shall  be  observed: 
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(i)  Splices  shall  always  be  located  at  points  where  there  is  ai^  excess  of  flange  section. 

(2)  No  two  parts  of  the  flange  shall  be  spliced  within  2  ft.  of  each  other. 

(3)  Flange  angles  shall  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  less  of 
the  angle  spliced.  Where  this  is  impossible,  the  largest  possible  splice  angle  shall  be  used,  and  the 
di£Ference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle. 

(4)  In  splicing  cover  plates  where  one  or  more  plates  intervene  between  the  splice  plate  and 
the  cover  plate  which  it  splices,  the  requirement  of  paragraph  57  of  the  A.  R.  E.  A.  Specifications 
for  Design  shall  be -observed. 

(5)  Rivets  in  splice  plates  and  angles  shall  be  located  as  close  together  as  possible,  in  order 
that  the  transfer  may  take  place  in  a  short  distance. 

(6)  No  allowance  shall  be  made  for  abutting  edges  of  spliced  members  of  the  compression 
flange. 

6.  Flange  Riveting. — Rivets  connecting  flange  to  the  web  shall  be  sufficient  to  resist  at  any 
point  the  longitudinal  shear  combined  with  any  load  that  is  applied  directly  to  the  flanges.  The 
wheel  loads  where  ties  rest  directly  on  the  flanges  shall  be  assumed  to  be  distributed  over  3  ft. 

The  pitch  of  rivets  between  flange  and  web  at  any  section  may  be  computed  by  the  formulas: 

For  through  girders,  p  —  R  *  d/S, 

For  deck  girders,  p 


V(i)M!y 


P  B  longitudinal  spacing  of  rivets  in  inches; 

R  =>  value  of  one  nvet  in  bearing  or  double  shear  in  pounds; 

d  s  distance  center  to  center  of  flanges  in  inches; 

5  a  total  maximum  shear  in  pounds  at  the  section,  reduced  in  the  ratio  of  the  net  area  of 

flange  angles  and  plates  to  the  net  area  of  flange  plus  i  the  gross  web  section. 
W  =  one  wheel  load  plus  100  per  cent  impact. 

7.  Maximnm  Spacing. — Maximum  spacing  of  rivets  between  flanges  and  web  shall  be: 

Top  flange,  deck  girders 3i  in- 
Top  flange,  through  girders 4I  in. 

For  convenience  in  shop  w6rk,  spacing  of  rivets  in  top  and  bottom  flanges  shall  be  exactly 
alike  where  possible. 

8.  Rivets  in  Cover  Plates. — ^Where  it  is  necessary  to  compute  spacing  of  rivets  connecting 
cover  plates  to  flange  angles,  the  following  formula  may  be  used: 

p  ^  n  '  R  '  d/S  X  A/a 

where  R  ^^  value  of  one  rivet  in  single  shear  or  bearing; 

n  =  number  of  rivets  on  one  transverse  line  through  cover  plates  and  flanges; 

a  ™  total  area  of  cover  plates  at  section; 

A  —  area  of  entire  flange  at  section; 

S  and  d,  as  in  section  6,  "Flange  Riveting." 
The  pitch  as  computed  by  this  formula  shall  be  diminished  15  per  cent  for  every  cover  plate 
more  than  one.     Rivets  in  cover  plates  shall  preferably  stagger  half  way  with  the  rivets  in  the  verti- 
cal legs  of  the  flange  angles.    The  maximum  spacing  shall  be  6  in. 

9.  Circular  Ends. — ^For  through  spans  with  circular  ends,  the  end  angles  should  be  spliced  near 
the  ends,  as  the  full  length  angles  cannot  be  handled  in  making  the  bends. 

Rivets  through  cover  plates  on  circular  ends  must  be  spaced  close  enough  to  draw  the  plates 
tight  against  the  angles.    The  smaller  the  radius,  the  closer  rivets  should  be  spaced. 

10.  Overrun  of  Angles. — In  plate  girders  whose  top  flange  is  composed  of  four  or  more  angles, 
about  I  in.  should  be  allowed  between  the  edges  of  angles  to  allow  for  overrun. 

11.  Gage  in  Cover-Plates.— On  girders  which  are  similar,  but  which  have  webs  of  different 
thickness,  the  gage  in  the  angles  should  be  left  the  same  and  the  gage  in  the  cover  plate  varied  to 
suit  the  web  thicKness. 

GIRD£R  STIFFENERS. — ^Intermediate  Stiffeners. — ^Intermediate  stiffeners,  except  at  con- 
centrated load,  may  be  offset,  and  shall  bear  tightly  against  top  and  bottom  flange.  The  ordered 
lenp:th  of  offset  stiffener  angles  shall  be  the  finished  length  plus  the  thickness  of  each  angle  over 
which  it  is  offset. 

Size  of  Stiffeners. — In  general,  the  minimum  size  of  stiffeners  bearings  against  6"  X  6" 
flan^  angles  shall  be  5"  X  3i"  X  i",  and  against  8"  X  8"  flange  angles  shall  be  6"  X  si" 

Field  riveted  stiffeners  at  floorbeams  of  through  girders  may  have  t  in.  clearance  at  the  top. 
Fillers  under  end  stiffeners  and  under  concentratwi  loads  must  bear  on  bottom  flange,  but  may. 
have  i  in.  clearance  at  top. 
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Rivets  in  Stiffeners. — Rivets  in  stiffener  angles  may  have  the  maximum  spacii^,  except  that: 

(a)  Rivets  in  end  stiffeners  and  stiffeners  at  concentrated  loads  shall  develop  the  full  computed 
stress  in  the  stiffeners. 

(b)  Spacing  of  rivets  in  end  stiffeners,  intermediate  stiffeners,  and  web  splices  shall  be  identi- 
cal, except  that  rivets  in  any  line  may  be  omitted  where  possible  without  exceeding  the  maximum 
specified  pitch,  in  order  to  minimize  shop  work  of  punching. 

Holes  for  Hand-Hooks. — All  stiffeners  on  deck  girders  with  concrete  decks  and  ballast  floors 
should  have  holes  punched  in  the  outstanding  legs  tor  inserting  hand-hook  to  support  a  person 
inspecting  bridge.  Holes  should  be  |)  in.  diameter  and  located  6  in.  from  top  flange  on  shallow 
girders  and  6  ft.  from  bottom  flange  on  deep  girders.  Gage  line  of  hole  to  be  i^  in.  from  outer 
edge  of  angle. 

STRINGERS  AND  FLOORBEAMS.— i.  Stringers.— Stringers  for  through  girder  spans 
may  be  either  I-beams  or  built  girders.  Where  I-beams  are  used  two  stringers  shall  be  placed 
under  each  rail.  Depth  of  stringers  shall  depend  on  available  distance  from  base  of  rail  to  "low 
bridge";  depth  shall  be  preferably  i  to  i,  but  not  less  than  ^,  the  panel  length. 

2.  Floorbeams. — Depth  of  floorbeams  shall  be  such  as  to  allow  stringers  to  be  framed  readily 
into  the  web,  and  not  less  than  i  of  the  distance  center  to  center  of  girders  or  trusses. 

3.  Stringer  Connections. — ^Stringers  shall  be  riveted  to  webs  of  floorbeams  with  f  in.  con- 
nection angles.  Connection  angles  are  to  be  faced  to  provide  uniform  bearing  against  webs  of 
floorb&ims.     Make  stringers  ^  m.  short  at  each  end  for  clearance  in  erecting. 

4.  Floorbeams  for  Through  Girders. — ^The  gusset  plates  connecting  floorbeams  to  main 
girders  shall,  wherever  possible,  extend  to  the  top  of  the  girder  and  shall  have  an  angle  riveted 
along  the  edge,  to  form  an  effective  stay  for  the  top  flange  of  the  main  girder,  and  they  shall  also 
form  the  webs  of  the  end  portions  of  the  floorbeams,  extending  out  toward  the  center  as  far  as  the 
clearance  line  will  allow,  and  being  there  spliced  to  the  main  web. 

5.  Floorbeams  for  Truss  Brieves. — Floorbeams  for  truss  spans  shall  preferably  be  riveted  to 
the  vertical  posts  or  hangers,  extending  the  connection  angle  above  the  top  flange  where  necessary 
to  secure  sufficient  rivets.  When  it  is  necessary  to  cut  away  the  lower  comer  of  the  floorbeam  to 
clear  the  chord,  special  care  shall  be  taken  to  so  reinforce  the  web  as  to  carry  the  end  shear  into 
the  connection  angles.  

TRUSS  AND  TOWER  ICEMBERS. — i.  Top  Chord  and  End-post— The  top  chord  and 
the  inclined  end-post  shall  usually  consist  of  two  built  channels,  with  a  thin  cover  plate  on  top 
and  with  bottom  flanges  latticed.  The  bottom  flanges  shall  bo  made  heavier  than  the  top,  in 
order  that  the  gravity  axis  may  come  as  close  as  possible  to  the  center  line  of  the  webs. 

2.  Verticals  and  Rigid  Tension  Members. — Intermediate  posts  shall  usually  consist  of  two 
rolled  or  built  channels  latticed.  Hip  verticals  and  similar  members  and  the  two  end  panels 
of  the  bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid,  and  ma^  consist  either 
of  two  rolled  or  built  channels  latticed;  or  of  four  angles  latticed  to  form  an  I-section. 

3.  Bye-bars. — Eye-bars  shall  be  used  for  all  bottom  chord  members  and  main  diagonals  that 
do  not  require  to  be  stiffened  in  pin-connected  trusses.  Dimensions  of  heads  shall  be  according 
to  manufacturers  shop  standard.  Length  of  eye-bars  shall  be  given  on  the  drawings,  center  to 
center  of  pin  holes,  and  also  back  to  back  of  pin  holes. 

d.  Eccentricity. — ^The  line  of  applied  force  must  coincide  with  the  gravity  axes  of  built 
members  or  else  the  member  must  be  designed  for  combined  direct  stress  and  flexure  due  to  the 
eccentricity  of  the  applied  load. 

5.  Bending  Dne  to  Weight — Bending  moment  in  the  top  chord  and  end-post  due  to  weight 

of  member  may  be  computed  by  the  approximate  formula,  -r  dr  M'c/I,  where  P  «  total  direct 

stress  in  the  member;  A  «  gross  area  of  the  section  of  the  member;  M  «  bending  moment  at  the 
section  of  the  member  in  in.-lb.;  c  *  distance  to  extreme  fiber;  and  /  ">  moment  of  inertia  of  the 
section  of  the  member,  and  the  stress  from  such  bending  shall  be  deducted  from  the  average 
compressive  stress  allowed  by  the  column  formula. 

6.  Bending  In  End-posts. — In  computing  stresses  in  the  end-post  of  through  pin-connected 
trusses,  due  to  wind  force,  where  the  end-post  consbts  of  two  built  or  rolled  channels,  if  the  product 
of  the  wind  reaction  in  the  top  chord  times  one-half  the  distance  from  the  foot  of  the  post  to  the 
lowest  connection  of  the  portal  bracing  does  not  exceed  the  product  of  the  dead  load  stress  in  one 
of  the  channels  composing  the  end-post  times  the  distance  center  to  center  of  the  bearings  of  the 
channels  on  the  pin,  the  post  may  be  considered  fixed-ended  and  the  point  of  contra-flexure 
assumed  midway  between  the  foot  of  the  post  and  the  lower  connection  of  the  portal  bracing. 
Otherwise  it  must  be  con^dered  pin-connected.  The  end-posts  of  riveted  through  tniases  shall 
be  considered  as  fixed-ended  columns. 

7.  Over-ran  of  Angles. — ^Where  side  plates  are  used  on  chord  sections  placed  between  the 
flange  angles,  at  least  }  in.  clearance  shoidd  be  allowed  between  the  edges  of  the  plate  and  the 
angles  to  allow  for  over-run  of  angles. 
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8.  Cletnuice  for  RlTeting. — ^When  flanges  of  angles  and  channels  of  built  members  are  turned 
in.  5i  in.  opening  between  edges  of  angles  or  channels  is  required  to  rivet  the  tie  plates  and  lacing. 

LATERAL  AND  SWAY  BRACING.— i.  Minimum  Sizes.— The  minimum  size  of  angles 
to  be  used  i^  bracings  shall  be  3i"  X  3"  X  I".  Not  less  than  three  rivets  shall  be  used  in  the 
connection. 

3.  Effectiye  Section. — ^Where  single  angles  are  used  for  bracing  members  without  lug  angle? 
connecting  the  outsUnding  leg  to  the  gusset  plates,  not  more  than  80  per  cent  of  the  net  section,  if 
ia  tension,  shall  be  considered  as  effective. 

Where  single  angles,  used  for  bracing  members,  have  lug  angles  connecting  their  outstanding 
legs  to  the  gusset  plates,  and  where  the  center  of  the  group  of  connecting  nvets  in  the  gusset 
plates  fall  close  to  the  gravity  line  of  the  angle,  in  plan,  90  per  cent  of  the  net  section  may  be 
considered  effective. 

3.  Double  Diagonal  Systems. — In  double  diagonal  systems  the  shear  due  to  wind  force  shall 
be  considered  as  carried  wholly  by  one  diagonal  in  tension,  but  the  maximum  value  of  //r  »  120, 
specified  for  bracing  members,  shall  not  be  exceeded.  In  assuming  "r**  the  connection  of  di- 
agonals at  their  intersection  mav  be  considered  as  offering  support  against  deflection  in  the  plane 
of  the  system,  but  not  against  cleflection  perpendicular  thereto. 

4.  Bending  at  Connections.— Connections 'between  bracing  members  and  chords  shall  be 
designed  to  avoid  as  far  as  possible  any  bending  stress  in  main  truss  members. 

5.  Allowance  for  Draw. — ^For  diagonal  bracing  of  one  or  two  angles  the  following  draw 
should  be  allowed: 

For  lengths  up  to  10  ft.  No  Allowance, 

from  10  to  21  ft.  Allow  ^  in. 

from  21  to  35  ft.  Allow  |  in. 

over  35  ft.  Allow  A  in. 

The  use  of  thirty-seconds  of  an  inch  should  be  avoided  but  the  above  allowances  should  not  be 
varied  by  more  than  tV  ^^' 

LATERAL  BRACING.— i.  Lateral  Bracing.— Lateral  bracing  shall  be  in  general  as  follows: 
(i)  Deck  girders  and  top  flanges  of  stringers  15  ft.  long  and  over;  single  diagonal  system  with 
transverse  struts,  composed  of  single  angles.     Slope  of  diagonals  45**  to  60"  with  axis  of  bridge. 

(2)  Through  girders:  Double  diagonal  system  of  same  panel  length  as  floor  system,  com- 
posed of  single  angles;  floorbeams  to  act  as  the  transverse  struts  of  the  system. 

(3)  Trusses,  loaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  systems, 
composed  of  single  angles,  or  double  angles  back  to  back;  floorbeams  to  act  as  the  transverse 
struts  of  the  system. 

(4)  Trusses,  unloaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  system 
with  transverse  struts  at  panel  points;  all  composed  of  two  or  four  angles  laced  to  form  a  channel 
or  I-section,  of  depth  equal  to  depth  of  chords. 

2.  Traction  Stresses. — ^The  lateral  system  in  the  plane  of  the  loaded  chord  of  truss  spans  and 
of  through  girder  spans  shall  be  effectively  riveted  to  the  stringers  at  intersections,  and  the  diagonal 
shall  be  designed  to  transmit  the  traction  for  one  panel  length  of  track  to  the  panel  point;  one 
diagonal  for  each  stringer  considered  acting  in  tension. 

3.  Clipping  Angles  for  Clearance. — ^The  vertical  leg  of  laterals  should  be  clipped  at  the  end 
when  there  is  a  possibility  that  the  square  corner  would  interfere  in  any  way  with  putting  in  the 
laterals  or  rivetmg  up.  This  is  to  be  particularly  looked  out  for  at  floorbeam  connections  of 
through  girder  spans  and  in  top  laterals  of  Type  A4  girder  spans. 

4.  Squaring  of  Holes  in  Connections. — ^Where  laterals  are  riveted  to  stringers  the  holes 
should  be  squared  with  the  stringers,  if  possible.  At  the  intersection  of  diagonals,  the  holes  in 
splices  with  two  lines  of  rivets  should  be  squared  with  lateral  and  skewed  on  the  splice  plate. 

5.  Tie  Plates  and  Lacing  Symmetrical. — ^Where  laterals  have  tie  plates  or  tie  plates  and  lacing 
bars,  they  should  be  detailed  symmetrically  so  that  the  angles  will  be  identical  by  turning  end  for  end. 

6.  Lateral  Plates  C3  and  C4  Spans.— The  lateral  plates  of  Type  C3  and  Type  C4  girder 
spans  (flanges  two  angles  and  cover  plates)  should  not  be  shop  riveted  to  the  girders,  as  it  is 
impossible  to  put  in  floorbeam  connection  angles  when  this  is  done. 

TRANSVERSE  BRACING.— I.  Transverse  bracing  shall  be  used  as  follows: 
(i)  At  intervals  of  not  more  than  15  ft.  on  deck  girder  spans.  Intermediate  frames  shall  be 
of  minimum  material.  End  frames  shall  be  designed  to  carry  to  the  abutment  the  total  lateral 
forces  acting  on  the  top  flange.  End  frames  of  skew  deck  girders  shall  be  placed  at  the  end 
of  the  short  girder,  and  at  right  angles  to  same.  Top  and  bottom  lateral  diagonal  braces  shall 
be  used  to  stay  the  end  of  the  long  prder. 

(3)  As  spacers  for  stringers  resting  on  masonry  where  end  floorbeams  cannot  be  used.  These 
frames  shall  be  riveted  to  girders  or  truss  shoes  where  practicable. 

(3)  As  spacers  for  stringers  at  all  expansion  points. 

(4)  At  end  panel  of  through  truss  spans,  having  vertical  truss  members.  These  frames 
shall  be  as  deep  as  clearance  will  permit. 
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(5)  Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the  end-posts 
and  top  chords.  They  shall  be  as  deep  as  clearance  will  allow,  and  shall  be  designed  to  carry  to 
the  abutment  the  total  wind  force  acting  on  the  top  chord. 

(6)  At  panel  points  of  deck  truss  spans,  having  vertical  members.  Intermediate  frames 
shall  be  designed  to  carry  i  the  panel  concentration  of  wind  and  centrifugal  force  to  the  bottom 
chord  and  the  end  frame  shall  be  designed  to  carry  i  the  total  wind  and  centrifugal  force  acting 
on  the  top  chord  to  the  abutment. 

Frames  for  (i),  (2)  and  (3)  shall  consist  of  single  angle  struts,  top  and  bottom  and  double 
diagonals.  Frames  for  (4)  may  consist  of  knee  braces  attached  to  the  top  lateral  struts,  but  pre- 
ferably where  clearance  permits,  of  light  open  webbed  girder.  Portal  frames  shall  consist  of  open 
webbed  girders,  with  knee  braces  connections  to  inclined  posts.  Frames  for  (6)  shall  consist  of 
double  diagonals  running  between  floorbeams  and  lower  lateral  struts  and  composed  of  two  angles 
back  to  back,  or  of  two  or  four  angles  laced. 

2.  Diaphragms  for  Twin  Deck  Spans. — Diaphragms  connecting  two  pairs  of  twin  girders 
are  to  be  omitted  on  shallow  spans.  Where  the  girders  exceed  3  ft.  6  in.  in  depth,  diaphragms  shall 
be  added  for  rigidity.     They  shall  be  connected  to  girders  with  field  bolts. 

3.  End  Cross  Frames  and  Diaphragms. — In^the  design  and  location  of  end  cross  frames  and 
diaphragms  their  shape  and  position  shall  be  such  as  to  give  access  to  the  space  between  the 
girders  for  inspection,  painting  and  the  placing  of  anchor  bolts. 

REFERENCES. — For  the  calculation  of  the  stresses  in  railway  bridges  and  for  additional 
details  and  the  details  of  design,  the  following  books  may  be  consulted:  Merriman  &  Jacoby's 
"  Roofs  and  Bridges,"  Part  I,  Stresses;  Part  II,  Graphic  Statics;  Part  III,  Bridge  Design;  Part  IV, 
Higher  Structures;  Johnson,  Bryan  and  Turneaure's  "Framed  Structures,"  Part  I,  Stresses, 
Part  II,  Statically  Indeterminate  Structures  and  Secondary  Stresses;  Part  III,  Design  (in  prep- 
aration); Marburg's  "Framed  Structures,"  Part  I,  Stresses;  Spofford's  "Theory  of  Structures," 
stresses  in  structures;  DuBois's  "Framed  Structures";  Burr  and  Falk's  "Design  and  Construction 
of  Metallic  Bridges";  Skinner's  "Details  of  Bridge  Design,"  Parts  I,  II,  III;  Moore's  "Design 
of  Plate  Girders";  Ketchum's  "The  Design  of  Highway  Bridges,"  stresses,  details  and  design. 


CHAPTER  V. 
Retaining  Walls. 

Introductioii. — ^A  retaining  wall  is  a  structure  which  sustains  the  lateral  pressure  of  earth  or 
some  other  granular  mass  which  possesses  some  frictional  stability.  The  pressure  of  the  material 
supported  will  depend  upon  the  material,  the  manner  of  depositing  in  place,  and  upon  the  amount 
of  moisture,  and  will  vary  from  zero  to  the  full  hydraulic  pressure.  If  dry  clay  is  loosely  deposited 
behind  the  wall  it  will  exert  full  pressure,  due  to  this  condition.  In  time  the  earth  may  become 
consolidated  and  cohesion  and  moisture  make  a  solid  clay,  which  may  cause  the  bank  to  shrink 
away  from  the  wall  and  there  will  be  no  pressure  exerted.  On  the  other  hand  all  cohesion  may 
be  destroyed  by  the  vibration  of  moving  loads  or  by  saturation,  and  the  maximum  theoretical 
pressures  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fluid,  without  cohesion, 
of  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The 
effect  of  cohesion  and  of  limiting  the  extent  of  the  mass  is  considered  in  the  author's  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Nomendatore. — ^The  following  nomenclature  will  be  used: 

^  =  the  angle  of  repose  of  the  filling. 

^'  »  the  angle  of  friction  of  the  filling  on  the  back  of  the  wall. 

B  s  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  passing  through  the  heel  of  the 
wall  and  extending  from  the  back  into  the  fill. 

i  »  angle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horizontal;  h  is 
positive  when  measured  above  and  negative  when  measured  below  the  horizontal. 

z  a  the  angle  which  the  resultant  earth-pressure  makes  with  a  normal  to  the  back  of  the  wall. 

X  »  the  ai^le  between  the  resultant  thrust,  P,  and  a  horizontal  line. 

h  =  the  vertical  height  of  the  wall  in  feet. 

d  »  the  width  of  the  base  of  the  wall  in  feet. 

b  »  the  distance  from  the  center  of  the  base  to  the  point  where  the  resultant  pressure,  E,  cuts 
the  base. 

P  »  the  resultant  earth-pressure  per  foot  of  length  of  wall. 

E  s  the  resultant  of  the  earth-pressure  and  the  weight  of  the  wall. 

w  s  the  weight  of  the  filling  per  cubic  foot. 

W  s  the  total  weight  of  the  wall  per  foot  of  length  of  wall. 

pi  s  the  pressure  on  the  foundation  due  to  direct  pressure. 

Pi  s  the  pressure  on  the  foundation  due  to  bending  moments. 

P  B  the  resultant  pressure  on  the  foundation  due  to  direct  and  bending  forces. 

y  B  the  depth  of  foundation  below  the  earth  surface. 

Calculatioii  of  the  Pressure  on  Retaining  Walls. — ^To  fully  determine  the  pressure  of  the 
filling  on  a  retaining  wall  it  is  necessary  that  the  resultant  of  the  pressure  be  known  (a)  in  amount, 
(6)  in  line  of  action,  and  {c)  in  point  of  application.  Many  theories  have  been  proposed  for 
finding  the  presstu^,  eacb  differing  somewhat  as  to  the  assumptions  and  results.  All  theories 
for  the  design  of  retaining  walls  that  have  any  theoretical  basis  come  in  two  classes:  (i)  the  Theory 
of  Conjugate  Pressures,  due  to  Rankine,  and  commonly  known  as  Rankine*s  Theory,  and  (2) 
the  Theory  of  the  Maximum  Wedge,  probably  first  proposed  by  Coulomb,  and  commonly  known 
as  Coulomb's  Theory.  Rankine's  Theory  determines  the  thrust  in  amount,  in  line  of  action,  and 
in  point  of  application.  In  Coulomb's  Theory,  with  the  exception  of  Weyrauch's  solution,  the 
line  of  action  and  point  of  application  must  be  assumed,  thus  leading  to  numerous  solutions  of 
16  225 
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more  or  less  merit.  All  solutions  based  on  the  theory  of  the  wedge  assume  that  the  resultant 
thrust  is  applied  at  one-third  the  height  for  a  wall  with  a  level  or  inclined  surcharge,  as  is  given 
by  Rankine;  but  the  resultant  is  assumed  as  making  angles  with  a  normal  to  the  back  of  the 
wall  varying  from  zero  to  the  angle  of  repose  of  the  filling.  In  Rankine's  solution  the  resultant 
pressure  is  parallel  to  the  plane  of  the  surcharge  for  a  vertical  wall  with  a  level  or  positive  surcharge. 

(i)  RANKINE'S  THEORY. — In  this  theory  the  filling  is  assumed  to  consist  of  an  incom- 
pressible, homogeneous,  granular  mass,  without  cohesion,  the  particles  are  held  in  position  by 
friction  on  each  other;  the  mass  being  of  indefinite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundation,  and  being  subjected  to  its  own  weight.  The  principal  and  conju- 
gate stresses  in  the  mass  are  calculated,  thus  leading  to  the  ellipse  of  stress.  In  the  analysis  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  is  equal  to  the  angle  of  internal  friction,  and  (b)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  these  laws  have  been  verified  by  experiments  on  semi- 
fhllds.  Rankine  deduced  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horizontal  surcharge,  and  on  a  vertical  wall  with  a  surcharge  equal  to  S,  an  angle 
equal  to  or  less  than  the  angle  of  repose.  The  general  case  is  best  solved  by  constructing  the 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  has 
extended  Rankine's  solution  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  so  that  it  is 
perfectly  general. 

Rankine's  Formulas. — ^With  a  vertical  wall  and  a  horizontal  surcharge,  Fig.  i,  the  total 
resultant  pressure  is 

I  •—  sin  0 


P  =  iw'h* 


I  +  sin  0 


(I) 


where  w  is  the  weight  of  the  filling  in  lb.  per  cu.  ft.,  h  is  the  depth  of  the  wall  in  feet,  0  is  the  angle 
of  repose  of  the  filling,  and  P  is  the  resultant  pressure  on  the  wall  in  pounds.  The  resultant 
pressure,  P,  will  be  horizontal. 


Fig.  I. 

For  a  vertical  wall  with  surcharge  at  an  angle  5,  Fig.  2,  the  pressure  is  given  by  the  formula 
P  -  Jw*«-co8«* 


^  cos  5  —  Vcos*  6  —  cos*  ^ 


C0fl«  4-Vc08««  — C08«^ 


Where  5  is  equal  to  ^,  formula  (2)  becomes 


(2) 


(3) 


The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface  for  a  vertical  wall  with  a  level 
or  a  positive  surcharge  (many  authors  have  incorrectly  assumed  that  the  resultant  pressure  is 
always  parallel  to  the  top  surface  of  the  surcharged  filling). 

Indined  Retaining  WalL — ^The  pressure  on  an  inclined  retaining  wall  may  be  calculated  by 
means  of  the  ellipse  of  stress — see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators.** 
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The  pressure  on  an  inclined  retaining  wall  may  also  be  calculated  by  means  of  the  graphic  solution 
shown  in  Fig.  3  if  the  direction  of  the  thrust  be  known.  From  Rankine's  theory  we  know  that 
the  resultant  pressure  on  a  vertical  retaining  wall  is  always  ptarallel  to  the  top  surface  where  the 
surcharge  is  level  or  is  inclined  upwards  away  from  the  wall.  The  pressure  on  a  retaining  wall 
inclined  away  from  the  filling  may  then  be  calculated  as  follows: 


Fig.  3.    Pressure  on  an  Inclined  Retaining  Wall. 

In  Fig.  3  the  retaining  wall  A  CDB  sustains  the  pressure  of  a  filling  having  an  angle  of  repose 
0,  and  sloping  up  away  from  the  top  of  the  wall  at  an  angle  6.  Calculate  P'  the  pressure  on  the 
plane  E-B  by  means  of  formula  (2).  P'  acts  at  a  point  iEB  above  B  and  is  parallel  to  the 
top  surface  DE,  Let  the  weight  of  the  triangle  of  filling  DBE  be  G,  which  acts  through  the 
centef  of  gravity  of  the  triangle  and  intersects  P'  at  point  0.  Then  Pj,  the  resultant  of  P' 
and  G,  will  be  the  resultant  pressure  at  0,  and  makes  an  angle  s  with  a  normal  to  the  back  of  the 
wall,  and  an  angle,  X  =  ^  +  «  —  90**  with  the  horizontal. 

(2)  COULOliB'S  THEORY.— In  this  theory  it  is  assumed  that  there  is  a  wedge  having 
the  wall  as  one  side  and  a  plane  called  the  plane  of  rupture  as  the  other  side,  which  exerts  a  maxi- 
mum thrust  on  the  wall.  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  filling  and 
the  back  of  the  wall.  It  may  coincide  with  the  plane  of  repose.  For  a  wall  without  surcharge 
(horizontal  surface  back  of  the  wall)  and  a  vertical  wall  the  plane  of  rupture  bisects  the  angle 
between  the  plane  of  repose  and  the  back  of  the  wall.  This  theory  does  not  determine  the  direc- 
tion of  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  the  resultant 
pressure. 

Algebraic  Method. — In  Fig.  4,  the  wall  with  a  height  h^  slopes  toward  the  earth,  being  in- 
clined to  the  horizontal  at  an  angle  9,  and  the  earth  has  a  surcharge  with  slope  S,  which  is  not 
greater  than  0,  the  angle  of  repose.  It  is  required  to  find  the  pressure  P  against  the  retaining 
wall,  it  being  assumed  that  the  resultant  pressure  makes  an  angle  z  with  the  back  of  the  wall. 

It  is  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
line  A  E,  will  produce  the  maximum  pressure  on  the  wall  and  on  the  earth  below  the  plane,  and 
that  in  turn  the  prism  will  be  supported  by  the  reactions  of  the  wall  and  the  earth.  Let  OW 
represent  the  weight  of  the  prism  ABE,  the  length  of  the  prism  being  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  wall,  and  OR  be  the  reaction  of  the  earth  below. 

Now  the  forces  OW,  OP,  and  OR  will  be  concurrent  and  will  be  in  equilibrium;  OP  and  OR 
will  therefore  be  components  of  OW.    When  the  prism  ABE  is  just  on  the  point  of  moving  OP 
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will  make  an  angle  with  a  normal  to  the  back  of  the  wall  equal  to  s  (different  authorities  assume 
values  of  s  from  zero  to  0',  the  angle  of  friction  of  earth  on  masonry,  or  ^,  the  angle  of  repose  of 
earth);  while  OR  will  make  an  angle  with  the  normal  to  the  plane  of  rupture  AE  equal  to  ^. 
Let  P  represent  the  pressure  OP  against  the  wall,  W  represent  the  weight  of  the  prism  of  earth, 
and  w  the  weight  per  cu.  ft. 


X 


c 


Fig.  4. 


In  the  triangle  OWR  angle  WOR  -  x  -  0,  and  angle  ORW  »«  +  *+»-«.  Through  E 
draw  EN,  making  the  angle  AEN  -^  +  *H-»  —  «  with  AE.  Then  the  triangle  AEN  is 
similar  to  triangle  ORW,  and 


W 


EN 
AN' 


and 


P  "W 


EN 


But  W equals  warea  triangle  ABE 

P  -  Jw-sin  ($  -  «) 


AN 
iwAB-BE-m  ie  -  5),  and 
AB'BE'EN 


AN 


(4) 


Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  x,  which 
may  be  found  by  differentiaring  (4)  and  placing  the  result  equal  to  zero. 
Differentiating  and  substituting  in  (4)  and  reducing  we  have 

sin*  (e  "-  ») 


•  •  ^    •    /-I     \  f  ,    t     /sin  (s  +  0)-sin  (*  -  «)  V 
sin*  ^-sm  (e  +  s)  {   I  +  A/  -■    )^  \     i    .    )l — it  1 
'  \  >  sm  (5  +  f)  -sm  (5  —  «)  / 


which  is  the  general  formula  for  the  pressure  on  a  retaining  walL 

Now  if  s  in  (5)  is  made  equal  to  ^',  the  angle  of  repose  of  earth  on  the  wall, 

p.t.v sLiUiU™,^^ 

■i......(.^«,(,^vs!?::;-i°g:;i)' 

which  is  Cain's  formuU  (30)  in  another  form. 


(5) 
(6) 

(7) 
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If  s  in  (5)  18  made  equal  to  5,  and  0  made  equal  to  90^ 

C09*^     


P  «!»•*• 


./,   ,     '/8in(»-f  g)-8in(»-g)V 


which  is  Ranldne's  formula  (2)  in  another  form. 
If  s  in  (5)  18  made  equal  to  zero, 


V  \  8in  ^•8m  (6  —  S)  / 


which  gives  the  normal  pressure  on  a  wall. 
If  ^  in  (9)  «  90", 

cos'0 


P  -  iW'h* 


If  a  in  (10)  -  0^ 


(■-^v°*tr")' 


P  -  iW'k* 


COS»0 


It0.*«tan«(45**-J^) 


}wib> 


I  —  sin  ^ 
I  +  sin  ^ 


(8) 


(9) 


(10) 


(n) 
(12) 


which  is  Rankine's  formula  (i)  for  a  vertical  wall  without  nirchatge. 

GnpUe  MeduxL — If  the  angle  s,  the  angle  between  the  back  of  the  wall  and  a  normal  to 
the  wall,  is  known,  the  resultant  pressure  on  a  wall  may  be  calculated  by  a  graphic  method. 
Fig.  5,  based  on  the  "theory  of  a  wedge  of  maximum  thrust"  The  graphic  method  will  be 
described— the  proof  of  the  method  is  given  in  "The  Deagn  of  Walls,  Bins  and  Grain  Elevators." 


r-C-rfl, 


B! 


C/V     tf 


AS£NX)^ 


C 

Fig.  5. 

In  Fig.  5  the  retaining  wall  A  B  sustains  the  pressure  of  the  filling  with  a  surcharge  6  and 
an  angle  of  repose  ^.'    It  is  required  to  calculate  the  resultant  pressure  P. 

The  graphic  solution  is  as  follows:  Through  B  in  Fig.  5  draw  BM  making  an  angle  with  BP, 
the  normal  to  AD,  equal  to  X  »  9  +  s  —  90**,  the  angle  that  P  makes  with  the  horizontal.    >^th 
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diameter  AD  describe  arc  A  CD.  Draw  MC  normal  to  AD  and  with  il  as  a  center  and  a  radius 
A C  describe  arc  CN.  Then  AN  ^  y,  AM  =»  6  and  y  «  ^^al).  Draw  EN  parallel  to  BM. 
With  iV  as  a  center  and  radius  E  N,  describe  arc  £5.  Then  il  £  is  the  trace  of  the  plane  of 
rupture,  and  P  =  area  SEN-w. 

Cain's  Formulas.* — Professor  William  Cain  assumes  that  the  angle  s  is  equal  to  0^,  the 
angle  of  friction  of  the  filling  on  the  back  of  the  wall.     By  substituting  in  (5)  we  have  for  a 

Vertical  WaU  With  Level  Surface,  «  =  o. 

\»  +  I  /  cos  0'  ^  ^' 

where 


..v= 


fsin  (0  -f-  00- sin  ^ 
cos  0' 

If  ^  =  ^',  then  »  «  1/  2  sin  ^,  and 


(i  +  sm  ^l/2)« 
If  0'  «  o,  then 

P-iw.A«.tan»(45"-f-)  dS) 

Vertical  Wall  With  Surcharge  »  5.  * 


where 


where 


/^n  (0  -h  00  'gin  (»  -  a) 
cos^'-cos  5 
If  «  -  0, 

i-).-».g^  (.7) 

If  0'  =  o,  and  «  «  0, 

P«  iw-^'-cos^*  (18) 

Inclined  Wall  With  Harisontal  Surface. 

D      1     „  /  sin  {e  -  0)  \i  I  ,. 

^  =  i^'-^HCn  +  DsinJ    sin(0'+«  <'9> 


/sin  (0  -h^O-sin^ 
sin  (0'  +  d)sin^ 

Inclined  Wall  With  Surcharge  »  5. 


■V: 


where 


"-t-KcJ^^.y-Jwr,  <»> 


Vsin  (0  4-  0O  '^  (0  ~  ^) 
8in(0'-h^)-8in(5-«) 


Wall  With  Loaded  FlUiiig. — In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  hi  by  dividing  the  loading  per  sq.  ft.  by  w.  Let  ft  +  ^i  ^  H.  Then  the  resultant 
pressure  for  a  wall  with  height  H,  will  be 

P, -lw£r»JC  (21) 

and  the  resultant  pressure  for  a  wall  with  height  hi,  will  be 

Pi-lw.*i«.JC  •         (22) 

*  Professor  Rebhann  makes  the  same  assumptions  and  uses  the  graphic  method  of  Fig.  5. 
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The  pressure  on  the  wall  AD  will  be 

P  «  Pa  -  Pi  -  \w{IP  -  hi^)K  (23) 

and  the  point  of  application  is  through  the  center  of  gravity  of  ADGE,  which  makes 

,  IP+H'hi  -2/n«  ,    . 

y^  =  *  — HThi —  ^'^^ 


Fig.  6. 

Walls  With  Negative  Surcharge. — For  the  calculation  of  the  pressures  on  retaining  walls  with 
negative  surcharge,  5  negative,  see  the  author's  **  The  Design  of  Walls,  Bins  and  Grain  Elevators," 
second  edition. 

STABELITT  OF  RETAINING  WALLS.— A  retaining  wall  must  be  stable  (i)  against 
overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  masonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight  of  a  filling  having  the  same 
angle  of  internal  friction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.  For  a 
factor  of  safety  of  2  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weighing  twice 
that  for  which  the  wall  is  built. 

1.  Overturning. — In  Fig.  7,  let  P,  represented  by  OP',  be  the  resultant  pressure  of  the  earth, 
and  Wt  represented  by  OW^,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.  Then 
£,  represented  by  OR,  will  be  the  resultant  pressure  tending  to  overturn  the  wall. 

Draw  OS  through  the  point  A,  For  this  condition  the  wall  will  be  just  on  the  point  of 
overturning,  and  the  factor  of  safety  against  overturning  will  be  unity.  The  factor  of  safety 
for  E  ^  OR  will  be 

/o  -  SWIRW  (25) 

2.  Sliding. — In  Fig.  7  construct  the  angle  Hi  G  equal  to  0',  the  angle  of  friction  of  the  masonry 
on  the  foundation.  Now  if  E  passes  through  i,  and  takes  the  direction  OQ,  the  wall  will  be  on 
the  point  of  sliding,  and  the  factor  of  safety  against  sliding,  /«,  will  be  unity.  For  E  =  OR,  the 
factor  of  safety  against  sliding  will  be 

/.  =  QM'IRM  (26) 

Retaining  walls  seldom  fail  by  sliding. 

The  factor  of  safety  against  sliding  is  sometimes  given  as 

/. -^tan0'.  (27) 

where  H  is  the  horizontal  component  of  P.     Equations  (26)  and  (27)  give  the  same  values  only 
where  the  resultant  P  is  horizontal. 

3.  Crashing. — In  Fig.  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  P,  which 
produces  a  uniform  stress,  pi  =  F/d,  over  the  area  of  the  base,  and  a  bending  moment  =  F'b, 
which  produces  compression,  pt,  on  the  front  and  tension,  Pt,  on  the  back  of  the  foundation. 
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The  sum  of  the  tendle  stresses  due  to  bending  must  equal  the  sum  of  the  compressive  stresses, 
«>  ipti.  These  stresses  act  as  a  couple  through  the  centers  of  gravity  of  the  stress  triangles  on 
each  side,  and  the  resisting  moment  is 

M' =  iptdid  "  iPi'd^  (28) 


^^^ -ZJf 


Fig.  7. 
But  the  resisting  movement  equals  the  overturning  moment,  and 


>5'-f  Ztttfftttitttltttiz  \fi 
'     '       I  J— -i^ 


Fig.  8. 


and 


The  total  stress  on  the  foundation  then  is 


P^px^Pi^  Pi(i  =*=  6bld) 


(29) 


(30) 


Now  il  b  =s  id,  we  will  have 


p  =  2pu    or    o. 


In  order  therefore  that  there  be  no  tension,  or  that  the  compression  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compression  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
will  equal  the  area  of  the  diagram. 

F  =  h-a 
and 

2F 

P--  (3X) 

which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tension. 

General  Principles  of  DeGdgn. — ^The  overturning  moment  of  a  masonry  retaining  wall  of 
gravity  section  depends  upon  the  weight  of  the  filfing,  the  angle  of  internal  friction  of  the  filling, 
the  surcharge,  and  the  height  and  shape  of  the  wall.    The  resisting  moment  depends  upon  the 
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weight  of  the  masonry,  the  width  of  the  foundation,  and  the  cross-section  of  the  wall.  The  most 
economical  section  for  a  masonry  retaining  wall  is  obtained  when  the  back  slopes  toward  the 
filling.  In  cold  localities,  however,  this  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  build  retaining  walls  with  a  slight  batter  forwards.  The  front  of 
the  wall  is  usually  built  with  a  batter  of  from  i  in.  to  i  in.  in  12  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
wall  at  the  base  by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  the  base  by  putting  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall:  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  em- 
bankment expensive  to  excavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with  ah  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exercised  in  selecting  the 
proper  values  of  w  and  0,  and  the  conditions  of  surcharge.  It  will  be  seen  from  the  preceding 
discussion  that  the  value  of  the  thrust  increases  very  rapidly  as  0  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carrying  a  railroad  track,  buildings, 
or  other  loads,  a  proper  allowance  must  be  made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in  approximately  horizontal 
layers,  or  with  layers  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  jthe 
footii^,  and  "weep-holes"  should  be  provided  near  the  bottom  of  the  wall  at  frequent  intervals 
to  allow  the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  it  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  "weepers"  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
carefully  drained. 

The  permissible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
will  depend,  upon  the  material  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
solid  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  wall, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
of  the  wall  will  cause  the  top  to  tip  forward,  causing  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
may  be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  length  depending  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections 'should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  the 
height.  Separate  sections  should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  intervals  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
one  section  and  sliding  freely  in  the  other.  The  back  of  the  expansion  joints  should  be  water- 
proofed with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide, 
and  the  pitch  and  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  joints  between 
the  sections  of  a  retaining  wall  on  the  front  side  should  be  from  i  to  ^  of  an  in.  in  width,  and 
should  be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
concrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  wall  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
proof coating.  The  most  satisfactory  waterproof  coating  known  to  the  author  is  a  coal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16 
parts  refined  coal  tar,  4  parts  of  Portland  cement  and  3  parts  of  kerosene  oil.    The  Portland 
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The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum  of  the  compressive  stresses, 
»  ipi4-  These  stresses  act  as  a  couple  through  the  centers  of  gravity  of  the  stress  triangles  on 
each  side,  and  the  resisting  moment  is 

M'  =^lPt'd'id^ip,'d^  (28) 


I 
I 

^5 


^^^ — ^^^ "^ri-c^     eFb 


^f^^-fi'^^^fj 


^tr: 


and 


Fig.  7. 
But  the  resisting  movement  equals  the  overturning  moment,  and 


Fig.  8. 


eF'h 


The  total  stress  on  the  foundation  then  is 


P'-pi^Pf  Pt(i  ^  6bld) 


(29) 


(30) 


Now  if  &  a  i<f ,  we  will  have 


p  -  2pu    or    o. 


In  order  therefore  that  there  be  no  tension,  or  that  the  compression  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compression  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resulUnt  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
will  equal  the  area  of  the  diagram. 

F  -  h-a 
and 

2F 

which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  coukl  take  tension. 

Oeneral  Principles  of  Design. — ^The  overturning  moment  of  a  masonry  retaining  wall  of 
gravity  section  depends  upon  the  weight  of  the  filling,  the  angle  of  internal  friction  of  the  filling, 
the  surcharge,  and  the  height  and  shape  of  the  walL    The  resisdng  moment  depends  upon  the 
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weight  of  the  masonry,  the  width  <^  the  foundation,  and  the  cross-section  of  the  wall.  The  most 
economical  section  for  a  masonry  retaining  wall  is  obtained  when  the  back  slopes  toward  the 
filling.  In  cold  localities,  however,  this  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  build  retaining  walls  with  a  slight  batter  forwards.  The  front  of 
the  wall  is  usually  built  with  a  batter  of  from  }  in.  to  i  in.  in  12  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
wall  at  the  base  by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  the  base  by  putting  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall:  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  em- 
bankment expensive  to  excavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with  ali  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exercised  in  selecting  the 
proper  values  of  w  and  0,  and  the  conditions  of  surcharge.  It  will  be  seen  from  the  preceding 
discussion  that  the  value  of  the  thrust  increases  very  rapidly  as  0  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carrying  a  railroad  track,  buildings, 
or  other  loads,  a  proper  allowance  must  be  made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in  approximately  horizontal 
layers,  or  with  layers  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  jthe 
footing,  and  "weep-holes"  should  be  provided  near  the  bottom  of  the  wall  at  frequent  intervals 
to  allow  the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  it  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  "weepers"  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
carefully  drained. 

The  permissible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
will  depend  upon  the  material  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
solid  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  wall, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
of  the  wall  will  cause  the  top  to  tip  forward,  causing  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
may  be  necessary  to  use  some  reinforcii^^  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  length  depending  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections 'should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  the 
height.  Separate  sections  should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  intervals  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
one  section  and  sliding  freely  in  the  other.  The  back  of  the  expansion  joints  should  be  water- 
proofed with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide, 
and  the  pitch  and  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  joints  between 
the  sections  of  a  retaining  wall  on  the  front  side  should  be  from  |  to  }  of  an  in.  in  width,  and 
should  be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
concrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  wall  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
proof coating.  The  niost  satisfactory  waterproof  coating  known  to  the  author  is  a  coal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16 
parts  refined  coal  tar,  4  parts  of  Portland  cement  and  3  parts  of  kerosene  oil.    The  Portland 
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cement  and  kerosene  should  be  mixed  thoroughly  and  the  coal  tar  then  added.  In  cold  weather 
the  coal  tar  may  be  heated  and  additional  kerosene  added  to  take  account  of  the  evaporation. 
This  paint  not  only  covers  the  surface  but  combines  with  it,  so  that  two  or  three  coats  are  some- 
times required.  While  the  surface  of  the  concrete  should  be  dry,  coal  tar  paint  will  adhere  to 
moist  or  wet  concrete.  In  building  retaining  walls  in  sections,  the  end  of  the  finished  section  should 
be  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  section. 

For  methods  of  waterproofing  masonry,  see  methods  of  waterproofing  bridge  floors  in  Chap- 
ter IV. 

DESIGN  OF  RETAINING  WALLS.— The  design  of  masonry  retaining  walls  will  be 
illustrated  by  the  design  of  the  reUining  walls  for  West  Alameda  Avenue  Subway,  taken  from 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Design  of  Retaining  Walls  for  West  Alameda  Avenue  Subway,  Denver,  Colorado. — ^The 
height  of  the  walls  varied  from  8  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compact 
gravel  to  a  mushy  clay.  The  design  of  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  part  Portland  cement,  3  parts  sand 
and  5  parts  screened  gravel.  Crocker  and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineers. 
The  wall  is  shown  in  Fig.  9  and  in  Fig.  10. 

The  following  assumptions  were  made:  Weight  of  concrete,  150  lb.  per  cu.  ft.;  weight  of 
filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  1}  :  i  (0  »  33**  40');  surcharge,  600  lb. 
per  sq.  ft.,  equivalent  to  6  ft.  of  filling;  maximum  load  on  foundation,  6,000  lb.  per  sq.  ft. 

Solution. — ^After  several  trials  the  following  dimensions  were  taken:  Width  of  coping  2  ft. 
6  in.,  thickness  of  coping  i  ft.  6  in.,  batter  of  face  of  wall  }  in:  in  12  in.,  batter  of  back  of  wall 
3i  in.  in  12  in.,  width  of  base  15  ft.  2f  in.  (ratio  of  base  to  height  »  0.52),  front  projection  rf 
base  4  ft.,  other  dimensions  as  shown  in  Fig.  9.  The  calculations  were  made  for  a  section  of  the 
wall  one  foot  in  length. 

The  property  back  of  the  wall  will  probably  be  used  for  the  storage  of  coal,  etc.,  and  it  was 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  wall.  The  resultant 
pressure  of  the  filling  on  the  plane  A-2  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.  6, 
and  was  found  to  be  P'  «  17,290  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wall  is 
W  «  16,435  lb.,  acting  through  the  center  of  gravity  of  the  filling.  The  resultant  of  P"  and 
W  is  P  ^  23,850  lb.  =  the  resultant  pressure  of  the  filling  on  the  back  of  the  wall.  The  weight 
of  the  masonry  is  W  »  33ii44  lb.,  acting  through  the  center  of  gravity  of  the  wall,  and  the  re- 
sultant of  P  and  PT  is  £  s  52,510  lb.  »  the  resultant  pressure  of  the  wall  and  the  filling  upon 
the  foundation.  The  vertical  component  of  Eis  F  ^  49t53o  lb.,  and  cuts  the  foundation,  &  »  2.1 
ft.  from  the  middle. 

1.  StahUiiy  Against  Overturning. — ^The  line  OD  in  this  case  is  nearly  parallel  to  the  line  QW 
which  brings  the  point  S  in  Fig.  9  at  a  great  distance  from  the  point  W.  The  factor  of  safety 
against  overturning  was  calculated,  on  the  original  drawing  and  found  to  be  /•  >  25. 

2.  Stability  Against  Sliding. — ^The  coefficient  of  friction  of  the  masonry  on  the  footing  will 
be  assumed  to  be  tan  0'  «  0.57  and  0'  =  30".  Through  0,  Fig.  9,  draw  OQ,  cutting  the  base  of 
wall  5i4  at  6,  and  making  an  angle  0'  «  30^  with  a  vertical  line  through  6.  Then  the  factor  of 
safety  against  sliding  will  be 

/.  -  QM'IRM  «  2.5 

This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  will  increase  the  resistance 
against  sliding. 

3.  Stability  Against  Crushing. — In  Fig.  9  the  direct  pressure  will  be  pi  ^  49,580/15.21 
«  3,220  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 
^  a  A  6F'b/d^  =  8*.  (6  X  49.580  X  2.i)/23i.4  -  *  2,700  lb.  per  sq.  ft.,  and  the  maximum 
pressure  is 

p  =  3,220  -f  2i700  »  +  5t920  lb.  per  sq.  ft. 
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and  the  minimnm  pressure  is 

p  =  3,220  -  2,700  =  +  520  lb,  per  sq.  ft. 

The  allowable  pressure  was  6,000  lb.  per  sq.  ft.,  so  that  the  pressure  is  safe  for  a  compact  gravel. 
Where  the  waUs  were  supported  on  the  mushy  day  it  was  necessary  to  extend  the  projection  of 
the  footing  on  the  front  side  and  to  bring  the  resultant  F  to  the  center  of  the  wall. 


Fig.  9.    Retaining  Wall,  West  Alameda  Avenue  Subway, 

4.  Upward  Pressure  on  Front  Projection  of  Foundation, — Where  projections  are  used  on  the 
foundations  of  retaining  walls  it  may  be  necessary  to  reinforce  the  base  to  prevent  the  projection 
breaking  off  in  line  with  the  face  of  the  wall.  The  bending  moment  of  the  upward  pressure  about 
the  front  face  of  the  wall  from  Fig.  9  is 

M  =  1(5.920  +  4,120)  X  4  X  2.1  X  12 
=  506,000  in-lb. 

The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 

/  «  M'dl  =  M'd/2l  =  (506,000  X  27)/i57,464 
»  88  lb.  per  sq.  in. 

Since  the  ultimate  strength  of  the  concrete  in  tension  is  approximately  200  lb.  per  sq,  in., 
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that  there  should  be  more  than  enough  cement  paste  to  fill  the  voids  in  the  sand,  and  more  than 
enough  mortar  to  fill  the  voids  in  the  stone.  With  voids  in  sand  and  stone  varying  from  40  to  45 
per  cent,  the  quantities  of  the  ingredients  are  closely  given  by  Fuller's  rule,  where 

c  B  number  of  parts  of  cement; 

5  »  number  of  parts  of  sand; 

g  as  number  of  parts  of  gravel  or  stone. 


Then 


II 


p  s  number  of  barrels  of  Portland  cement  required  for  one  cu.  yd.  concrete, 
number  of  cu.  yd.  sand  required  for  one  cu.  yd.  concrete. 
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Fig.  12.    Contents  of  Concrete  Retaining  Walls.  Illinois  Central  Railroad. 

The  materials  for  one  cu.  yd.  of  i  :  2  :  4  concrete  will  then  be:  Portland  cement  1.57  barrels, 
sand  0.44  cu.  yd.,  gravel  or  stone  0.88  cu.  yd. 

The  proportions  for  plain  walls  commonly  vary  from  i  :  2}  :  5  to  I  :  3  : 6,  while  the  pro- 
portions for  reinforced  walls  vary  from  i  :  2  :  4  to  i  :  2}  :  5. 

Miziiig  and  Fladng  Concrete. — ^For  mixing  concrete  a  batch  mixer  in  which  the  materials 
can  be  definitely  proportioned  and  thoroughly  mixed  u  to  be  preferred.  In  cold  weather  the 
concrete  materials  should  be  heated  by  the  addition  of  boiling  water  to  the  mixer.  To  prevent 
scalding  the  cement  the  sand,  aggregate  and  hot  water  should  first  be  placed  in  the  mixer  and, 
after  giving  it  several  turns  to  remove  the  frost,  the  cement  should  be  added  and  the  mixing 
completed. 

The  author  uses  the  following  specifications  for  placing  concrete  in  cold  or  freezing  weather. 
"When  the  temperature  of  the  air  during  the  time  of  mixing  and  placing  is  below  40*  Fah.  the 
water  used  in  mixing  the  concrete  shall  be  heated  to  such  a  temperature,  that  the  temperature 
of  the  concrete  when  deposited  in  the  forms  shall  not  be  less  than  60*  Fah.  Care  shall  be  used 
not  to  scald  the  cement." 

Where  the  wall  b  in  a  cut  and  the  materials  can  be  delivered  on  the  bank,  the  mixer  may  be 
installed  on  the  bank  above  and  the  concrete  wheeled  or  chuted  to  place.  Concrete  should  not 
he  chuted  in  freezing  weather.    In  building  the  West  Alameda  Avenue  Subway  retaining  walls, 
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Denver,  Colo.,  the  gravel  and  sand  were  taken  from  the  cut,  the  concrete  was  mixed  in  mixers 
installed  at  the  foot  of  movable  towers„  and  the  concrete  was  raised  in  a  skip  elevator  and  chuted 
into  place. 

On  railroad  work  the  mixer  may  be  mounted  on  a  flat  car,  the  materials  may  be  delivered  on 
other  cars,  and  the  concrete  is  dumped  or  chuted  directly  into  place. 


U—J..^^^. N 


Fig.  13.    Retaining  Wall,  C.  B. 
&  Q.  R.  R. 
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Fig.  14.    Forms  for  Retaining  Wall,  C. 
B.  &  Q.  R.  R. 


SPECIFICATIONS  FOR  CONCRETE  RETAINING  WALLS.— The  following  extracts 
have  been  taken  from  the  specifications  prepared  by  Crocker  and  Ketchum,  Consulting  Engineers, 
for  the  concrete  retaining  walls  for  the  West  Alameda  Avenue  Subway,  Denver,  Colo. 


16.  MATERIALS.  Cement — ^The  cement  shall  be  furnished  by  the  Companies  on  board 
cars  or  in  store  houses  at  the  site  of  the  work  as  required.  The  cement  shall  be  Portland,  and 
shall  meet  the  requirements  of  the  Standard  Specifications  of  the  American  Society  for  Testing 
Materials. 

17.  Concrete  Aggregate. — ^The  fine  aggregate  shall  pass  a  screen  with  J  in.  mesh,  while  the 
coarse  aggregate  shall  all  be  retained  on  a  screen  with  }  m.  mesh  and  all  shall  pass  a  screen  with 
3  in.  m€»n.  The  sand  and  gravel  shall  be  obtained  from  the  excavation  of  the  open  cut  of  the 
Subway.  The  Consulting  Engineers  reserve  the  right  to  change  the  proportions  of  sand  and 
screened  gravel  (§34  and  §35)  from  time  to  time,  as  may  be  necessary  to  secure  a  dense  concrete 
of  desired  consistency.  Payment  to  the  Contractor  for  the  screening  will  be  made  on  the  basis 
of  unit  price  per  cubic  yard  of  gravel  measured  after  screening. 

18.  Water. — The  water  used  in  mixing  concrete  shall  be  clean  and  reasonably  clear,  free 
from  adds  and  injurious  oils,  alkalies  or  vegetable  matter. 

19.  Lumber. — Lumber  for  forms  shall  have  a  nominal  thickness  of  2"  before  surfacing,  and 
shall  be  of  a  good  quality  of  Douglas  fir  or  Southern  long  leaf  yellow  pine.  Lumber  us^  for 
forms  of  face  work  shall  be  dressed  on  one  side  and  both  edges  to  a  uniform  thickness  and  width. 
Lumber  for  backing  and  other  rough  work  may  be  unsurfaced  and  of  an  inferior  grade  of  the 
kinds  above  specified. 

20.  Reinforctiig  SteeL — ^All  reinforcing  steel  shall  be  plain  bars,  and  shall  comply  with  the 
specificaitions  for  structural  steel  as  given  in  the  Standard  Specifications  of  the  American  Railway 
Engineering  Association. 

21.  EaCAVATION. — ^The  subway  is  being  excavated  by  the  Companies  but  the  contractor 
shall  make  all  necessary  excavations  for  wall  and  pedestal  footings,  and  shall  furnish  all  necessary 
sheeting  and  supports  and  bracing  to  hold  the  forms  in  place  dunng  the  construction  of  the  work. 
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The  cost  of  the  necessary  sheeting  and  supports  shall  be  included  in  the  unit  price  for  excavation. 
The  Contractor  shall  provide  all  pumps  and  other  equipment  incidental  to  such  excavation. 

22.  All  excavation  shall  be  measured  in  vertical  prisms  whose  end  areas  are  of  sufficient 
size  to  include  the  footing  courses,  and  the  sheeting  surrounding  the  same.  ''Wet  excavation'* 
shall  include  all  excavation  below  the  surface  of  standing  water  in  open  pits. 

23.  CONCRETE.  Machine  Mixing. — Machine  mixers,  preferably  of  the  batch  type,  shall 
be  used  except  where  the  volume  of  concrete  to  be  mixed  is  not  sufficient  to  warrant  their  use. 
The  requirements  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  con- 
sistency, and  thoroughly  mixed. 
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Fig. 


15.    Forms  for  Illinois  Central 
R.  R.  Retaining  Wall. 


Fig.  16.    Forms  for  C.  &  N.  W.  Ry. 
Retaining  Wall. 


24.  Mizing  by  Hand. — ^When  it  is  necessary  to  mix  by  hand  the  mixing  shall  be  done  on  i^ter 
tight  platforms  of  sufficient  size  to  accommodate  men  and  materials  for  the  progressive  and 
rapid  mixing  of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one- 
half  yard.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  fine  agpegate  andthese  mixed  thoroughly  until  of  an 
even  color.  Then  add  the  coarse  aggregate  which,  if  dry,  shall  first  be  thoroughly  wet  down. 
The  mass  shall  then  be  turned  with  shovels  until  thoroughly  mixed  and  all  the  aggregate  covered 
with  mortar,  the  necessary  amount  of  water  being  added  as  the  mixing  proceeds. 

25.  Consiatenqr. — ^The  material  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  that  it  will  flow  into  the  forms  and  about  the  met^u  reinforcement,  and  which  on  the 
other  hand  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  the  separation  of  the 
coarse  aggregate  from  the  mortar. 

26.  RetemDering. — Retempering  mortar  or  concrete,  L  e.,  remixing  with  water  after  it  baa 
partially  set  will  not  be  permitted. 
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27.  Pladng  of  Concrete. — Concrete  after  the  addition  of  water  to  the  mix,  shall  be  handled 
rapidly  from  the  place  of  mixing  to  the  place  of  final  deposit,  and  under  no  circumstances  shall 
concrete  be  used  that  has  partially  set  before  final  placing. 

28.  The  concrete  shall  be  deposited  in  such  a«manner  as  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moyingf  up  and  down  until  all  the  mgredients  have  settled 
in  their  proper  place,  and  the  surplus  water  i*  forced  to  the  surface.  All  concrete  must  be  de- 
posited in  horizontal  layers  of  uniform  thickness  throughout.  Temporary  planking  shall  be  placed 
at  ends  of  partial  layers  so  that  the  concrete  shall  not  run  out  to  a  thin  edge.  In  placing  concrete 
it  shall  not  be  dropped  through  a  clear  space  of  over  6  ft.  vertical.  For  greater  heights  a  trough 
or  other  suitable  device  must  be  used  to  deliver  the  concrete  in  place,  and  in  depositing  each 
batch  this  trough  or  other  device  must  first  be  carefully  filled  with  concrete  and  then  as  fast  as 
concrete  b  removed  at  the  bottom  it  shall  be  replenished  at  the  top. 

29.  The  work  shall  be  carried  up  in  alternate  sections  of  approximately  32  ft.  in  length  as 
shown  on  the  plans,  and  each  section  shall  be  completed  without  intermission.  In  no  case  shall 
work  on  a  section  stop  within  18  in.  of  the  top. 

30.  Before  depositing  concrete,  the  forms  shall  be  thoroughly  wetted,  except  in  freezing 
weather,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris., 

31.  Expansion  Joints. — Expansion  joints  shall  be  provided  (sections  were  approximated 
32  ft.  long)  as  shown  on  the  plans.  The  wall  shall  be  constructed  in  alternate  sections,  the  ends 
of  the  sections  being  formed  by  vertical  end  forms,  the  section  being  completed  as  though  it  were 
the  end  of  the  structure.  Before  placing  the  remaining  sections  the  end  forms  shall  be  removed 
and  the  surface  of  the  concrete  shall  be  painted  with  coal  tar  paint,  composed  of  sixteen  (16) 
parts  coal  tar,  four  U)  parts  Portland  cement  and  three  (3)  parts  kerosene  oil.  The  expansion 
joints  shall  be  finished  on  the  exposed  side  by  the  insertion  in  the  forms  of  a  metal  mold  that  will 
give  a  groove  i  ISK.  wide,  i  in.  deep  and  shall  have  a  draft  of  i  in.  The  wall  sections  shall  be 
locked  toeether  by  means  of  bars  as  shown  on  the  plans. 

32.  Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  design,  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage  of 
mortar.  Where  corners  of  the  masonry  and  other  projections  liable  to  injury  occur,  suitable 
moldings  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off.  Material  once 
used  in  forms  shallbe  cleaned  before  being  used  again. 

33.  The  forms  must  not  be  removed  within  36  hours  after  all  the  concrete  in  that  section 
has  been  placed;  in  freezing  weather  they  must  remain  until  the  concrete  has  had  sufiicient  time 
to  become  thoroughly  set. 

34.  Proportioning. — In  proportioning  concrete,  a  barrel  or  a  sacks  of  Portland  cement  shall 
be  assumed  to  contain  3.8  cu.  ft.,  while  the  sand  and  gravel  shall  oe  measured  loose  in  a  measuring 
vessel.    The  proportions  required  for  concrete  are  as  follows: 

For  footings,  walls  of  retaining  walls,  abutments,  and  pedestals,  one  (i)  part  Portland  cement, 
three  (3)  parts  sand  and  five  (5)  parts  gravel.  For  bridge  seats  and  copings,  one  (i)  part  Portland 
cement,  two  (2)  parts  sand  and  four  (4)  parts  gravel. 

35.  The  tops  of  the  bridge  seats,  pedestals,  and  copings,  shall  be  finished  with  a  smooth 
surface  composed  of  one  (i)  part  Portland  cement  and  two  (2)  parts  sand  applied  in  a  layer  i  in. 
thick.    This  must  be  put  in  place  with  the  last  course  of  concrete. 

36.  Water-Proofing. — ^The  expansion  joints  in  the  retaining  walls  and  abutments  shall  be 
water-proofed  as  follows:  After  the  forms  have  been  removed  and  the  concrete  is  thoroughly 
dried,  the  back  of  the  wall  for  a  distance  of  18  in.  on  each  side  of  the  expansion  joints  shall  be 
mopped  with  hot  refined  coal  tar  pitch.  A  layer  of  burlap  shall  then  be  placed  so  as  to  cover  the 
expansion  joints,  and  the  burlap  shall  be  mopped  with  coal  tar  pitch.  In  the  same  manner  two 
additional  layers  of  burlap  shall  be  applied,  making  a  3-ply  water-proofing. 

37.  Reinforcing  Bars. — Reinforcing  bars,  where  used,  shall  be  placed  3  in.  clear  from  the 
outside  surface  of  the  concrete,  and  shall  be  placed  in  the  position  shown  on  the  plans.  Care 
must  be  taken  to  insure  the  coating  of  the  metal  with  mortar,  and  a  thorough  compacting  of 
concrete  around  the  bars.    All  reinforcing  bars  shall  be  clean  and  free  from  all  dirt  or  grease. 

38.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precautions  are  taken  to  avoid  the  use  of  materials  containing  frost  or  covered 
with  ice,  and  means  are  provided  to  prevent  the  concrete  from  freezing.  Where  the  temperature 
of  the  air  during  the  time  of  mixing  and  placing  concrete  is  below  40®  Fahr.  the  water  used  in 
mixing  the  concrete  shall  be  of  such  a  temperature,  that  the  temperature  of  the  concrete  when 
delivered  in  the  forms  shall  not  be  lower  than  60^  Fahr.  Special  precautions  shall  be  taken  not 
to  scald  the  cement. 

39.  Pladng  in  Water. — Concrete  shall  not  be  deposited  under  water  except  on  the  approval 
of  the  Consulting  Engineers.  Where  water  is  encountered  without  current,  but  in  such  quantity 
that  it  cannot  be  lowered  to  the  required  depth  and  maintained  there,  or  where  such  lowering 
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would  cause  Coitber  difficulty,  conoete  may  be  deposited  through  troughs  or  other  device  in  the 
manner  designated  above. 

40L  Cifinh\g  Up. — Upon  the  comi^etion  of  any  section  of  the  work  the  Coatiactor  AaH 
remove  all  debris  caused  l^  his  operations  and  leave  the  work  ready  for  backfilling. 

SEFBRENCBS. — ^For  the  design  of  reinforced  concrete  retaining  waOs,  examples  of  plain 
and  reinforced  concrete  retainii^  waOs,  details  of  construction,  and  the  theory  of  reinforced 
concrete,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators."  For  a  discussion  of 
the  theory  of  the  pressures  in  granular  materiab  and  semi-fluids,  see  Chapter  VIII,  Bins,  and 
Chapter  IX,  Grain  Elevators;  also  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Ele 
vatora." 


CHAPTER  VI. 
Bridge  Abutments  and  Piers. 

IntrodttCtioiL — ^An  abutment  is  a  structure  that  supports  one  end  of  a  bridge  span  and  at  the 
same  time  supports  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
usually  protects  the  embankment  from  the  scour  of  the  stream. 

A  pier  is  a  structure  that  supports  the  ends  of  two  bridge  spans.  Piers  must  be  designed 
so  as  not  to  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  prevent  undermining 
the  pier  by  the  scour  of  the  stream. 

TTPBS  OF  ABUTMENTS. — Masonry  abutments  may  be  classified  under  four  heads, 
Fig.  I,  (a)  straight  or  "stub"  abutments;  {b)  wing  abutments;  (c)  U  abutments;  {d)  T  abutments. 

(a)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  shown  in  Fig.  i,  is  an 
excellent  example  of  an  abutment  of  this  type.  The  earth  fill  is  allowed  to  flow  around  the  ends 
of  the  abutment  as  shown.  Straight  abutments  should  not  be  used  where  the  water  will  wash 
the  fill  away. 

(6)  A  standard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  The  length 
of  the  wings  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
embankment  and  the  angle  of  the  wings.  The  angle  that  the  wings  make  with  the  face  of  the 
abutment  ordinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  variable.. 

(c)  A  standard  U  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  This  is  a 
wing  abutment  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment. 
The  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walls  run  back 
into  the  fill,  which  flows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  away  by 
the  scour  of  the  stream  the  wings  should  be  extended  farther  into  the  bank. 

(i)  A  standard  T  abutment  of  the  South  Bend  and  Michigan  Southern  Railway  for  a  skew 
span  is  shown  in  Fig.  I.  The  T  abutment  b  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  fill;  the  stem  carries  the  roadway,  supports  the  abutment,  and  prevents  water  from 
finding  its  way  along  the  back  of  the  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABILITT  OF  BRIDGE  ABUTMENTS  WITHOUT  WINGS.— A  bridge  abutment 
must  be  stable  (i)  against  overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  material 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  see  Chapter  V. 
The  method  of  deagn  will  be  shown  by  giving  the  calculations  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Dedgn  of  Concrete  Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Colorado. — ^The 
height  of  the  abutment  is  21  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 
and  25  ft.  0}  in.  to  the  top  of  the  back  wall.  The  following  assumptions  were  made:  Weight  of 
concrete,  150  lb.  per  cu.  ft.;  weight  of  filling,  w  =»  100  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling, 
li  to  I  (^  ">  33°  42');  surcharge  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  load 
on  foundation  6,000  lb.  per  sq.  ft. 

Solution. — ^After  several  trials  the  dimensions  given  in  Fig.  2  were  taken.  The  stability  of 
the  abutment  was  investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  on  the  filling,  and  (b)  with  no  live  load  on  the  bridge  and  no  surcharge  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  the  bridge  from  the  right,  and 
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would  cause  further  difficulty,  concrete  may  be  deposited  through  troughs  or  other  device  in  the 
manner  designated  above. 

4a  Cleaning  Up. — Upon  the  completion  of  any  section  of  the  work  the  Contractor  shall 
remove  all  debris  caused  by  his  operations  and  leave  the  work  ready  for  backfilling. 

REFERENCES. — ^For  the  design  of  reinforced  concrete  retaining  walls,  examples  of  plain 
and  reinforced  concrete  retaining  walls,  details  of  construction,  and  the  theory  of  reinforced 
concrete,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators.*'  For  a  discussion  of 
the  theory  of  the  pressures  in  granular  materials  and  semi-fluids,  see  Chapter  VIII,  Bins,  and 
Chapter  IX»  Grain  Elevators;  also  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Ele- 
vators." 


CHAPTER  VI. 
Bridge  Abutments  and  Piers. 

IntrodiictioiL — An  abutment  is  a  structure  that  supports  one  end  of  a  bridge  span  and  at  the 
same  time  supports  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
usually  protects  the  embankment  from  the  scour  of  the  stream. 

A  pier  is  a  structure  that  supports  the  ends  of  two  bridge  spans.  Piers  must  be  designed 
so  as  not  to  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  prevent  undermining 
the  pier  by  the  scour  of  the  stream. 

TTPBS  OF  ABUTMENTS. — Masonry  abutments  may  be  classified  under  four  heads, 
Fig.  I,  (a)  straight  or  "stub"  abutments;  {b)  wing  abutments;  (c)  U  abutments;  (d)  T  abutments. 

(a)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  shown  in  Fig.  i,  is  an 
excellent  escample  of  an  abutment  of  this  type.  The  earth  fill  is  allowed  to  flow  around  the  ends 
of  the  abutment  as  shown.  Straight  abutments  should  not  be  used  where  the  water  will  wash 
the  fill  away. 

(b)  A  standard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  The  length 
of  the  wings  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
embankment  and  the  angle  of  the  wings.  The  angle  that  the  wings  make  with  the  face  of  the 
abutment  ordinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  variable.. 

(c)  A  standard  U  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  This  is  a 
wing  abutment  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment. 
The  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walls  run  back 
into  the  fill,  which  flows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  away  by 
the  scour  of  the  stream  the  wings  should  be  extended  farther  into  the  bank. 

(i)  A  standard  T  abutment  of  the  South  Bend  and  Michigan  Southern  Railway  for  a  skew 
span  is  shown  in  Fig.  i.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  fill;  the  stem  carries  the  roadway,  supports  the  abutment,  and  prevents  water  from 
finding  its  way  along  the  back  of  the  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABILITT  OP  BRIDGE  ABUTldENTS  WITHOUT  WINGS.— A  bridge  abutment 
must  be  stable  (i)  against  overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  material 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  see  Chapter  V. 
The  method  of  deagn  will  be  shown  by  giving  the  calculations  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Dedgn  of  Concrete  Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Colorado. — ^The 
height  of  the  abutment  is  21  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 
and  25  ft.  0}  in.  to  the  top  of  the  back  wall.  The  following  assumptions  were  made:  Weight  of 
concrete,  150  lb.  per  cu.  ft.;  weight  of  filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling, 
li  to  I  (^  «  33"*  42');  surcharge  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  load 
on  foundation  6,000  lb.  per  sq.  ft. 

Solution. — ^After  several  trials  the  dimensions  given  in  Fig.  2  were  taken.  The  stability  of 
the  abutment  was  investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  on  the  filling,  and  (6)  with  no  live  load  on  the  bridge  and  no  surcharge  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  the  bridge  from  the  right,  and 
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has  reached  the  point  2  in  (b),  Fig.  2.  The  weight  of  the  girders  and  the  live  load  was  assumed  as 
uniformly  distributed  over  a  length  of  the  abutment  equal  to  the  distance  between  track  centers, 
and  one  lineal  foot  of  wall  was  investigated. 

Case  (a). — ^The  pressure  of  the  filling  on  the  plane  3-2  was  calculated  as  in  Chapter  V, 
Fig.  9,  and  is  P'  =  14,700  lb.,  acting  through  the  center  of  gravity  of  the  trapezoid  2-3-4-5. 
The  weight  of  the  filling  and  surcharge  is  Wt  +  Wz^^  14,900  lb.,  which  when  combined  with  P' 
gives  the  resultant  pressure  of  the  filling  on  the  wall  =  P  =  20,900  lb.  The  pressure  P  is  then 
combined  with  the  weight  of  the  wall,  Wi  »  29,800  lb.,  and  with  the  dead  load  and  live  load 
from  the  girder  »  12,820  lb.,  giving  the  resultant  pressure  on  the  foundation,  E  —  59,400  lb., 
and  acting,  6  =  1.4  ft.  from  the  center  of  the  wall,  and  F  «  57,500  lb. 

I.  StahilUy  Against  Overturning. — The  resultant  E  is  nearly  vertical  and  well  within  the 
middle  third,  so  that  the  wall  is  amply  safe  against  overturning. 


p^SZfO 


p=-/700 


\^-4--/^^^^ -A 


p-4m 


p^39Q 


Fig.  2.    Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Colo. 


2.  Stability  Against  Sliding, — ^Assuming  that  0'  =  30",  then  the  coefficient  of  friction  will 
be  tan  0'  =  0.57.  Using  the  definition  of  factor  of  safety  given  in  equation  (27)  Chapter  V.  the 
resistance  of  the  wall  against  sliding  will  be  57,500  X  0.57  =  32,765  lb.  The  sliding  force  is 
P'  =  14,700  lb.,  and  the  factor  of  safety  is  32,765/14,700  «  2.23,  which  is  ample. 

3.  Pressure  an  Foundation. — The  pressure  on  the  foundation  will  be  ^  =  F/d  *  6F'bld^ 
=  +  5»740  and  +  1,700  lb.  per  sq.  ft.,  which  is  safe. 

4.  Upward  Pressure  on  Front  Projection  of  Foundation,— The  base  will  be  investigated  on 
the  plane  7-8  to  see  that  the  upward  pressure  will  not  break  off  the  front  projection  of  the  founda- 
tion. The  bending  moment  of  the  upward  pressure  about  the  front  face  of  the  wall  in  (a),  Fig.  2, 
will  be 
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M  =  1(5.740  +  4.690)4  X  2.1  X  12 
-  525.672  in-lb. 
The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 

,  ^  M'C  ^  M'd     525.672  X  27 
•^  "    /     "    2/    "       157.464 
«■  92  lb.  per  sq.  in. 

The  footing  is  safe,  but  1  in.  D  rods  were  placed  18  in.  centers  and  3  in.  from  the  bottom  of 
the  foundation. 

Case  (b). — ^The  solution  is  the  same  as  for  (a)  except  that  the  live  load  from  the  giixler  «  9,980 
lb.,  and  the  surcharge  load  1-2-5-6  =  PTi  =  6,620  lb.  were  omitted.  The  wall  is  safe  for  over- 
turning. The  factor  of  safety  against  sliding  is  from  equation  (27)  Chapter  V,  /«  »  41,500 
X  0.57/14,700  B  1.6,  which  is  safe.    The  pressure  on  the  foundation  is  safe. 

The  back  wall  was  placed  after  the  bridge  seats  were  finished.  To  bond  the  back  wall  to 
the  abutment,  }  in.  D  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  from 
the  back  and  front  face,  one-half  of  the  length  of  the  rod  being  imbedded  in  the  main  wall. 

PRINCIPLES  OF  DESIGN.— To  prevent  tension  on  the  back  side  of  the  footing  and  to 
make  sure  that  the  maximum  compression  on  the  front  side  of  the  footing  shall  not  be  greater 
than  twice  the  average  pressure,  the  resultant  of  the  thrust  of  the  filling,  the  weight  of  the  masonry, 
the  weight  of  the  bridge  and  the  live  load  must  strike  within  the  middle  third  of  the  base.  Where 
the  abutment  rests  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  not  be  serious 
if  the  resultant  strikes  a  little  outside  of  the  middle  third,  providing  the  allowable  pressure  on  the 
foundation  is  not  exceeded.  When  the  abutment  is  on  compressible  material  where  settlement 
will  take  place,  the  resultant  of  the  pressures  should  strike  at  or  back  of  the  center  of  the  base,  so 
that  the  abutment  will  not  tip  forward  in  settling.  It  is  standard  practice  to  use  piles  in  the 
foundation  for  abutments  resting  on  compressible  soil. 

For  the  design  of  wing  walls  see  the  design  of  Retaining  Walls,  Chapter  V. 

In  addition  to  the  requirements  for  stability  abutments  should  satisfy  the  following  additional 
requirements. 

(a)  The  abutment  should  protect  the  bank  from  scour,  (b)  The  abutment  should  prevent 
the  embankment  drainage  from  washing  away  the  bank,  (c)  The  abutment  should  be  easily 
drained. 

Empirical  Design. — ^A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
the  abutment  not  less  than  iV  the  height  above  any  section;  and  project  the  footings  on  each 
side  as  may  be  required.  Empirical  methods  of  design  often  give  unsatisfactory  results  and  are 
not  to  be  recommended. 

DESIGN  OF  BRIDGE  PIERS.— Bridge  piers  must  be  designed  (i)  for  the  total  vertical 
load  due  to  the  dead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
(2)  for  wind  pressure  on  the  pier  and  the  bridge;  (3)  to  withstand  floating  drift  and  ice;  and  (4) 
to  take  the  longitudinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and  due  to  temperature 
when  the  rollers  do  not  move  freely.  The  wind  pressures  are  calculated  as  specified  in  speci- 
fications for  bridges,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
top  chord  of  the  truss;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
the  center  of  gravity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  is  then  calculated 
about  the  leeward  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
to  direct  load  and  wind  are  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 
abutments. 

The  effect  of  the  current  of  the  stream  and  of  floating  ke  and  drift  are  difficult  to  calculate. 
The  pressure  of  a  flowing  stream  on  an  obstruction  is  given  by  the  formula 

\n 

P  =  fwv-a*  — 

2« 
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where  P  »  the  total  pressure  on  the  surface;  m  »  a  constant;  w  *■>  weight  of  a  cubic  foot  of 
water;  a  «  area  of  wetted  surface  normal  to  the  current  in  square  feet;  v  «  velocity  of  current 
in  feet  per  second;  and  g  —  acceleration  due  to  gravity  »  32.2  feet.  The  value  of  m  varies  with 
the  shape  and  the  dimensions  of  the  pier.  Weisbach's  Mechanics  gives  the  following  data. — 
For  a  prism  three  times  as  long  as  broad,  m  =  1.33.  For  a  pier  five  or  six  times  as  long  as  broad 
and  with  a  cutwater  having  plane  faces  and  an  angle  of  30  degrees  between  the  cutwater  faces, 
m  »  0.48.    For  a  square  pier,  m  »  1.28,  and  for  a  circular  pier,  m  »  0.64. 

The  maximum  pressure  due  to  floating  ice  will  be  the  crushing  strength  of  the  ice,  which 
varies  from  400  to  800  lb.  per  sq.  in.  The  principal  danger  from  floating  ice  and  drift  is  that 
the  current  of  the  stream  will  be  deflected  downward  and  will  gouge  out  the  material  around 
and  under  the  pier  and  cause  failure.  To  prevent  this  it  is  quite  common  to  build  piers  with  a 
"  break- water,"  "starkwater,"  "cutwater,"  or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a 
pile  protection  on  the  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
of  the  water  must  be  considered  in  calculating  the  stability  of  the  pier.  If  there  is  danger  of 
scouring  then  it  is  well  to  deposit  large  stones  and  riprap  around  the  base  of  the  pier. 

Batter. — Piers  and  abutments  are  seldom  battered  more  than  one  inch  to  one  foot  of  vertical 
height,  or  less  than  one-half  inch  to  the  foot,  although  high  piers  are  sometimes  battered  only 
one-fourth  inch  to  one  foot. 

ALLOWABLE  PRESSURES  ON  FOUNDATIONS.— The  allowable  pressures  on  founda- 
tions depend  upon  the  material,  the  drainage,  the  amount  of  lateral  support  given  by  the  adjacent 
material,  the  depth  of  the  foundation,  and  other  conditions,  so  that  it  is  not  possible  to  give  data 
that  will  be  more  than  an  aid  to  the  judgment.  If  properly  designed  a  moderate  settlement^ of 
some  particular  structure  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  be 
disastrous.    Professor  I.  O.  Baker  gives  the  values  in  Table  I  in  his  "  Masonry  Construction." 

TABLE  I. 
Safe  Bearing  Power  of  Soils.* 


Kind  of  Material. 


Rock  hardest  in  thick  layers  in  bed. . . 
Rock  equal  to  best  ashlar  masonry. . . 

Rock  equal  to  best  brick 

Rock  equal  to  poor  brick 

Qay  in  thick  beds,  always  dry 

Qay  in  thick  beds,  moderately  dry. . . 

Qay  soft 

Gravel  and  coarse  sand,  well  cemented 

Sand  compact  and  well  cemented 

Sand  clean,  dry 

Quicksand,  alluvial  soils,  etc 


Safe  Bearing  Power  in  Tons  per  Squaze  Foot. 


Min. 

Max. 

2CO 

— 

iS 

30 

IS 

20 

5 

10 

4 

6 

2 

4 

I 

2 

8 

10 

4 

6 

2 

4 

0.5 

I 

Present  practice  is  more  nearly  given  by  the  values  in  Table  II.    Foundations  should  never 
be  placed  directly  on  quicksand. 

TABLE  II. 
Allowable  Bearing  on  Foundations. 


Kind  of  Material. 


Soft  clay  or  loam 

Ordinary  clay  and  dry  sand  mixed  with  clay. 

Dry  sand  and  dry  clay 

Hard  clay  and  firm,  coarse  sand 

Firm,  coarse  sand  and  gravel 

Shale  rock 

Hard  rock 


Tons  per  Square  Foot. 


I 
2 

3 

i 

8 
20 


*  Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons. 
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Mr.  E.  L.  Corthell  gives  the  summary  of  the  pressures  on  deep  foundations  in  Table  III. 

TABLE  IJI. 
Actual  Pressures  on  Deep  Foundations.* 


Actual  Pressures  which  Showed  No  Settlement.                                             | 

Material. 

Number  of 
Examples. 

Prewure  in  Tons  per  Square  Foot.                       | 

Maximum. 

Avezaoe. 

Fine  sand ...... 

10 

33 

10 

rl 

5 

5-4 
7-75 

6.2 

8.0 

I2.0 

2.25 

2-4 

25 

i-S 

2.0 

3.0 

45 
49 

if 

Coarse  sand  and  gravel 

Sand  and  clav 

Alluvium  and  silt 

Hard  clay 

Hard  pan 

Actual  Pressures  which  Showed  Settlement. 

Fine  sand 

3 

5 

2 

3 

5.6 
7.6 
74 

1.8 

n 

1.6 

5* 
3*3 

Clay 

Alluvium  and  silt 

Sand  and  clay 

The  data  in  Table  III  shows  that  great  care  must  be  used  in  determining  on  the  allowable 
pressure  for  any  particular  foundation,  and  that  safe  values  for  the  bearing  power  of  soils  should 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  great 
care  should  be  used  to  prevent  floating  logs  and  debris  from  clogging  up  the  opening.  The  neces- 
sary waterway  depends  upon  the  character  and  sizeof  the  runoff  area,  the  slope  and  size  of  the  stream 
and  upon  other  local  conditions.  The  **  Dun  Drainage  Table/'  Table  IV,  will  be  of  assistance  in 
assisting  the  judgment  of  the  engineer  in  determining  on  the  proper  waterway  for  any  bridge. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridges. 
The  formula  best  known  to  the  author  is  that  proposed  by  Professor  A.  N.  Talbot.     It  is 

A  -cVw» 

where  A  »  area  of  the  required  opening  in  sq.  ft.; 
M  B  area  of  drainage  basin  in  acres; 
c  *"  a  coefficient  varying  with  the  slope  of  the  ground,  slope  of  the  drainage  area,  character 
of  the  soil  and  character  of  vegetation. 

Professor  Talbot  gives  the  following  values  of  c  :  c  «  }  to  i  for  steep  and  rocky  ground; 
c  s  }  for  rolling  agricultural  country,  subject  to  floods  at  times  of  melting  snow,  and  with  the 
length  of  valley  3  to  4  times  its  width;  c  «  i  to  i  for  districts  not  affected  by  accumulated  snow 
and  where  the  length  of  the  valley  is  several  times  its  width. 

PREPARING  THE  FOUNDATIONS.— The  preparation  of  the  site  of  the  abutment  or 
pier  will  depend  upon  the  conditions  and  character  of  the  material. 

Rock. — ^Where  the  water  can  be  excluded,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.  The  surface  is  then  leveled  up  either  by  cutting  off  the  projections  or 
by  depositing  a  layer  of  concrete. 

Hard  Ground. — ^The  material  should  be  excavated  well  below  the  frost  and  scour  line.  Where 
the  foundations  cannot  be  carried  low  enough  to  prevent  undermining,  inles  should  be  driven  at 
about  2}  to  3  ft.  centers  over  the  foundation. 

♦  "  Allowable  Pressures  on  Deep  Foundations  •'  by  E.  L.  Corthell,  John  Wiley  &  Sons. 
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TABLE  IV. 
Tbb  Dun  Drainage  Table.* 
Atchison,  Topeka  &  Santa  Fe  Railway  System. 


AREAS  OF  waterway. 


U 


Pbrckntagb  or 
Column  a. 


is 


ti 


areas  of  waterway. 


Pbrckntagb  or 
Column  a. 


a . 

1^ 


.01 

.oa 
.03 
.04 
.OS 
.06 
.07 

MS 

.09 
.10 
.IS 
.ao 
.as 

JO 

as 

.40 
.45 
•so 
.55 
Ao 
AS 
.70 
.75 
.80 
.85 
.90 
.95 

X.0 

I.I 
I. a 
1.3 
1.4 
1.5 
lA 
1.7 
1.8 
1.9 
a.0 
a.3 

li 

a.8 
3.0 
3.a 

li 

3.8 
4.0 

4.a 

^ 

4.8 

S.O 
55 
6jO 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9-5 
10 


a.0 

12 

7.5 
9.0 

10.S 

xa.o 

X3.5 

IS 

x6 

as 

3a 

38 

44 

51 

56 

63 

66 

70 

74 

78 

81 

85 

88 

91 

94 

97 
100 

xxo 
xao 
130 
140 

ISO 

x6o 

170 
x8o 
190 
aoo 
aao 

^ 

a8o 
300 
3ai 
340 
357 
373 
388 
403 
417 
430 
443 
455 
483 
509 
533 
556 

IS 

622 

679 


1-34  in. 

1-34  " 

1-30  " 

1-36  " 

1-43  " 

1-43  " 

1-48  " 

3-36  " 

3-36  " 

3-36  " 

3-48  " 

3-4a  " 

3-48  " 


3  z 
3  z 
3  z 
ajz 

3ix 

3*X 

a|z 
3  X 


B 


3 
6 
6 
6 
8 
8 
8 
8 
8 
10 
10 
10 

10 

10 
xo 

10 
13 
13 
13 
13 

xa 

14 

\t 

16 
16 
16 

x8 

18 
18 

ao 
ao 
ao 

33 
33 

a4 

li 

38 

38 

38 

38 
38 


0 

5k" 

5{" 


X 

3  " 

3  " 

3  " 

3  " 

J" 
3  " 
3  " 

3  " 

4  '• 
z  4  A 
X  5  " 
X  Sf* 
X  4t" 
X  5 

X  6  " 
X  6  " 

» «t;; 

X  41 

X  sr* 

X  6  " 

X  6 

z  6 

z  6 

X  5 

X  5 

X  6  • 

*  7  ; 

z  8  ' 

z  6j; 

X  7  ' 

X  6j; 

X  7  ' 
X  7*' 
z  8  ' 
X  7  * 
z  8  * 

X  9i; 

z  8  • 

X  9  • 

X  9f 

z  8} 

X  9 

z  8r 

X  9 

X  7  ' 

9*: 


38  Z  10 


7*" 
z  8  " 
X  9  " 
zio  " 
zxi  " 
zixj" 

X13  " 
Z  13j  " 

ZI3  " 


105 
105 
105 
105 

105 
105 
los 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
los 
105 
X05 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
los 
105 
105 


98I 

98  f 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

93* 

93* 

93t 


II 
13 
13 
14 
15 
16 
17 
18 
19 
30 
33 

38 
30 
3a 

38 
40 

45 
50 

15 
65 
70 
75 
80 
85 
90 
95 
100 

xxo 
xao 
130 
X40 
150 
x6o 
X70 
x8o 

190 
300 

aao 

^ 

aSo 

300 

325 

350 

375 

400 

450 

SOO 

550 

600 

700 

800 

900 

1,000 

3,000 

3,000 

4.000 

5.000 


7x0 
740 
775 
80s 
835 
86S 
890 

930 
945 
970 
X.OIS 
x,o6o 
x,xoo 
1. 140 
1,180 
i,aao 
i.ass 
1,390 
x,3ao 
X.350 
1.435 
I.510 
1.580 
1.650 

X.730 

1,780 
1,840 
X.900 
1,960 

3,0IS 
3.065 
3,130 
3,330 

a.3  IS 
a,405 
a.soo 
a,s8o 
3.665 
a.745 
3,8ao 
3.900 
3,970 
3.1X5 
3.345 
3.370 
3.495 
3.615 
3,770 
3,900 
4.035 
4.165 
4,385 
4.6x0 
4.835 
5.030 
S,4ao 
S,8oo 
6,080 
6.380 
8.830 

10,640 
X3,X60 

X3.S00 


105 

93 

105 

93 

105 

93 

105 

93 

105 

93 

105 

94 

105 

94 

105 

94 

105 

94 

105 

94 

105 

94 

1x0 

94 

xxo 

9a 

xxo 

9a 

xxo 

9a 

XIO 

92 

xxo 

9a 

XXO 

91 

xxo 

91 

XXO 

91 

xxo 

0*. 

xxo 

89i 

lis 

89} 

IIS 

89* 

IIS 

88 

lis 

88 

IIS 

88 

IIS 

86 

IIS 

86 

IIS 

86 

1x5 

86 

130 

85 

1 30 

85 

xao 

85 

las 

83} 
83} 

135 

130 

8a 

130 

83 

130 

St 

130 

130 

79 

130 

79 

130 

77* 
77* 

130 

130 

76 

130 

76 

130 

74* 
74* 

130 

130 

73 

130 

". 

130 

71* 

130 

70, 

130 

68* 

130 

67 

130 

6S 

130 

63 

130 

59 

130 

56 

X30 

130 

130 

. . . . 

130 

130 

The  above  HattifiraHfrn  tyy  itates  Is  for  ooovenience  only,  and  merdy  denotes  the  seneral  chancteriitlct  of 
topocrai^y  and  rainfall. 

Column  3  in  this  table  is  prepaxed  from  observations  of  streams  in  Southwest  Missouri,  Eastern  Kansas, 
Western  Arkansas  and  the  southeastein  portions  of  the  Indian  Territory.  In  all  this  region  steep,  roclcy  slopes 
prevail  and  the  soil  absorbs  but  a  small  percentafe  of  the  rainfalls.  It  faidicates  larger  waterways  than  are  required 
in  Western  Kansas  and  level  portions  of  Missouri.  Colorado.  New  Mexico  and  Western  Texas. 


*  American  Railway  Engineering:  Association,  Vol.  12,  p.  484.    This  report  also  contains  a'- 
elaborate  report  on  Runoff  and  Waterways  for  Culverts. 
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EXABG>L£S  OF  RAILWAY  BRIDGE  ABUTliENTS.— Standard  stone  masonry  abut- 
ments designed  by  the  Baltimore  &  Ohio  Railway  are  shown  in  Fig.  3.  These  abutments  are 
to  be  used  for  deck  and  through  girder  spans.  The  plans  are  worked  out  in  detail  and  give  data 
for  different  conditions. 

Standard  designs  for  a  straight  abutment  and  for  a  wing  abutment  designed  by  the  N.  Y.  C. 
&  H.  R.  R.  R.  are  shown  in  Fig.  4.  Data  for  different  conditions  are  given  on  the  plans.  The 
quantity  of  masonry  and  of  old  railroad  rails  required  for  the  N.  Y.  C.  &  H.  R.  R.  R.  abutments 
shown  in  Fig.  4  are  given  in  Fig.  5.  The  wings  are  the  length  required  for  a  flare  of  30  degrees  and 
a  side  slope  of  roadway  of  1}  to  i. 
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Fig.  5.    QuAKirrres  in  Masonry  Abutments,  N.  Y.  C.  &  H.  R.  R.  R. 


The  quantity  of  concrete  in  single  track  railway  bridge  abutments  as  designed  by  the  Illinots 
Central  R.  R.  are  given  in  Fig.  6.  The  quantities  In  double  track  abutments  may  be  cakulated 
as  shown  in  Fig.  6. 

Cooper's  St«nd«rd  Atmtments  — The  abutment  in  (a).  Fig.  7,  is  from  Cooper's  "General 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  Bridges.*' 
The  length,  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  as 
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given,  and  are  proportional  for  intermediate  spans.    These  abutments  may  be  made  of  either 
first-class  stone  masonry,  or  first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  the  value  of  a  in  Fig.  7.  The  mini- 
mum thickness  of  the  wall  at  any  point  is  to  be  0.4  of  the  height!  The  length  of  the  wing  walls 
will  be  determined  by  local  conditions. 
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Fig.  6.    Quantities  in  Masonry  Abutments,  Illinois  Central  Railroad. 

The  abutment  without  wing  walls  in  (6),  Fig.  j,  has  the  same  dimensions  as  the  abutment 
with  wing  walls.  The  width  for  single  track  electric  railways  may  be  taken  as  14  ft.,  double 
track  26  ft.    The  approximate  cubical  quantities  in  abutments  without  wing  walls  are  given  in 

Fig.  7- 

RAILWAT  BRIDGE  PIERS. — ^Standard  piers  for  railway  bridges  as  designed  by  the 
N.  Y.  C.  &  H.  R.  R.  R.  are  shown  in  Fig.  8.  Dimensions  and  data  for  different  spans  and  heights 
of  piers  are  given  on  the  plans.  The  quantities  of  masonry  in  the  standard  plans  shown  in  Fig.  8 
are  given  in  Fig.  9,  for  deck  spans  and  for  through  spans. 

Quantities  of  masonry  in  piers  for  deck  plate  girder  spans  are  given  in  Fig.  10  and  for  through 
girder  and  truss  spans  in  Fig.  11.  These  piers  were  designed  and  the  estimates  were  prepared  by 
the  bridge  department  of  t^  Illinois  Central  Railroad. 

niinois  Central  Railroad  Pier. — Details  of  a  concrete  pier  designed  and  built  by  the  Illinois 
Central  Railroad  are  shown  in  Fig.  12.  The  pier  rests  on  timber  piles  spaced  as  shown.  The 
"starkwater"  b  reinforced  with  an  8  in.  I  beam. 

Cooper's  Standard  Masonry  Piers.— The  masonry  pier  in  Fig.  13  is  from  Cooper's  "General 
Specifications  for  Substructures  of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and 
the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  13.  These 
piers  may  be  made  of  either  first-class  stone  masonry,  or  first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  /,  and  6  inches  to  a.  The  width, 
w  =*  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  26  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose 
of  the  cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  approximate  cubical  con- 
tents of  the  piers  are  given  in  Fig.  13. 

STEEL  TUBULAR  PIERS.— Steel  tubular  piers  are  made  of  steel  plates  riveted  together 
and  filled  with  concrete.    Where  the  piers  are  founded  on  soft  material,  piles  are  driven  in  the 
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ments designed  by  the  Baltimore  &  Ohio  Railway  are  shown  in  Fig.  3.  These  abutments  are 
to  be  used  for  deck  and  through  girder  spans.  The  plans  are  worked  out  in  detail  and  give  data 
for  different  conditions. 

Standard  designs  for  a  straight  abutment  and  for  a  wing  abutment  designed  by  the  N.  Y.  C. 
&  H.  R.  R.  R.  are  shown  in  Fig.  4.  Data  for  different  conditions  are  given  on  the  plans.  The 
quantity  of  masonry  and  of  old  railroad  rails  required  for  the  N.  Y.  C.  &  H.  R.  R.  R.  abutments 
shown  in  Fig.  4  are  given  in  Fig.  5.  The  wings  are  the  length  required  for  a  flare  of  30  degrees  and 
a  side  slope  of  roadway  of  1}  to  i. 
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Fig.  5.    QuAKiTTiBS  in  Masonry  Abutments,  N.  Y.  C.  &  H.  R.  R.  R. 


The  quantity  of  concrete  in  single  track  railway  bridge  abutments  as  designed  by  the  Illinois 
Central  R.  R.  are  given  in  Fig.  6.  The  quantities  In  double  track  abutments  may  be  calculated 
as  shown  in  Fig.  6. 

Cooper's  St«nd«rd  Atmtments  — The  abutment  in  (a).  Fig.  7.  is  from  Cooper's  "General 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  Bridges.*' 
The  length,  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  as 
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given,  and  are  proportional  for  intermediate  spans.    These  abutments  may  be  made  of  either 
first-class  stone  masonry,  or  first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  the  value  of  a  in  Fig.  7.  The  mini- 
mum thickness  of  the  wall  at  any  point  is  to  be  0.4  of  the  height:  The  length  of  the  wing  walls 
will  be  determined  by  local  conditions. 
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Fig.  6.    Quantities  in  Masonry  Abutments,  Illinois  Central  Railroad. 

The  abutment  without  wing  walls  in  (6),  Fig.  7,  has  the  same  dimensions  as  the  abutment 
with  wing  walls.  The  width  for  single  track  electric  railways  may  be  taken  as  14  ft.,  double 
track  26  ft.    The  approximate  cubical  quantities  in  abutments  without  wing  walls  are  given  in 

Fig.  7- 

RAILWAT  BRIDGE  PI£RS.~Standard  piers  for  railway  bridges  as  designed  by  the 
N.  Y.  C.  &  H.  R.  R.  R.  are  shown  in  Fig.  8.  Dimensions  and  data  for  different  spans  and  heights 
of  piers  are  given  on  the  plans.  The  quantities  of  masonry  in  the  standard  plans  shown  in  Fig.  8 
are  given  in  Fig.  9,  for  deck  spans  and  for  through  spans. 

Quantities  of  masonry  in  piers  for  deck  plate  girder  spans  are  given  in  Fig.  10  and  for  through 
girder  and  truss  spans  in  Fig.  11.  These  piers  were  designed  and  the  estimates  were  prepared  by 
the  bridge  department  of  t^  Illinois  Central  Railroad. 

niinois  Central  Railroad  Pier. — Details  of  a  concrete  pier  designed  and  built  by  the  Illinois 
Central  Railroad  are  shown  in  Fig.  12.  The  pier  rests  on  timber  piles  spaced  as  shown.  The 
"starkwater"  is  reinforced  with  an  8  in.  I  beam. 

Cooper't  Standard  Masonry  Piers.— The  masonry  pier  in  Fig.  13  is  from  Cooper's  "General 
Specifications  for  Substructures  of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and 
the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  13.  These 
piers  may  be  made  of  either  first-class  stone  masonry,  or  first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  /,  and  6  inches  to  a.  The  width, 
w  =  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  26  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose 
of  the  cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  approximate  cubical  con- 
tents of  the  piers  are  given  in  Fig.  13. 

STEEL  TUBULAR  PIERS.— -Steel  tubular  piers  are  made  of  steel  plates  riveted  together 
and  filled  with  concrete.    Where  the  piers  are  founded  on  soft  material,  piles  are  driven  in  the 
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Fig.  9.    Quantities  in  Masonry  Piers,  N.  Y.  C.  &  H.  R.  R.  R. 
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Fig.  10.    Quantities  in  Masonry  Piers  for  Deck  Girders,  Illinois  Central 

Railroad. 
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Fig.  II.    Quantities  in  Masonry  Piers  for  Through  Spans,  Illinois  Central 

Railroad. 

The  bracing  of  piers  shall  be  designed  to  take  all  the  wind  forces  specified  to  come  on  the 
bridge.  Diaphragm  webs  are  to  be  used  up  to  well  above  high  water  for  piers  located  in  the 
stream  or  where  floating  materials  may  find  lodgment.  Oblong  piers  shall  be  braced  against 
inside  and  outside  pressure.  Piers  exposed  to  injury  from  floating  logs  and  drift  shall  be  pro- 
tected. 

The  tubes  should  be  painted  inside  and  out  with  two  coats  of  red  lead  and  linseed  oil,  or 
other  prescribed  paint. 
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The  materials  and  workmamhip  shall  comply  with  the  sped&catioos  for  the  highway  bridge 
superstructure. 

EredkML — Where  the  bottom  will  permit,  the  tubes  shall  be  sunk  well  below  possible  scour 
by  loacting  the  tube  and  excavating  the  material  from  the  inside.  For  this  purpose  a  clamshell 
bucket  is  very  effective.  Ehiving  the  tube  with  a  pile  driver  will  cut  off  the  rivets  m  the  horizontal 
seams  and  will  not  be  permitted.  After  the  tube  is  sunk«  piles  are  to  be  driven  inside  of  the 
steel  shell,  as  closely  together  as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to  the 
steel  shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  tops  sawed  off  below  the  low 
water  mark  and  reaching  at  least  2  diameters  of  the  tube  above  the  bottom.  The  space  inside  the 
tubes  shall  then  be  filled  with  concrete  well  tamped.  Concrete  should  not  be  deposited  in  running 
water  if  possible  to  prevent  it. 
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Fig.  12.    Details  op  Illinois  Central  Railroad  Pier. 


Where  pfers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filled 
with  concrete.  Or  cribs  may  be  sunk  on  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  and 
resting  on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tpbe  is  filled 
with  concrete  in  the  usual  manner. 

Cylinder  Piers  for  EOf^way  Bridge,  Tndl,  B.  C* — ^Steel  cylinder  piers  were  used  for  a  steel 
highway  bridge  designed  by  WaddcU  and  Harrington,  Consulting  Engineers,  and  built  across 
the  Columbia  River  at  Trail,  B.  C.  The  main  spans  are  172  ft.  8  in  long  and  are  carried  on 
piers  made  of  two  steel  cylinders  filled  with  concrete.  The  steel  cylinders  are  9  ft.  in  diameter 
at  the  bottom*  and  6  ft.  in  diameter  at  the  top,  and  are  86  ft.  long.    The  cylinders  are  made  of 

♦  Engineering  News,  Dec  5,  1912. 
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Fig.  13.    Masonry  Piers  for  Electric  Railway  and  Highway  Bridges. 
Cooper's  Standards. 


262 


BRIDGE  ABUTMENTS  AND  PIERS. 


Chap.  VI 


plates  }  in.  thick  and  are  connected  by  a  double  plate  web  diaphragm,  each  diaphragm  made 
of  A  in.  plates  spaced  24  in.  apart  and  25  ft.  high,  and^ reaching  from  below  low  water  to  above 
high  water.  The  diaphragms  were  covered  and  filled  with  concrete.  The  cylinders  are  spaced 
21  ft.  centers.    The  piers  were  sunk  by  the  pneumatic  process. 
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Steel  Tubular  Pjers 

MfNiNuM  Sizes  of  Steel  Tubular  Piers j  Cooper's  Standards 
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Fig.  14.    Steel  Tubular  Piers  for  Electric  Railway  and  Highway  Bridges. 

Cooper's  Standards. 

STEEL  CYLINDER  PIERS  FOR  RAILWAY  BRIDGES.— Steel  cylinder  piers  have  been 
used  for  the  foundations  of  several  important  bridges.  Table  V,  by  the  Chicago  and  Northwestern 
Railway.  Mr.  W.  H  Finley,  Asst.  Chief  Engineer,  gives  the  following  advantages  of  steel  cylinder 
piers  over  masonry  piers.* 

(i)  "Where  it  is  desired  to  provide  for  future  second  track,  cylinder  foundatioiis  wiU  cost 
very  little  more  for  double  track  than  for  single  track. 

•  Engineering  News,  Oct.  24,  1912. 


STEEL  CYLINDER  PIERS  FOR  RAILWAY  BRIDGES. 


(2)  "Cylinder  piers  can  be  constructed  under  traffic  with  less  trouble  than  any  other  type. 

(3)  "  Cylinder  piers  permit  of  rapid  sinking  by  open  dredging  where  the  material  is  favorable 
and  sunken  logs  are  not  liable  to  be  encountered.  Air  pressure  can  be  applied  readily  and  cheaply 
if  it  becomes  necessary." 

Details  of  the  cylinder  piers  for  the  Oxford  Mill  Pond  bridge  are  shown  in  Fig.  17,  and  details 
of  the  steel  shells  for  the  base  of  the  piers  are  shown  in  Fig.  18.  The  bridge  is  481  feet  long  and 
consists  of  30  ft.  and  60  ft.  spans  resting  on  piers  made  of  two  steel  cylinders  and  a  steel  shell  for 
the  base,  filled  with  concrete. 
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Fig.  15.    Steel  Oblong  Piers  for  Electric  Railway  and  Highway  Bridges. 
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TABLE  V. 
Data  on  Several  Steel  Cylinder  Piers  used  by  the  Chicago  and  Northwestern 

Railway. 


Biidoe. 


Boone  Viaduct 

Lake  Butte  Des  Morts  Via- 
duct  


Buffalo  Lake  Viaduct. 


Oxford  Mill  Pond  Viaduct. 

Pekin  Bridge 

Pekin  Bridge 

Pekin  Bridge 
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*  Rests  on  Sandstone. 


t  Haid  Clay. 


X  Rests  on  Hard  Shale. 
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American  Bridge  Company. 


STEEL  CYLINDER  PIERS  FOR  RAILWAY  BRIDGES. 


265 


y...V >.  ^— -4r-.y.«s»t-4<rB«g/:/r,..-, r.!g.— ^^^<^.: 


CL  of  Fuhre  Track 


cv«  Pm^  ,  ^  -  .         «         .  CL.af Present Thack  — >{.    ,-i_^g 


eOR6\\ 


ZO'P.O. 


it 


CM* 


:5o''0'' 

^^•Concrefe  Finish^ 
'  TbpofSfeelShefh 


\ I 

PItRS 

f%  r\  <•»  t\  ry 


7im^ ^ 

dhck  Mjck 


fine  Sand pitR-*  T-^i 


5> 

5 
I 

i 


-J^ i 


FlG.  17. 


CoarstSand 


Longiiudlnaf   Ilcva+ion  Cross   Sectional  Elevation' 

Steel  Tubular  Piers,  Oxford  Mill  Pond  Bridge,  Chicago  & 
Northwestern  Railway. 


60° 
S«c+ion 

C-D 
(Enlarged) 


I 
I 


V 

« 


C^ 


.L.._l. 


-U. 


I 


'6*C  H  C  ofCyfhKhr  Piers > 

Top  'of   She// 


K0I+  lop   Plon 
Top  of  Sheff 


11 


frf 


Rivef^  L 


M\       AnSicf9ptatm      t^rij 


4.<*??%iL-_. 


:»..,Ju^- 


^ie=i5i^ 


II 


1 


BemfiiV 


*J *--B— '« 


k — 

Fig.  18. 


Sid«      Ct^vai-iori 


..!>_>, 


Ver+kiol   Section  A-B 

EN6.NKWS 


Steel  Shell  for  Base  of  Cylinder  Piers  of  the  Oxford  Mill  Pond 
Bridge,  Chicago  &  Northwestern  Railway. 


MASONRY  AND  CONCRETE  DEFINITIONS  AND  SPECIFICATIONS , 
Classification  of  Masonry.* 


Kind. 


Material. 


Description. 


Manner  of 
Work. 


Dresains. 


Joints  or  Beds. 


Face  or  Surf  ace. 


Bridge  and  Retaining 
Wall 


Stone. 


Arch.., 

Culvert 
Dry. . . 


Concrete. . 

Stone 

Concrete. . 
Brick 
Stone 


(  Dimension 
Ashlar. . . . 


.  Rubble 
Reinforced 
Plain 
Rubble 

Ashlar 

Rubble 

/  Reinforced 
\  Plain 

No.  I 


Concrete.  . 
Stone 


/  Rubble 
iDry 

Reinforced 

Plain 

Rubble 

Rubble 


Coursed 

Coursed   ] 

Broken-    [ 

coursed  J 

Uncoursed 


Coursed. . . 
Uncoursed 


English 

Bond 
Flemish 

Bond 

Uncoursed 


Uncoursed 


Smooth . . . . , 

Smooth 
Fine  pointed 
Rough  pointed 

/  Rough  pointed 
\  Scabbled 


'  Smooth 
^  Fine  pointed 
Rough  pointed 
,  Scabbled 


{Rough  pointed 
Scabbled 


I  Smooth 
\  Rock-faced 

/Smooth 
\  Rock-faced 

Rock-faced 


/Smooth 
\  Rock-faced 

Rock-faced 


Rock-faced 


Definitions.* 

Masonry,  Bridge  and  Retaining  Wall, — Masonry  of  stone  or  concrete,  designed  to  carry 
the  end  of  a  bridge  span  or  to  retain  the  abutting  earth,  or  both. 

Masonry,  Arch. — ^That  portion  of  the  masonry  in  the  arch  ring  only,  or  between  the  intrados 
and  the  extrados. 

Masonry,  Culvert — ^Flat-top  masonry  structure  of  stone  or  concrete,  designed  to  sustain  the 
fill  above  and  to  permit  the  free  passage  of  water. 

Masonry,  Dry. — Masonry  in  which  stones  are  built  up  without  the  use  of  mortar. 

Concrete. 

Concrete. — A  compact  mass  of  broken  stone,  gravel  or  other  suitable  material  assembled 
together  with  cement  mortar  and  allowed  to  harden. 

Reinforced  Concrete. — Concrete  which  has  been  reinforced  by  means  of  metal  in  some  form, 
so  as  to  develop  the  compressive  strength  of  the  concrete. 

Rubble  Concrete. — Concrete  in  which  rubble  stone  are  imbedded. 

Brick. 
Brick. — Wo.  X. — ^Hard  burned  brick,  absorption  not  exceeding  2  per  cent  by  weight. 

Cement. 

Cement. — ^A  material  of  one  of  the  three  classes,  Portland,  Natural  and  Puzzolan,  possesang 
the  property  of  hardening  into  a  solid  mass  when  mixed  with  water. 

*  Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.  7,  1906,  pp.  596-601,  619;  Vol.  12,  1911. 
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Portland  Cement— ^This  term  shall  be  applied  to  the  finely  pulverized  product  resulting 
fiom  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argil- 
laceous and  calcareous  materials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made 
subsequent  to  calcination. 

llatural  Cement — ^This  term  shall  be  applied  to  the  finely  pulverized  product  resulting  from 
the  calcination  of  an  argillaceous  limestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 
acid  gas. 

Pozzolan  Cement,  as  Made  in  North  America. — ^An  intimate  mixture  obtained  by  finely 
pulverizing  together  granulated  basic  blast  furnace  slag  and  slacked  lime. 

Courses  and  Bond. 

Conned. — ^Laid  with  continuous  bed  joints. 

Broken  Coursed. — ^Laid  with  parallel,  but  not  continuous,  bed  joints. 

Unconrsed. — Laid  without  regard  to  courses. 

English  Bond. — ^That  disposition  of  bricks  in  a  structure  in  which  each  course  is  composed 
entirely  of  headers  or  of  stretchers. 

Flemish  Bond. — ^That  disposition  of  bricks  in  a  structure  in  which  the  headers  and  stretchers 
alternate  in  each  course,  the  header  being  so  placed  that  the  outer  end  lies  on  the  middle  of  a 
stretcher  in  the  course  below. 

Drbssing. 

Dressing. — ^The  finish  given  to  the  surface  of  stones  or  to  concrete. 

Smooth. — Having  surface,  the  variations  of  which  do  not  exceed  one-sixteenth  inch  from  the 
pitch  line. 

Fine  Pointed. — ^Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-quarter 
inch  from  the  pitch  line. 

Rough  Pointed. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-half 
inch  from  the  pitch  line. 

Scabbled.-^Having  irregular  surface,  the  variations  of  which  do  not  exceed  three-quarters 
inch  from  the  pitch  line. 

Rock-Faced. — ^Presenting  irregular  projecting  face,  without  indications  of  tool  mark. 

DBscRipnvB  Words. 

Almtment — ^A  supporting  wall  carrying  the  end  of  a  bridge  or  span  and  sustaining  the  pressure 
of  the  abutting  earth.    The  abutment  of  an  arch  is  commonly  called  a  bench  wall. 

Arris. — ^The  external  edge  formed  by  two  surfaces,  whether  plain  or  curved,  meeting  each 
other. 

Ashlar. — ^A  squared  or  cut  block  of  stone  with  rectangular  dimensions. 

Baddng. — That  portion  of  a  masonry  wall  or  structure  built  in  the  rear  of  the  face.  It  must 
be  attached  to  the  face  and  bonded  with  it.     It  is  usuallv  of  a  cheaper  grade  of  work  than  the  face. 

Batter. — ^The  slope  or  inclination  of  the  face  or  back  of  a  wall  from  a  vertical  line. 

Bed. — ^The  top  and  bottom  of  a  stone.     (See  Course  Bed;  Natural  Bed;  Foundation  Bed.) 

Bed  Joint — ^A  horizontal  joint,  or  one  perpendicular  to  the  line  of  pressure. 

Bend  WalL — ^The  abutment  from  which  an  arch  springs. 

Bond. — ^The  mechanical  disposition  of  stone,  brick  or  other  building  blocks  by  overlapping 
to  break  joints. 

Build. — ^A  vertical  joint. 

Centering. — ^A  temporary  support  used  in  arch  construction.     (Also  called  centers.) 

Clamp. — ^An  instrument  for  lifting  stone  so  designed  that  its  grip  on  the  surface  of  the  stone 
is  increased  as  the  load  is  applied.  That  portion  engaging  the  stone  is  of  wood  attached  to  a  steel 
shoe,  which  in  turn  is  hinged  to  the  shank  of  the  clamp  in  such  a  manner  as  to  adjust  itself  to  the 
surface  of  the  txxly  lifted. 

Coping. — ^A  top  course  of  stone  or  concrete,  generally  slightly  projecting,  to  shelter  the  masonry 
from  the  weather,  or  to  distribute  the  pressure  from  exterior  loading. 

Coarse. — ^Each  separate  layer  in  stone,  concrete  or  brick  masonry. 

Coarse  Bed. — ^Stone,  brick  or  other  building  material  in  position,  upon  which  other  material 
is  to  be  laid. 

Cramps. — Bars  of  iron  having  the  ends  turned  at  right  angles  to  the  body  of  the  bar  which 
enter  holes  in  the  upper  side  of  adjacent  stones. 

Calvert — ^A  small  covered  passage  for  water  under  a  roadway  or  embankment 

INmension  Stone. — (i)  A  block  of  stone  cut  to  specified  dimensions. 

Dimension  Stone, — (2)  Large  blocks  of  stone  quarried  to  be  cut  to  specified  dimensions. 
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Dowels. — (a)  Straight  bars  of  iron  which  enter  a  hole  in  the  upper  side  of  one  stone  and  also 
a  hole  in  the  lower  side  of  the  stone  next  above. 

Dowel. — (b)  A  two-piece  steel  instrument  used  in  lifting  stone.  The  dowel  engages  the 
stone  bv  means  of  two  holes  drilled  intp  the  stone  at  an  angle  of  about  45  degrees  pointing  toward 
each  othef .    The  dowel  is  not  keyed  in  place. 

Draft — ^A  line  on  the  surface  of  a  stone  cut  to  the  breadth  of  the  chisel. 

Expansion  Joint — ^A  vertical  joint  or  space  to  allow  for  tempei;ature  changes. 

Extrados. — ^The  upper  or  convex  surface  of  an  arch. 

Intrados. — ^The  inner  or  narrow  concave  surface  of  an  arch. 

Face. — The  exposed  surface  in  elevation. 

Facing. — In  concrete:  (i)  A  rich  mortar  placed  on  the  exposed  surfaces  to  make  a  smooth 
finish. 

(2)  Shovel  facing  by.  working  the  mortar  of  concrete  to  the  face.  , 

Final  Set — ^A  stage  of  the  process  of  setting  marked  by  certain  hardness.  (See  Cement 
Specifications.) 

Flush. — (Adj.)     Having  the  surface  even  or  level  with  an  adjacent  surface. 

Flush. — (Verb.)  (i)  To  fill.  (2)  To  bring  to  a  level.  (3)  To  force  water  to  the  surface 
of  mortar  or  concrete  by  compacting  or  ramming. 

Footing. — ^A  projecting  bottom  course. 

Form. — A  temporary  structure  for  giving  concrete  a  desired  shape. 

Foundation. — (i)  That  portion  of  a  structure  usually  below  the  surface  of  the  ground,  which 
distributes  the  pressure  upon  its  support.  (2)  Also  applied  to  the  natural  support  itself;  rock, 
clay,  etc. 

Foundation  Bed. — The  surface  on  which  a  structure  rests. 

Grout — ^A  mortar  of  liquid  consistency  which  can  easily  be  poured. 

Header. — ^A  stone  which  has  its  greatest  length  at  right  angles  to  the  face  of  the  wall,  and 
which  bonds  the  face  stones  to  the  backing. 

Initial  Set — ^An  early  stage  of  the  process  of  setting,  marked  by  certain  hardness.  (See 
Cement  Specifications.) 

Joint — ^The  narrow  space  between  adjacent  stones,  bricks  or  other  building  blocks,  usually 
filled  with  mortar. 

Laf;ging. — Strips  used  to  carry  and  distribute  the  weight  of  an  arch  to  the  ribs  or  centering 
during  Its  construction. 

Lewis. — A  four-piece  steel  instrument  used  in  lifting  stone.  (The  lewis  engages  the  stone 
by  means  of  a  triangular-shaped  hole  into  which  it  is  keyed.) 

Lock. — ^Any  special  device  or  method  of  construction  used  to  secure  a  bond  in  the  work. 

Mortar. — k  mixture  of  fine  aggregate,  cement  or  lime  and  water  used  to  bind  together  the 
materials  oi  concrete,  stone  or  brick  in  masonry  or  to  cover  the  surface  of  the  same. 

Natural  Bed. — ^The  surfaces  of  a  stone  parallel  to  its  stratification. 

Parapet. — ^A  wall  or  barrier  on  the  edge  of  an  elevated  structure  for  protection  or  ornament. 

Paidng. — Regularly  placed  stone  or  brick  forming  a  floor. 

Pier. — ^An  intermediate  support  for  arches  or  other  spans. 

Pitch. — (Verb.)     To  square  a  stone. 

Pitched. — Having  the  arris  clearly  defined  by  a  line  beyond  which  the  rock  is  cut  away  by 
the  pitching  chisel  so  as  to  make  approximately  true  edges. 

Pointing. — Filling  joints  or  defects  in  the  face  of  a  masonry  structure. 

Retaining  Wall. — ^A  wall  for  sustaining  the  pressure  of  earth  or  filling  deposited  behind  it. 

Vottssoiii. — ^The  individual  stones  forming  an  arch.  They  are  always  of  truncated  wedge 
form. 

Ring  Stones. — ^The  end  voussoirs  of  an  arch. 

Riprap. — Rough  stone  of  various  sizes  placed  compactly  or  irregularly  to  prevent  scour  by 
water. 

Rubble. — ^Field  stone  or  rough  stone  as  it  comes  from  the  quarry.  When  it  is  of  a  large  or 
massive  size  it  is  termed  block  rubble. 

Rubbed. — A  fine  finish  made  by  rubbing  with  grit  or  sand  stone. 

Set — (Noun)     The  change  from  a  plastic  to  a  solid  or  hard  state. 

Slope  Wall. — A  wall  to  protect  the  slope  of  an  embankment  or  cut. 

S(^t — ^The  under  side  of  a  projection. 

Spall. — (Noun).    A  chip  or  small  piece  of  stone  broken  from  a  large  block. 

Spandrel  Wall. — ^The  wall  at  the  end  of  an  arch  above  the  springing  line  and  extrados  of  the 
arch  and  below  the  coping  or  the  string  course. 

Stretcher. — ^A  stone  which  has  its  greatest  length  parallel  to  the  face  of  the  wall. 

Wing  WidL — An  extension  of  an  abutment  wall  to  retain  the  adjacent  earth. 


SPECIFICATIONS  FOR  STONE  MASONRY.* 

General. 

1.  Standard  Specifications. — ^The  classification  of  masonry  and  the  requirements  for  cement 
and  concrete  shall  be  those  adopted  by  the  American  Railway  Engineering  Association. 

2.  Engineer  Defined. — ^Where  the  term  "Engineer'.'  is  used  in  these  specifications,  it  refers 
to  the  engineer  actually  in  charge  of  the  work. 

•  General  Requirements. 

3.  Stone. — ^Stone  shall  be  of  the  kinds  designated  and  shall  be  hard  and  durable,  of  approved 
quality  and  shape,  free  from  seams,  or  other  imperfections.  Unseasoned  stone  shall  not  be  used 
where  liable  to  injury  by  frost. 

4.  Dressing. — Dressing  shall  be  the  best  of  the  kind  specified. 

5.  Beds  and  joints  or  builds  shall  be  square  with  each  other,  and  dressed  true  and  out  of 
wind.    Hollow  beds  shall  not  be  permitted. 

6.  Stone  shall  be  dressed  for  laying  on  the  natural  bed.  In  all  cases  the  bed  shall  not  be 
less  than  the  rise. 

7.  Marginal  drafts  shall  be  neat  and  accurate. 

8.  Pitching  shall  be  done  to  true  lines  and  exact  batter. 

9.  Mortar. — Mortar  shall  be  mixed  in  a  suitable  box,  6r  in  a  machine  mixer,  preferably  of 
the  batch  type,  and  shall  be  kept  free  from  foreign  matter.  The  size  of  the  batch  and  the  pro- 
portions and  the  consistency  shall  be  as  directed  by  the  engineer.  When  mixed  by  hand  the  sand 
and  cement  shall  be  mixed  dry,  the  requisite  amount  of  water  then  added  and  the  mixing  continued 
until  the  cement  is  uniformly  distributed  and  the  mass  is  uniform  in  color  and  homogeneous. 

10.  Laying. — ^The  arrangement  of  courses  and  bond  shall  be  as  indicated  on  the  drawings,  or 
as  directed  by  the  engineer.  Stone  shall  be  laid  to  exact  lines  and  levels,  to  give  the  required  bond 
and  thickness  of  mortar  in  beds  and  joints. 

1 1.  Stone  shall  be  cleansed  and  dampened  before  laying. 

12.  Stone  shall  be  well  bonded,  laid  on  its  natural  bed  and  solidly  settled  into  place  in  a  full 
bed  of  mortar. 

15.  Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be  placed  without  jarring  stone 
already  laid. 

14.  Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a  course  is  laid. 

15.  Stone  becoming  loose  after  the  mortar  is  set  shall  be  relaid  with  fresh  mortar. 

16.  Stone  shall  not  be  laid  in  freezing  weather,  unless  directed  by  the  engineer.  If  laid, 
it  shall  be  freed  from  ice,  snow  or  frost  by  warming;  the  sand  and  water  used  in  the  mortar  shall 
be  heated.  ' 

17.  With  precaution,  a  brine  may  be  substituted  for  the  heating  of  the  mortar.  The  brine 
shall  consist  of  one  pound  of  salt  to  eighteen  gallons  of  water,  when  the  temperature  is  32  degrees 
Fahrenheit;  for  every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce  of  salt  shall 
be  added. 

18.  Pointing. — Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be  removed  to  a  depth  of 
not  less  than  one  (i)  in.  Pointing  shall  not  be  done  until  the  wall  is  complete  and  mortar  set; 
nor  when  frost  is  in  the  stone. 

19  Mortar  for  pointing  shall  consist  of  equal  parts  of  sand,  sieved  to  meet  the  requirements, 
and  Portland  cement.  In  pointing,  the  joints  shall  be  wet,  and  filled  with  mortar,  pounded  in 
with  a  "set-in"  or  calking  tool  and  finished  with  a  beading  tool  the  width  of  a  joint,  used  with  a 
straight-edge. 

BsiDGB  AND  Retaining  Wall  Mason&t— Ashlar  Stone. 

30.  Bridge  and  Retaining  Wall  Masonry.  Ashlar  Stone. — ^The  stone  shall  be  lam  and 
well  proportioned.  Courses  shall  not  be  less  than  fourteen  (14)  in.  or  more  than  thirty  (30)  in. 
thickf  thickness  of  courses  to  diminish  regularly  from  bottom  to  top. 

21.  Dressing. — Beds  and  joints  or  builds  of  face  stone  shall  be  fine-pointed,  so  that  the 
mortar  layer  should  not  be  more  than  one-half  (|)  in.  thick  when  the  stone  is  laid. 

22.  Joints  in  face  stone  shall  be  full  to  the  square  for  a  depth  equal  to  at  least  one-half  the 
height  of  the  course,  but  in  no  case  less  than  twelve  (12)  in. 

^  Adopted  by  American  Railway  Engineering  Association. 
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23.  Face  or  Surface. — Exposed  surfaces  of  the  face  stone  shall  be  rock-faced,  and  edges  pitched 
to  the  true  lines  and  exact  batter;  the  face  shall  not  project  more  than  three  (3)  in.  beyond  the 
pitch  line. 

24.  Chisel  drafts  one  and  one-half  (i})  in.  wide  shall  be  cut  at  exterior  corners. 

25.  Holes  for  stone  hooks  shall  not  be  permitted  to  show  in  exposed  surfaces.  Stone  shall 
be  handled  with  clamps,  keys,  lewis  or  dowels. 

26.  Stretchers. — ^Stretchers  shall  not  be  less  than  four  (4)  ft.  long  and  have  at  least  one  and  a 
quarter  times  as  much  bed  as  thickness  of  course. 

27.  Headers. — Headers  shall  not  be  less  than  four  (4)  ft.  long,  shall  occupy  one-fifth  of  face 
of  wall,  shall  not  be  less  than  eighteen  (18)  in.  wide  in  face,  and,  where  the  course  is  more  than 
eighteen  (18)  in.  high,  width  of  face  shall  not  be  less  than  height  of  course. 

28.  Headers  slmll  hold  in  heart  of  wall  the  same  size  shown  in  face,  so  arranged  that  a  header 
in  a  superior  course  shall  not  be  laid  over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the 
same  disposition  shall  occur  in  back  of  wall. 

29.  Headers  in  face  and  back  of  wall  shall  interlock  when  thickness  of  wall  will  admit. 

30.  Wiere  the  wall  is  three  (3)  ft.  thick  or  less,  the  face  stone  shall  pass  entirely  through. 
Backing  shall  not  be  permitted. 

*^i-a.  Backing. — Backing  shall  be  large,  well-shaped  stone,  roughly  bedded  and  jointed; 
bed  joints  shall  not  exceed  one  (i)  in.  At  least  one-half  of  the  backing  stone  shall  be  of  same 
size  and  character  as  the  face  stone  and  with  parallel  ends.  The  vertical  joints  in  back  of  wall 
^11  not  exceed  two  (2)  in.     The  interior  vertical  joints  shall  not  exceed  six  (6)  in.    Voids  shall 

be  thoroughly  filled  withj^^/^^^  j^^^^  ^^  ^^^^^^  ,^^^^ 

I  concrete. 
31-b.  Backing  shall  be -I  heade/s  and  stretchers,  as  specified  in  paragraphs  26  and  27,  and 
\     heart  of  wall  filled  with  concrete, 

32.  Where  the  wall  will  not  admit  of  such  arrangement,  stone  not  less  than  four  (4)  ft.  long 
shall  be  placed  transversely  in  heart  of  wall  to  bond  the  opposite  sides. 

33.  Where  stone  is  backed  with  two  courses,  neither  course  shall  be  less  than  eight  (8)  in. 
thick. 

34.  Bond. — Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be  less  than  twelve  (12) 
in.    Backing  shall  be  laid  to  break  joints  with  the  face  stone  and  with  one  another. 

^5.  Coping.— Coping  stone  shall  be  full  size  throughout,  of  dimensions  indicated  on  the 
drawings. 

36.  Beds,  joints  and  top  shall  be  fine-pointed. 

37.  Location  of  joints  shall  be  determined  by  the  position  of  the  bed  plates,  and  be  indicated 
on  the  drawings. 

38.  Locks. — ^Where  required,  coping  stone,  stone  in  the  wings  of  abutments,  and  stone 
on  piers,  shall  be  secured  together  with  iron  clamps  or  dowels,  to  the  position  indicated  on  the 
drawings. 

Bridge  and  Retaining  Wal^  Masonry — Rubble  Stone. 

39.  Dressing. — ^The  stone  shall  be  roughly  squared,  and  laid  in  irregular  courses.  Beds  shall 
be  parallel,  roughly  dressed,  and  the  stone  laid  horizontal  to  the  wall.  Face  joints  shall  not  be 
more  than  one  (i)  in.  thick.     Bottom  stone  shall  be  large,  selected  flat  stone. 

40.  Laying. — ^The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the  surface  of  back 
and  face  headers  arranged  to  interlock,  having  all  voids  in  the  heart  of  the  wall  thoroughly  filled 

r  concrete, 

L  suitable  stones  and  spallst  fuUy  bedded  in  cement  mortar. 


with  I  ^ 


Arch  Masonry — ^Ashlar  ^tone. 

41.  Arch  Masonry,  Ashlar  Stone. — ^Voussoirs  shall  be  full  size  throughout  and  dressed  true 
to  templet,  and  shall  have  bond  not  less  than  thickness  of  stone. 

42.  Dressing. — Joints  of  voussoirs  and  intrados  shall  be  fine-pointed.     Mortar  joints  shall 
not  exceed  three-eighths  (f)  in. 

r  smooth, 

43.  Face  or  Surface. — Exposed  surface  of  the  ring  stone  shall  be  \  rock  faced,  with  a  marginal 

[     draft, 

44.  Number  of  courses  and  depth  of  voussoirs  shall  be  indicated  on  the  drawings. 

45.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

*  Paragraphs  31-a  and  31-b  are  so  arranged  that  either  may  be  eliminated  according  to 
requirements.     Optional  clauses  printed  in  italics. 
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{concrete, 
large  stone,  shaped  to  fit  the  arch  bonded  to  the  spandrel 
and  laid  in  full  bed  of  mortar. 

47.  Where  waterproofing  is  reauired,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
fof  a  finishing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

48.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

49.  Bench  Walis,  Piers,  Spandrels,  etc — Bench  walls,  piers,  spandrels,  i>arapets,  wing  walls 
and  copings  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonry, 
Ashlar  Stone. 

Aach  Mason&t — Rubble  Stonb. 

50.  Arch  Masonry.  Rubble  Stone. — ^Voussoirs  shall  be  full  size  throughout,  and  shall  have 
bond  not  less  than  thickness  of  voussoirs. 

51.  Dressing. — Beds  shall  be  roughly  dressed  to  bring  them  to  radial  planes. 

52.  Mortar  joints  shall  not  exceed  one  (i)  in. 

53.  Face  or  Surface. — ^Exposed  surfaces  of  the  ring  stone  shall  be  rock-faced,  and  edges 
pitched  to  true  lines. 

54.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

{concrete, 
large  stone,  shaped  to  fit  the  arch,  bonded  to  the  span- 
drel, and  laid  in  full  bed  of  mortar. 

56.  Where  waterproofing  is  reauired,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
for  a  finishing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

57.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

58.  Bench  Walls,  Piers,  Spandrels,  etc. — Bench  walls,  piers,  spandrels,  parapets,  wing  walls 
and  copings  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonry, 
Rubble  Stone. 

Culvert  Masonry. 

59.  Culvert  Masonry. — Culvert  Masonry  shall  be  laid  in  cement  mortar.  Character  of 
stone  and  quality  of  work  shall  be  the  same  as  specified  for  Bridge  and  Retaining  Wall  Masonry, 
Rubble  Stone. 

60.  Side  Walls.— One-half  the  top  stone  of  the  side  walls  shall  extend  entirely  across  the 
wan. 

61.  Cover  Stones. — Covering  stone  shall  be  sound  and  strong,  at  least  twelve  (12)  in.  thick, 
or  as  indicated  on  the  drawings.  They  shall  be  roughly  dressed  to  make  close  joints  with  each 
other,  and  lap  their  entire  width  at  least  twelve  (12)  in.  over  the  side  walls.  They  shall  be  doubled 
umler  high  embankments,  as  indicated  on  the  drawings. 

62.  End  Walls,  Coping. — ^End  walls  shall  be  covered  with  suitable  coping,  as  indicated  on 
the  drawings. 

Dry  Masonry. 

63.  D17  MasouT. — Dry  Masonry  shall  include  dry  retaining  walls  and  slope  walls. 

64.  Retaining  Walls. — ^Ketaining  Walls  and  Dry  Masonry  shall  include  all  walls  in  which 
rubble  stone  laid  without  mortar  is  used  for  retaining  embankments  or  for  similar  purposes. 

65.  Dressing. — ^Flat  stone  at  least  twice  as  wide  as  thick  shall  be  used.  Beds  and  joints 
shall  be  roughly  dressed  square  to  each  other  and  to  face  of  stone. 

66.  Joints  shall  not  exceed  three-quarters  (})  in. 

67.  Disposition  of  Stone. — ^Stone  of  different  sizes  shall  be  evenly  distributed  over  entire 
face  of  wall,  generally  keeping  the  larger  stone  in  lower  part  of  wall. 

68  The  work  shall  be  well  bonded  and  present  a  reasonably  true  and  smooth  surface,  free 
from  holes  or  projections. 

69.  SlOTe  Walls. — ^Slope  Walls  shall  be  built  of  such  thickness  and  slope  as  directed  by  the 
engineer.  Stone  shall  not  be  used  in  this  construction  which  does  not  reach  entirely  through  the 
wall.  Stone  shall  be  placed  at  right  angles  to  the  slopes.  The  wall  shall  be  built  simultaneously 
with  the  embankment  which  it  is  to  protect. 
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REINFORCEMENT.* 

Concrete  Materials. 

1.  Cement — ^The  cement  shall  be  Portland  and  shall  meet  the  requirements  of  the  standard 
specifications. 

2.  Fine  Aggregates. — Fine  aggregate  shall  consist  of  sand,  crushed  stone  or  gravel  screenings, 
graded  from  fine  to  coarse,  and  passing  when  dry  a  screen  having  J  in.  diameter  holes;  it  shall 
preferably  be  of  hard  siliceous  material,  clean,  free  from  dust,  soft  particles,  vegetable  loam  or 
other  deleterious  matter,  and  not  more  than  6  per  cent  shall  pass  a  sieve  having  loo  meshes  per 
linear  inch. 

3.  The  fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  one  part  Portland 
cement  and  three  parts  fine  aggregate  by  weight  when  made  into  bnquettes  shall  show  a  tensile 
strength  at  least  equal  to  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  same 
cement  and  standard  Ottawa  sahd.f 

4.  Coarse  Aggregates. — Coarse  aggregate  shall  consist  of  material  such  as  crushed  stone  or 
gravel  which  is  retained  on  a  screen  having  i  in.  diameter  holes  and  having  gradation  of  sizes  from 
the  smallest  to  the  largest  particles;  it  shall  be  clean,  hard,  durable  and  free  from  all  deleterious 
matter.    Aggregates  containing  dust,  soft  or  elongated  particles  shall  not  be  used. 

5.  Water. — ^The  water  used  in  mixing  concrete  shall  be  free  from  oil,  add,  and  injurious 
amounts  of  alkalies  or  vegetable  matter. 

Steel  Reinforcement. 

6.  Manufacture. — ^Steel  shall  be  made  by  the  open-hearth  process.  ReroUed  material  will 
not  be  accepted. 

7.  Plates  and  shapes  used  for  reinforcement  shall  be  of  structural  steel  only.  Bars  and 
wire  may  be  of  structural  steel  or  high  carbon  steel. 

8.  Schedule  of  Requirements. — ^The  chemical  and  physical  properties  shall  conform  to  the 
following  limits: 


Etemento  CoDBidered. 

Structural  Sted. 

High  Carbon  Steel. 

_,       ,                       ( Basic 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

Phosphorus,  max..  | ^"^ 

Sulohur.  maximum 

Ultimate  tensile  strength  in  pounds  per  square 
inch 

Desired 

60,000 

i,500,ooot 

Ult.  tensile  strength 

Silky 

l80»flat 

Desired 
88,000 
1,000,000 

Elong.,  min.  per  cent  in  8  in.,  Fig.  i i 

Character  of  Fracture 

Ult.  tensile  strength 
Silky  or  finely 
granular 
l8o*»  d  -  4t} 

Cold  Bends  without  Fracture 

9.  Yield  Point — ^The  yield  point  for  bars  and  wire,  as  indicated  by  the  drop  of  the  beam, 
shall  be  not  less  than  60  per  cent  of  the  ultimate  tensile  strength. 

10.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  for  structural 
steel  or  6,000  lb.  for  hi^h  carbon  steel,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  ac- 
ceptable, shall  be  within  5,000  lb.  for  structural  steel,  or  8,000  lb.  for  high  carbon  steel,  of  the 
desired  ultimate. 

*  Adopted  by  the  American  Railway  Engineering  Association. 

t  This  sand  may  be  obtained  from  the  Ottawa  Silica  Company  at  a  cost  of  2  cts.  per  lb. 
f.  o.  b.  cars,  Ottawa,  111. 

iSee  paragraph  15. 
"d  "■  4/    signifies  "around  a  pin  whose  diameter  is  four  times  the  thickness  of  the  specimen. " 
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11.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time 
of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 
engineer  or  his  inspector.  Check  analysis  shall  be  made  from  finished  material,  if  called  for  by 
the  railroad  company,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
allowed. 

12.  Form  of  Specimeiis.~Plates»  Shapes  and  Bars:  Specimens  for  tensile  and  bending 
tests  for  plates  and  shapes  shall  be  made  by  cutting  coupons  from  the  finished  product,  which 
shall  have  both  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  i ;  or  with  both  edges 
parallel;  or  they  may  be  turned  to  a  diameter  of  1  in.  with  enlai^ed  ends. 

13.  Bars  shall  be  tested  in  their  finished  form. 


H-Aboata^    ^/ ^Parmnct i<eM^nfl6tJgg.^gj:!»^        :<Ab«it^ 


.loq ^ 


1 


'—^-i-wri-'Etc. 

Fig.  I. 

14.  Number  of  Tests, — ^At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt 
of  steel  as  rolled.  In  case  steel  differing  f  in.  and  more  in  thickness  is  rolled  from  one  melt,  a 
test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

15.  Modifications  in  Elongation. — For  material  less  than  ^  in.  and  more  than  }  in.  in  thick- 
ness the  following  modifications  will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  ^  in.  in  thickness  below  A  in.  a  deduction  of  2i  will  be  allowed  from  the  speci- 

fied percentage. 

(b)  For  each  J  in.  in  thickness  above  i  in.,  a  deduction  of  i  will  be  allowed  from  the  specified 

percentage. 

16.  Bending  Tests. — Bending  test  may  be  made  by  pressure  or  by  blows.  Shapes  and  bars 
less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  8. 

17.  Hiick  Material. — Test  specimensone  inch  thickanciover  shall  bend  cold  180  degrees  around 
a  pin,  the  diameter  of  which,  for  structural  steel,  is  twice  the  thickness  of  the  specimen,  and  for  high 
carbon  steel,  is  six  times  the  thickness  of  the  specimen,  without  fracture  on  the  outside  of  the  bend. 

18.  Knish. — ^Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish. 

19.  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it,  except  that  bar  steel  and  other  small  parts  may  be 
bundled  with  the  above  marks  on  an  attached  metal  tag. 

20.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and  its 
acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found  to 
have  injurious  defects,  will  be  rejected  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

21.  Reinforcing  steel  shall  be  free  from  excessive  rust,  loose  scale,  or  other  coatings  of  any 
character,  which  would  reduce  or  destroy  the  bond. 

Workmanship. 

22.  Unit  of  Measure. — The  unit  of  measure  shall^  be  the  cubic  foot.  A  bag  containing  not 
less  than  94  lb.  of  cement  shall  be  assumed  as  one  cubic  foot  of  cement.  Fine  and  coarse  aggre- 
gates shall  be  measured  separately  as  loosely  thrown  into  the  measuring  receptacle. 

23.  Relation  of  Fine  and  Coarse  Aggregates. — ^The  fine  and  coarse  as^;regates  shall  be  used 
in  such  relative  proportions  as  will  insure  maximum  density. 
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Chap.  VI 


24.  Proportioiis. — ^The  proportions  of  materials  for  the  diflPerent  classes  ol  concrete  shall  be 
as  follows: 


dait. 

Use. 

Cement. 

AoRgatca.                              1 

Fine. 

Coane. 

Note: — ^This  blank  to  be  filled  for  each  contract. 

35.  For  plain  concrete,  a  proportion  of  i  :  9  (unless  otherwise  specified)  shall  be  used,  i.  e.» 
one  part  of  cement  to  a  total  of  mne  parts  of  fine  and  coarse  aggregates  measured  separately;  for 
example,  i  cement,  5  fine  aggregate,  6  coarse  ags^regate. 

26.  For  reinforced  concrete  a  proportion  of  i  :  6  (unless  otherwise  specified)  shall  be  used, 
L  e.,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggregates  measured  separately; 
for  example,  i  cement,  2  fine  aggregate,  and  4  coarse  aggregate. 

27.  Mixiiig. — The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the  desired  con- 
sistency, and  the  mixing  shall  continue  until  the  cement  is  unimrmly  distributed  and  the  mass 
is  uniform  in  color  and  homogeneous 

28.  Heasuxiiig  Proportions. — ^The  various  ingredients,  including  the  water,  shall  be  measured 
separately,  and  the  methods  of  measurement  shaU  be  such  as  to  secure  the  proper  proportions  at 
all  times. 

29.  Machine  ICxing. — ^A  machine  mixer,  preferably  of  the  batch  type,  shall  be  used,  wher- 
ever the  volume  of  the  work  will  justify  the  expense  of  installing  the  plant.  The  requirements 
demanded  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  consistency 
and  thoroughly  mixed. 

30.  Hand  MLdng.— When  it  is  necessary  to  mix  by  hand,  the  mixing  shall  be  on  a  watertight 
platform  of  sufficient  size  to  accommodate  men  and  materials  for  the  progressive  and  rapid  mixing 
of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one-half  cubic 
yard  each.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  fine  aggregates,  andf  these  mixed  thoroughly  untu  of  an 
even  color.  The  water  necessary  to  mix  a  thin  mortar  shall  then  be  added  and  the  mortar  spread 
again.  The  coarse  aggregates,  which,  if  diy,  shall  first  be  thoroughly  wetted  down,  shall  then 
be  added  to  the  mortar.  The  mass  shall  then  be  turned  with  shovels  or  hoes  until  thoroughly 
mixed  and  all  the  aggregate  covered  with  mortar.  Or,  at  the  option  of  the  engineer,  the  coarse 
aggregate  may  be  added  before,  instead  of  after,  adding  the  water. 

31.  Consistency. — ^The  materials  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and  which,  on 
the  other  hand,  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  separation  of  the 
coarse  amegate  from  the  mortar.^ 

32.  Retempering. — Retempering  mortar  or  concrete,  i  e.,  remixing  with  water  after  it  has 
partially  set,  will  not  be  permitted. 

33.  Pladng  of  Concrete. — Concrete  after  the  completion  of  the  mixing  shall  be  handled 
rapidly  to  the  place  of  final  deposit  and  under  no  circumstances  shall  concrete  be  used  that  has 
partially  set  before  final  placing. 

3^  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled  in 
their  proper  place  and  the  surplus  water  is  U>roed  to  the  surface.  In  general,  except  in  arch  work, 
all  concrete  must  be  depositee  in  horizontal  layers  of  uniform  thickness  throughout. 

3<c.  In  depositing  concrete  under  water,  special  care  shall  be  exercised  to  prevent  the  cement 
from  floating  away  and  to  prevent  the  formation  ol  laitance. 

^6.  Before  depositing  concrete  the  forms  shall  be  thoroughly  wetted  (except  in  freezing 
weather)  or  oiled,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris. 

37.  Before  placing  new  concrete  on  or  against  concrete  which  has  set,  the  surface  of  the  latter 
shall  be  roughened,  thoroughly  cleansed  of  foreign  material  and  laitance,  drenched  and  slushed 
with  a  mortar  consisting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  afgrq;ate. 

38.  The  faces  of  concrete  exposed  to  premature  drying  shall  be  kept  wet  for  a  period  of  at 
least  three  days. 
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39.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precuations,  approved  by  the  engineer,  are  taken  to  avoid  the  use  of  materials 
covered  with  ice  crystals  or  containing  frost  and  to  provide  means  to  prevent  the  concrete  from 
freezing. 

The  author  has  used  the  following  specification  for  depositing  concrete  in  freezing  weather: — 
When  the  temperature  of  the  air  is  below  40!^  F,  during  the  time  of  mixing  and  placing  concrete,  the 
water  used  in  mixing  concrete  shall  be  heated  to  such  a  temperature  that  the  temperature  of  the  concrete 
mixture  shall  not  be  less  than  60**  when  it  reaches  its  final  position  in  the  forms.  Care  shall  be  used 
that  the  cement  shall  not  be  injured  by  boiling  water. 

40.  Rubble  Concrete. — Where  the  concrete  is  to  be  deposited  in  massive  work,  clean,  large 
stones,  evenly  distributed,  thoroughly  bedded  and  entirely  surrounded  by  concrete,  may  be 
used,  at  the  option  of  the  engineer. 

41.  Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  designed  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage 
of  mortar. 

42.  The  forms  shall  not  be  removed  until  authorized  by  the  engineer. 

43.  For  all  important  work,  the  lumber  used  for  face  work  shall  be  dr^sed  to  a  uniform'  thick- 
ness and  width;  shall  be  sound  and  free  from  loose  knots  and  secured  to  the  studding  or  uprights 
in  horizontal  lines. 

44.  For  backings  and  other  rough  work  undressed  lumber  jnay  be  used. 

45.  Where  comers  of  the  masonry  and  other  projections  liable  to  injury  occur,  suitable  mold- 
ings shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off. 

46.  Lumber  once  used  in  forms  shall  be  cleaned  before  being  used  again. 

47.  The  reinforcement  shall  be  carefully  placed  in  accordance  with  the  plans,  and  adequate 
means  shall  be  provided  to  hold  it  in  its  proper  position  until  the  concrete  has  been  deposited 
and  compacted. 

Details  of  Construction. 

48.  Splidng  Reinforcement — ^Wherever  it  is  necessary  to  splice  the  reinforcement  otherwise 
than  as  shown  on  the  plans,  the  character  of  the  splice  shall  be  decided  by  the  engineer  on  the 
basis  of  the  safe  bond  stress  and  the  stress  in  the  reinforcement  at  the  point  of  splice.  Splices 
shall  not  be  made  at  points  of  maximum  stress. 

49.  Joints  in  Concrete. — Concrete  structures,  wherever  possible,  shall  be  cast  at  one  opera- 
tion, but  when  this  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  least  impair 
the  strength  and  appearance  of  the  structure. 

50.  Girders  and  slabs  shall  not  be  constructed  over  freshly  formed  walls  or  columns  without 
permitting  a  period  of  at  least  four  hours  to  elapse  to  provide  for  settlement  or.  shrinkage  in  the 
supports.  Before  resuming  work,  the  tops  of  such  walls  or  columns  shall  be  cleaned  of  foreign 
matter  and  laitance. 

51  A  triangular-shaped  groove  shall  be  formed  at  the  surface  of  the  concrete  at  vertical 
joints  in  walls  and  abutments. 

52  Surface  Knish. — Except  where  a  special  surface  finish  is  required,  a  spade  or  special 
tool  shall  always  be  worked  between  the  concrete  and  the  form  to  force  back  the  coarse  aggre- 
gates and  produce  a  mortar  face. 

53.  Top  Surfaces. — ^Top  surfaces  shall  generally  be  " struck"  with  a  straight  edge  or  "floated" 
after  the  coarse  aggregates  have  been  forced  below  the  surface. 

54.  Sidewalk  ^nish. — ^Where  a  "sidewalk  finish"  is  called  for  on  the  plans,  it  shall  be  made 
by  spreading  a  layer  of  i  :  2  mortar  at  least  }  in.  thick,  troweling  the  same  to  a  smooth  surface. 
Tliis  finishing  coat  shall  be  put  on  before  the  concrete  has  taken  its  initial  set. 
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REFERENCES. — Plain  masonry  and  concrete  abutments  and  piers,  only,  have  been  con- 
sidered in  this  chapter.    The  following  books  may  be  consulted  for  additional  information. 

Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  design 
of  masonry,  plain  and  reinforced  concrete  abutments  and  piers,  and  the  different  methods  of 
constructing  abutments  and  piers. 

Fowler's  "  Ordinary  Foundations,"  John  Wley  &  Sons,  gives  a  full  discussion  of  the  design 
and  construction  of  abutments  and  piers,  with  special  attention  given  to  the  coffer  dam  process. 

Jacoby  and  Davis*  "  Foundations  of  Bridges  and  Buildings,"  McGraw-Hill  Book  Co.,  gives 
a  full  discussion  of  the  design  and  construction  of  abutments  and  piers. 

Bulletin  140  of  the  Am.  Ry.  Eng.  Assoc,  has  an  article  on  the  Design  of  Railway  Bridge  Abut- 
ments by  Mr.  J.  H.  Prior,  Asst.  Engineer,  C.  M.  &  St.  P.  Ry.  This  article  describes  in  detail 
the  standard  plain  and  reinforced  concrete  abutments  used  by  the  C.  M.  &  St.  P.  Ry. 


CHAPTER  VII. 
Timber  Bridges  and  Trestles. 

Definitioiui. — ^The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Wooden  Trestle. — ^A  wooden  structure  composed  of  upright  members  supporting  simple 
horizontal  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 
members. 

Frame  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are  framed  timbers. 

PUe  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are  piles. 

Bent — ^The  group  of  members  forming  a  single  vertical  support  of  a  trestle,  desi^ated  as 
pile  bent  where  the  principal  members  are  piles,  and  as  framed  bent  where  of  framed  timbers. 

Post — One  of  the  vertical  or  battered  members  of  the  bent  of  a  framed  trestle. 

Pile. — (See  definition  under  subject  of  Piles  and  Pile  Driving.) 

Batter. — ^A  deviation  from  the  vertical  in  upright  members  of  a  bent. 

Cap. — ^A  horizontal  member  upon  the  top  of  piles  or  posts,  connectii^  them  in  the  form  of  a 
bent. 

SilL — ^A  lower  horizontal  member  of  a  framed  bent. 

Sttb-SilL — ^A  timber  bedded  in  the  ground  to  support  a  framed  bent. 

Intennediate  SalL — A  horizontal  member  in  the  plane  of  the  bent  between  the  cap  and  sill 
to  which  the  posts  are  framed. 

Sway  Brace. — ^A  member  bolted  or  spiked  to  the  bent  and  extending  diagonally  across  its 
face. 

Longitttdinal  Strut  or  Girt — ^A  stiff  member  running  horizontally,  or  nearly  so,  from  bent  to 
bent. 

Longitadinal  X-Brace. — ^A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
battered  plane. 

Sash  Brace. — A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent. 

Stringer. — ^A  longitudinal  member  extending  from  bent  to  bent  and  supporting  the  ties. 

Jack  Stringer. — ^A  stringer  placed  outside  of  the  line  of  main  stringers. 

Tie. — ^A  transverse  timber  resting  on  the  stringers  and  supporting  the  rails. 

Guard  RaiL — ^A  longitudinal  member,  usually  a  metal  rail,  secured  on  top  of  the  ties  inside 
of  the  track  rail,  to  guide  derailed  car  wheels. 

Guard  Timber. — ^A  longitudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
maintain  the  spacing  of  the  ties. 

Packing  Block. — ^A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  composite 
member  in  their  proper  relative  positions. 

Packing  Spool  or  Separator. — A  small  casting  used  in  connection  with  packing  bolts  to 
secure  the  several  parts  of  a  composite  member  in  their  proper  relative  positions. 

Drift  Bolt — A  piece  of  round  or  square  iron  of  specified  length,  with  or  without  head  or 
point,  driven  as  a  spike. 

DoweL — An  iron  or  wooden  pin,  extending  into,  but  not  through,  two  members  of  the  struc- 
ture to  connect  them. 

Shim. — ^A  small  piece  of  wood  or  metal  placed  between  two  members  of  a  structure  to  bring 
them  to  a  desired  relative  position. 

Fish-Plate.— A  short  piece  lapping  a  joint,  secured  to  the  side  of  two  members,  to  connect 
them  end  to  end. 

Bulkhead. — ^A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  retain  the  embankment. 

Structural  Timber. 

Definitions.— The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Timber. — ^A  single  stick  of  wood  of  regular  cross-section. 

Cross-Section. — ^A  section  of  a  stick  at  right  angles  to  the  axis. 

True.;— Of  uniform  cross-section.  Defects  arc  caused  by  wavy  or  jagged  sawing  or  consist 
of  trapezoidal  instead  of  rectangular  cross-sections. 
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Axis. — ^The  line  connecting  the  centers  of  successive  cross-sections  of  a  stick. 

Straigfat — Having  a  straight  line  for  an  axis. 

Out  of  Wind. — Having  the  longitudinal  surfaces  plane. 

Full  Length. — ^Long  enough  to  "square"  up  to  the  length  specified  in  the  order. 

Comer. — ^The  line  of  intersection  of  the  planes  of  two  adjacent  longitudinal  surfaces. 

Girth. — ^The  perimeter  of  a  cross-section. 

Side. — Either  of  the  two  wider  longitudinal  surfaces  of  a  stick. 

Edge. — Either  of  the  two  narrower  longitudinal  surfaces  of  a  stick. 

Face. — ^The  surface  of  a  stick  which  is  exposed  to  view  in  the  finished  structure. 

Sapwood. — ^A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color  than  the  wood  within. 
It  may  be  of  uneven  thickness. 

Heartwood. — ^The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapwood. 
It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  slightly 
different  in  color. 

Springwood. — ^The  inner  part  of  the  annual  ring  formed  in  the  earlier  part  of  the  season, 
not  necessarily  in  the  spring,  and  often  containing  vessels  or  pores. 

Summerwood. — ^The  outer  part  of  the  annual  ring  formed  later  in  the  season,  not  necessarily 
in  the  summer,  being  usually  dense  in  structure  and  without  conspicuous  pores. 

Decay.— Complete  or  partial  disintegration  of  the  cell  walls,  due  to  the  growth  of  fungi. 

Sound. — Free  from  decay. 

Solid. — ^Without  cavities;  free  from  loose  heart,  wind  shakes,  bad  checks,  splits  or  breaks, 
loose  slivers,  and  worm  or  insect  holes. 

Wane. — ^A  deficient  comer  due  to  curvature  or  to  taper  of  the  log. 

Square  Cornered. — ^Free  from  wane. 

Knot — ^The  hard  mass  of  wood  formed  in  a  trunk  at  a  branch,  ^th  the  grain  distinct  and 
separate  from  the  grain  of  the  trunk. 

Cross-Grain. — The  gnarly  mass  of  wood  surrounding  a  knot,  or  grain  injuriously  out  of 
parallel  with  the  axis. 

Wind  Shake. — ^A  crack  or  fissure,  or  a  series  of  them,  caused  during  growth. 

Standakd  Defects  of  Structural  Timber.* 

The  standard  defects  included  in  the  following  list  are  mostly  such  as  may  be  termed  natural 
defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  significance  in  the  gtadinp^  of  structural  timber: 

Sound  Knot. — A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it.  It  may  be  either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  will 
retain  its  place  in  the  piece. 

Loose  Knot — ^A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or  position. 

Pith  Knot — ^A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  }  in.  in  diameter  f 
In  the  center. 

Encased  Knot — ^An  encased  knot  is  one  which  l^  surrounded  wholly  or  in  part  by  bark  or 
pitch.  Where  the  encasement  is  less  than  |  in.  in  width  on  each  side,  nor  exceeding  one-half  the 
circumference  of  the  knot,  it  shall  be  considered  a  sound  knot. 

Rotten  Knot — ^A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Knot — ^A  pin  knot  is  a  sound  knot  not  over  }  in.  in  diameter.  ^ 

Standard  Knot — A  standard  knot  is  a  sound  knot  not  over  i}  in.  in  diameter. 

Large  Knot — ^A  large  knot  b  a  sound  knot,  more  than  i)  in.  in  diameter. 

Round  Knot — ^A  round  knot  is  one  which  is  oval  or  circular  in  form. 

Spike  Knot — ^A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  these  knots. 

Pitch  Pockets. — ^Pitch  pockets  are  openings  between  the  grain  of  the  wood,  containing  more 
or  less  pitch  or  bark.    These  shall  be  classified  as  small,  stan(krd  and  large  pitch  pockets. 

Smail  Pitch  Pocket, — (a). — A  small  pitch  pocket  is  one  not  over  J  in.  wide. 

Standard  Pitch  Pocket.— Q}).-^ A  standarcl  pitch  pocket  is  one  not  over  |  in.  wide  nor  over 
3  in.  in  length. 

Lar^  Pitch  Pocket. — (c).— A  large  pitch  pocket  is  one  over  I  in.  wide,  or  over  3  in.  in  length. 

Pitd  Streak. — A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  grained  fiber,  usually  termed  "spring  wood,"  is  not  saturated  with  pitch,  it 
shall  not  be  considered  a  defect. 

*  Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.  8,  1907. 

t  Measurements  which  refer  to  the  diameter  of  knots  or  holes  shall  be  considered  as  the  mean 
or  average  diameter  in  all  < 


PILES  AND  PILE  DRIVING.  279 

L — ^Shakes  are  splits  or  checks  in  timber  which  usually  cause  a  separation  of  the 
wood  between  annual  rings. 

Ring  Shake. — An  opening  between  annual  rings. 

Through  Shakes. — A  shake  whiqh  extends  between  two  faces  of  a  timber. 

Ret,  Dote  and  Red  Heart. — ^Any  form  ol  decay  which  may  be  evident  either  as  a  dark  red 
discoloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots,  shall  be 
considered  as  a  defect. 

Wane. — (See  definition  under  the  subject  of  Structural  Timber.) 

Npic — See  additional  definitions  of  defects  under  Structural  Timber. 

Piles  and  Pile  Driving.* 
The  following  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
can Railway  Engineering  Association. 

Pne. — A  member  usually  driven  or  jetted  into  the  ground  and  deriving  its  support  from  the 
underlying  strata,  and  by  the  friction  of  the  ground  on  its  surface.  The  usual  functions  of  a 
pile  are:  (a)  to  carry  a  superimposed  load;  (b)  to  compact  the  surrounding  ground;  (c)  to  form  a 
wail  to  exclude  water  and  soft  material,  or  to  resist  the  lateral  pressure  of  adjacent  ground. 

Head  of  PUe. — ^The  upper  end  of  a  pile. 

Foot  of  Pile. — ^The  lower  end  of  a  pile. 

Butt  of  Pile. — ^The  larger  end  of  a  pile. 

Tip  of  PHe. — ^The  smaller  end  of  a  pile. 

Bearing  Pile.^One  used  to  carrv  a  superimposed  load. 

Screw  File. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 
area. 

I>isc  Pile. — One  having  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area. 

Batter  rae. — One  driven  at  an  inclination  to  resist  forces  which  are  not  vertical. 

Sheet  Pile. — Piles  driven  in  close  contact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
of  water  and  soft  materials,  or  driven  to  resist  the  lateral  pressure  of  adjacent  ground. 

Me  IMver. — ^A  machine  for  driving  piles. 

Hammer. — ^A  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 

Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and  then  allowed  to  drop. 

Steam  Hammer. — One  which  is  automatically  raised  and  dropped  a  comparatively  short 
distance  by  the  action  of  a  steam  cylinder  and  piston  supported  in  a  frame  which  follows  the  pile. 

Leads. — ^The  upright  parallel  members  of  a  pile  driver  which  support  the  sheaves  used  to 
hoist  the  hammer  and  piles,  and  which  guide  the  hammer  in  its  movement. 

Cap. — ^A  block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving. 

Ring. — ^A  metal  hoop  used  to  bind  the  head  of  a  pile  during  driving. 

Shoe. — ^A  metal  protection  for  the  point  or  foot  of  a  pile. 

Follower. — ^A  member  interposed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
latter  when  below  the  foot  of  the  leads. 

PILE-DRIVING— Principles  of  Practice. — (i)  A  thorough  exploration  of  the  soil  by  borings, 
or  preliminary  test  piles,  is  tne  most  important  prerequisite  to  the  design  and  construction  of 
pile  foundations. 

(2)  The  cost  of  exploration  is  frec^uently  less  than  that  otherwise  required  merely  to  revise 
the  plans  of  the  structure  involved,  without  considering  the  unnecessary  cost  of  the  structures 
due  to  lack  of  information. 

(3)  Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  structure, 
or  in  greatly  increased  cost. 

(4)  The  proper  diameter  and  length  of  pile,  and  the  method  of  driving  depend  upon  the  result 
of  the  previous  exploration  and  the  purpose  for  which  they  are  intended. 

(5)  Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  are  most  favorable  to 
the  use  of  the  water  jet. 

(6)  In  harder  soils  containing  gravel  the  use  of  the  jet  may  be  advantageous,  provided 
sufficient  volume  and  pressure  be  provided. 

(7)  In  clay  it  may  be  economical  to  bore  several  holes  in  the  soil  with  the  aid  of  the  jet  before 
driving  the  pile,  thus  securing  the  accurate  location  of  the  pile,  and  its  lubrication  while  being 
driven. 

(8)  In  general,  the  water  jet  should  not  be  attached  to  the  pile,  but  handled  separately. 

(9)  Two  jets  will  often  succeed  where  one  fails;  in  special  cases  a  third  jet  extending  a  part 
of  the  depth  aids  materially  in  keeping  loose  the  material  around  the  pile. 

(10)  Where  the  material  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be 

•  For  an  elaborate  bibliography  on  "  Piles  and  Pile  Driving"  see  Am.  Ry.  Eng.  Assoc.,  Vol.  10. 
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dissipated  and  fail  to  come  up  in  the  immediate  vicinity  of  the  pile,  the  utility  of  the  jet  is  uncer- 
tain, except  for  a  part  of  the  penetration. 

(ii)  A  steam  or  drop  hammer  should  be  used  in  connection  with  the  water  jet,  and  used  to 
test  the  final  rate  of  penetration. 

(12)  The  use  of  th^  water  jet  is  one  of  the  most  effective  means  of  avoiding  injury  to  piles 
by  overdriving. 

(13)  There  is  danger  from  overdriving  when  the  hammer  begins  to  bounce.  Overdriving  is 
also  indicated  by  the  bending,  kicking  or  staggering  of  the  pile. 

(14)  The  brooming  of  the  head  of  a  pile  dissipates  a  part,  and  in  some  cases  all,  of  the  energy 
due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steam  hammer  is  more  effective  than  the  drop  hammer  in  securing  the  penetration 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shock  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
steam  hammer  should  always  be  used  instead  of  the  drop  hammer.  This  is  especially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(18)  In  general,  the  resistance  of  piles,  penetrating  soft  material,  which  depend  solely  upon 
skin  friction,  is  materially  increased  after  a  period  of  rest.  This  period  may  be  as  short  as  fifteen 
minutes,  and  rarely  exceeds  twelve  hours. 

(19)  In  tidal  waters  the  resistance  of  a  pile  driven  at  low  tide  is  increased  at  high  tide  on 
account  of  the  extra  compression  of  the  soil. 

(20)  Where  a  pile  penetrates  muck  or  a  soft  yielding  material  and  bears  upon  a  hard  stratum 
at  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction. 

(21)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  may  be  obtained  by  loading  test  piles.  The  results  of  loading  test  piles  should 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  piles  in  the 
proposed  foundation. 

(22)  In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the  results  of  loading 
test  piles  should  not  be  depended  upon  unless  thev  are  sufficient  in  number  to  insure  their  action 
in  a  similar  manner,  and  they  are  stayed  against  lateral  motion. 

(23)  Before  testing  the  penetration  of  a  pile  in  soft  material  where  its  bearing  power  depends 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  rest  for  24  hours  after 
driving. 

(24)  Where  the  resistance  of  piles  depends  mainly  upon  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  within 
the  same  area. 

(25)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  are  to 
pass  to  a  firm  bearing  below,  the  upper  stratum  should  be  removed  by  dredging  or  otherwise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  removed  may  be 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(26)  Timber  piles  may  be  advantageously  pointed,  in  some  cases,  to  a  4-in.  or  6-tn.  square 
at  the  end. 

i27)  Piles  should  not  be  pointed  when  driven  into  soft  material. 
28)  Shoes  should  be  provided  for  piles  when  the  driving  is  very  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructed  as  to  form  an  integral  part  of  the  pile. 

(29)  The  use  of  a  cap  is  advantageous  in  distributing  the  impact  of  the  hammer  more  uni- 
formly over  the  head  of  the  pile,  as  well  as  to  hold  it  in  position  during  driving. 

(30)  The  specification  relating  to  the  penetration  of  a  pile  should  be  adapted  to  the  soil  which 
the  pile  is  to  penetrate. 

(31)  It  is  far  more  important  that  a  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  its  penetration  should  be  a  specified  distance  under  a  given  blow,  or  series  of 
blows. 


SPECIFICATIONS  FOR  TIMBER  PILES.* 

Railroad  Heart  Grade. 

1.  This  grade  includes  white,  burr,  and  post  oak,  iongleaf  pine,  Douglas  fir,  tamarack,  Eastern 
white  and  red  cedar,  chestnut,  Western  cedar,  redwood  and  cypress." 

2.  Piles  shall  be  cut  from  sound  trees;  shall  be  close  grained  and  solid,  free  from  defects,  such 
as  injurious  rin^  shakes,  large  and  unsound  or  loose  knots,  decay  or  other  defects,  which  may 
materially  impair  their  strength  or  durability.  In  Eastern  red  or  white  cedar  a  small  amount  of 
heart  rot  at  the  butt,  which  does  not  materially  injure  the  strength  of  the  pile,  will  be  allowed. 

3.  Piles  must  be  butt  cut  above  the  ground  swell  and  have  a  uniform  taper  from  butt  to  tip. 
Short  bends  will  not  be  allowed.  A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the 
tip  shall  lie  within  the  body  of  the  pile. 

4.  Unless  otherwise  allowed,  piles  must  be  cut  when  sap  is  down.  Piles  must  be  peeled  soon 
after  cutting.    All  knots  shall  be  trimmed  close  to  the  body  of  the  pile. 

5.  For  round  piles  the  minimum  diameter  at  the  tip  shall  be  nine  (9)  in.  for  lengths  not 
exceeding  thirty  (30)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50) 
ft.,  and  seven  (7)  m.  for  lengths  over  fifty  (50)  ft.  The  minimum  diameter  at  one-quarter  of  the 
leiigth  from  the  butt  shall  be  twelve  (12)  m.  and  the  maximum  diameter  at  the  butt  twenty  (20)  in. 

6.  For  square  piles  the  minimum  width  of  any  side  of  the  tip  shall  be  nine  (9)  in.  for  lengths 
not  exceeding  thirty  (30)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty 
(50)  ft.,  and  seven  (7)  in.  for  lengths  over  fifty  (50)  ft.  The  minimum  width  of  any  side  at  one- 
quarter  of  the  length  from  the  butt  shall  be  twelve  (12)  in. 

7.  Square  piles  shall  show  at  least  eighty  (80)  per  cent  heart  on  each  side  at  any  cross-section 
of  the  stick,  and  all  round  piles  shall  show  at  least  ten  and  one-half  (loi)  in.  diameter  of  heart 
at  the  butt. 

Railroad  Falsework  Grade. 

8.  This  grade  includes  red  and  all  other  oaks  not  included  in  R.  R.  Heart  grade,  sycamore, 
sweet,  black  and  tupelo  gum,  maple,  elm,  hickory,  Norway  pine,  or  any  sound  timber  that  will 
stand  driving. 

9.  The  requirements  for  size  of  tip  and  butt,  taper  and  lateral  curvature  are  the  same  as  for 
R.  R.  Heart  grade. 

10.  Unless  otherwise  specified  piles  need  not  be  peeled. 

11.  No  limits  are  specified  as  to  the  diameter  or  proportion  of  heart. 

12.  Piles  which  meet  the  reouirements  of  R.  R.  Heart  grade  except  the  proportion  of  heart 
specified  will  be  classed  as  R.  R.  Falsework  grade. 

GUARD  RAILS  AND  GUARD  TIMB£RS.~In  1912  the  American  Railway  Engineering 
Association  made  an  investigation  of  the  use  of  guard  rails  and  guard  timbers  for  timber  trestles 
and  bridges  and  adopted  the  following  report  based  on  replies  from  61  railroads. 

1.  It  is  recommended  as  good  practice  to  use  guard  timbers  on  all  open-floor  bridges,  and 
same  shall  be  so  constructed  as  to  properly  space  the  ties  and  hold  them  securely  in  their  places. 

2.  It  is  recommended  as  good  practice  to  use  ^ard  rails  to  extend  beyond  the  end  of  the 
bridges  for  such  a  distance  as  required  by  local  conditions,  but  that  this  length  in  any  case  be  not 
less  than  fifty  feet;  that  guard  rails  be  fully  spiked  to  every  tie  and  spliced  at  every  joint,  the  guard 
rail  to  be  some  form  of  metal  guard  rail. 

3.  It  is  recommended  that  the  guard  timber  and  guard  rail  be  so  spaced  in  reference  to  the 
track  rail  that  a  derailed  truck  will  strike  the  guard  rail  without  striking  the  guard  timber. 

4.  The  height  of  the  guard  rail  to  be  not  over  one  inch  less  in  height  than  the  running  (track) 
rail. 

TIMBER  TRESTLES. — ^The  details  of  the  design  of  timber  trestles  depends  upon  the  loadingt 
the  details  of  the  floor  system,  the  available  timber  and  upon  the  designer.  The  length  of  panels 
varies  from  12  ft.  to  16  ft.,  with  14  ft.  as  a  fair  average  panel  length. 

Me  Trestles.— The  details  of  the  standard  pile  trestle  with  open  floor  of  the  N.  Y.,  N.  H.  & 
H.  R.  R.  are  given  in  Fig.  i.  The  number  and  arrangement  of  the  piles  in  the  bents  are  shown. 
The  bents  are  12  ft.  center  to  center.  The  stringers  are  24  ft.  long  and  are  placed  to  span  two 
panels  and  to  break  joints.  The  tops  of  the  caps  are  covered  with  No.  20  flat  galvanized  iron  to 
protect  the  trestle  from  fire.  The  details  of  washers,  packing  blocks,  drift  bolts,  etc.,  are  shown 
on  the  plans. 

♦  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 
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Fig.  3.    Plans  of  Timber  Frame  Trestle.    Illinois  Central  Railroad. 
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Fig.  6.    Iron  Details  for  150  ft.  Span,  Howb  Truss  Span. 
C.  M.  &  P.  S.  Ry. 
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Frame  Trestles. — ^The  details  of  the  standard  frame  trestle  with  open  floor  of  the  N.  Y., 
N.  H.  &  H.  R.  R.  are  given  in  Fig.  2.  The  bents  are  spaced  12  ft.  center  to  center.  The  floor 
system  is  the  same  as  for  pile  trestles.  The  frame  trestle  may  be  supported  on  a  pile  foundation, 
upon  timber  sub-sills  (mudsills)  or  on  concrete  pedestals.  Timber  sub-sills  soon  decay  and 
should  be  used  only  for  temporary  trestles.    Other  data  and  details  are  shown  on  the  plans. 

The  plans  of  a  standard  frame  trestle  designed  and  built  by  the  Illinois  Central  Railroad  are 
given  in  Fig.  3.  The  bents  are  spaced  14  ft.  centers,  while  thi  stringers  are  28  ft.  long  and  cover 
two  panels.  The  details  of  the  track  and  the  guard  rails  are  not  shown.  A  complete  bill  of 
timber  and  iron  for  one  bent  and  one  panel  of  the  floor  are  given  in  Fig.  3.  The  standard  frame 
trestle  may  be  carried  on  mudsills  (sub-sills)  as  shown  in  Fig.  3 »  or  on  piles  or  concrete  pedestals 
as  shown  in  Fig.  2. 

Detail  plans  of  a  pile  trestle  with  ballasted  deck  are  given  in  Fig.  4. 

TIMBER  HOWE  TRnSSES.~Plans  of  a  standard  150  ft.  span  Howe  truss  designed  and 
erected  by  the  C.  M.  &  P.  S.  Ry.  are  shown  in  Fig.  5,  Fig.  6,  and  Fig.  7.  8*hb  bridge  was  designed 
for  Cooper's  E  55  Loading,  with  the  allowable  unit  stresses  as  given  in  the  American  Railway 
Engineering  Association  Specifications  for  Timber  Bridges  and  Trestles.  The  bill  of  lumber  is 
given  in  Table  I;  the  bill  of  castings  and  bolts  is  given  in  Table  II;  the  bill  of  upset  vertical  rods 
is  given  in  Table  III,  and  the  bill  of  lateral  rods  is  given  in  Table  IV.  The  following  additional 
specifications  were  given  on  the  plans. 

TABLE  I. 
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TABLE  IL 
or  Cesthbos,  Bglis,  etc.  pqk  Oks  150  ft,  Howe  Tkcss  Stjlk. 
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Bolts  I  in.  X  3  ft.-4  in. 

Sq.H&N2)in.thd.... 
Bolts  }  in.  X  I  ft.-9i  in. 

Sq.  H&N2)in.  thd.... 
Bolts  I  in.  X  2  ft. -3}  in. 

Sq.  H&N2iin.  thd.... 
Bolts  i  in.  X  2  ft.-3i  in. 

Sq.H&N2lin,thd..., 
Bolts  }  in.  X  2  ft.-4i  in. 

Sq.H&N2iin.thd.... 
Bolts  }  in,  X  2  ft,-6i  in. 

Sq.H&N2iin.  thd.... 
Bolts  I  in.  X  2  ft.-io}  in. 

Sq.H&N2iin.thd.,.. 
Bolts  f  in.  X  3  ft.-2i  in. 

Sq.H&N2jin.  thd.... 
Bolts  f  in.  X  3  ft.-sf  in. 

Sq.H&N2jin.thd.... 
Bolts  I  in.  X  4  ft.-if  in. 

Sq.  H&Naiin.  thd.... 
Bolts  I  in.  X  4  ft.-3i  in. 

Sq.  H&N2jin.  thd.... 
Bolts  I  in.  X  4  ft.-4J  in. 

Sq.H&N2iin.  thd.... 
Bolts  f  in.  X  I  ft.-3l  in. 

Sq.H&N2iin.  thd.... 

Recess  Washers 

Special  Bolts  I  in.  X  i  ft.. . 

Lateral  Ansle  Blocks 

Angle  Blocks 


B3195A 
B3192A 


20 
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"Outer  6  in.  X  8  in.  Guard  Rails  are  notched  for  ties,  spiked  to  each  tie  with  one  9  in.  X  i  in. 
spikes.  Each  tie  to  be  spiked  to  stringers  with  i  in.  X  14  in.  spikes.  Stringers  drift-bolted  to 
floorbeams  with  }  in.  X  18  in.  drift  bolts.  All  }  in.,  {  in.  and  i  in.  bolts  to  be  provided  with  one 
O.  G.  and  one  slot  washer.  All  contacts  of  wood  and  wood  to  be  painted  with  white  lead.  Corbels 
to  be  creosoted.  All  holes  bored  in  chord  sticks  to  be  creosoted.  Inner  4  in.  X  8  in.  Guard 
Rails  bolted  at  center  and  ends  of  each  piece,  spiked  to  each  tie  not  bolted,  with  one  8  in.  X  |  in. 
spike  and  spliced.  The  6  in.  X  4  in.  X  i  in.  guard  rail  is  bolted  at  ends  and  at  intervals  of  not 
over  3  ties  with  }  in.  special  bolts.     Leave  i  in.  opening  between  ends  of  Guard  Rail  angles." 

The  detail  plans  of  a  timber  Howe  truss  railway  bridge  with  an  80  ft.  span  are  given  in  Fig.  8 
and  Fig.  9.  This  bridge  was  designed  for  Cooper's  E  55  loading  for  the  allowable  stresses  given 
in  the  specifications  of  the  American  Railway  Engineering  Association.  The  details  and  a  bill 
of  materials  are  given  on  the  plans. 


TABLE  III. 
Bill  of  Upset  Vertical  Rods  for  One  150  ft. 
Howe  Truss  Span. 


TABLE  IV. 

Bill  of  Lateral  Rods  for  One  150 

FT.  Howe  Truss  Span. 


No.  of  PCS. 


12 
12 
12 
16 
12 
40 


Length,  Ft.-Iii, 


30-10J 
30-10 
30-  8 
30-  9J 

30-  6i 


Section 

"A" 

Diam.,  In, 


Diameter  of  UpteU. 


U.  S.  Std.. 
In. 


3* 

2i 


Ry.  Eng. 
&M.of 
W.,In. 


3i 
3 
3 
2 

2| 


Diameter  of  Upset  **U"  based  on  number  of  threads  per 
inch. 

Length  of  upsets  "M"  to  be  in  accord  with  shop  stand- 
ards. 


No.  of  Pes. 


2  . 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 


Length, 
Ft.-In. 


22-9} 

23-4i 

23-4 

24-S 

H-4i 

24-4i 

^-3i 

23-21 

23-1 1 

23-1I 

22-sl 


Diameter  of 

Rod  "A." 

In. 


Length  of 
Thread 
"T."  In. 


I 

4 
4 
4 
4 
4 


HIGHWAT  TIMBER  TRESTLES  AND  BRIDGES.— Details  of  a  highway  crossing  of 
the  Illinois  Central  Railroad  are  given  in  Fig.  10  and  Fig.  11. 

A  combination  timber  and  iron  bridge  is  shown  in  Fig.  12;  while  a  short  span  timber  highway 
bridge  is  given  in  Fig.  13. 

For  additional  details  of  timber  highway  bridges,  see  the  author's  "  The  Des^  of  High- 
way Bridges." 


SPECIFICATIONS  FOR  WORKMANSHIP  FOR  PILE  AND  FRAME  TRESTLES  TO 
BE  BUILT  UNDER  CONTRACT.* 

1.  Site. — ^Thc  trestle  to  be  built  under  these  specifications  b  located  on  the  line  of 

Railroad  at   County  of  State  of 

2.  General  Description. — ^The  work  to  be  done  under  these  specifications  covers  the  driving, 

framing  and  erection  of  a track  wooden  trestle  about ft.  long  and 

an  average  of '. . .  ft.  high. 

Gbnbral  Clauses. 

3.  The  contractor  shall  furnish  all  necessary  labor,  toob,  machinery,  supplies,  temporary 
staging  and  outfit  required.  He  shall  build  the  complete  trestle  reader  for  the  track  rails,  in  a 
workmanlike  manner,  in  strict  accordance  with  the  plans  and  the  true  intent  of  these  specifica- 
tions, to  the  satisfaction  and  acceptance  of  the  engineer  of  the  railroad  company. 

4.  The  workmanship  shall  be  of  the  best  quality  in  each  class  of  work.  Details,  fastenings 
and  connections  shall  be  of  the  best  method  of  construction  in  general  use  on  first  class  work. 

*  Adopted  by  American  Railway  Engineering  Association. 


HIGHWAY  CROSSING. 


293 


5.  Holes  shall  be  bored  for  all  bolts.    The  depth  of  the  hole  and  the  diameter  of  the  auger 
to  be  specified  by  the  engineer. 

6.  Framing  shall  be  accurately  fitted;  no  blocking  or  shimming  will  be  allowed  in  making 
joints.    Timbers  shall  be  cut  off  with  the  saw;  no  axe  to  be  used. 

7.  Joints  and  points  of  bearing,  for  which  no  fastening  is  shown  on  the  plans,  shall  be  fastened 
as  specified  by  the  engineer. 


ft   ?>  tl 


^cA  crossing. 


W    ^  IS. 

^"^^Ir^^.....  _ 


*^ 


lisnqifydi^xif  Brs€p^  belied 


Fig.  id. 


dents  3  and  4 

Showing  rocrdway  ibr  cfoubff 

track  crosJtng^ 

Highway  Crossing.    Illinois  Central  Railroad. 


8.  The  engineer  or  his  authorized  agents  shall  have  full  power  to  cause  any  inferior  work 
to  be  condemned,  and  taken  down  or  altered,  at  the  expense  of  the  contractor.  Any  material 
destroyed  by  the  contractor  on  account  of  inferior  workmanship  or  carelessness  of  his  men  is  to 
be  replaced  by  the  contractor  at  his  own  expense. 
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9.  Fig[ures  diown  on  the  plans  shall  govern  in  preference  to  scale  measurements;  if  anv 
discrepancies  should  arise  or  irregularities  be  discovered  in  the  plans,  the  contractor  shall  call 
on  the  engineer  for  instructions.  These  specifications  and  the  plans  are  intended  to  co-operate, 
and  if  any  question  arises  as  to  the  proper  interpretation  of  the  plans  or  specifications,  it  snail  be 
referred  to  the  engineer  for  a  ruling. 


Oefttif  (^ Joint 'B' 


i    '  [■     r    '       "ill        ^t      -^ 

4' 


V 


Pehr//  ofHemgtn 
CaiiIron-2-Rt^'d, 


'*ffft. 


«1 


^^2 


fi6'BoltJAt'4''lf 
DefatlofJbint'A' 


deni  Waiher-Castlnn. 
/Z-Riq'et. 


H — ... — -//-tf-— 


^ 


^  5'j io'-2'—--\  d'V- 


TieRoei-2-Rtq'ii  ^    * 

5enf  Plate  /F^f/'/O'Jdna.     Upset  iach»ie(<ffnd1o2'd;anyi9r. 
2-R$qhl..  ^^  efifpsetdH  Thread  &! 


Fig.  II.    Details  of  Highway  Crossing.    Illinois  Central  Railroad. 

10.  The  contractor  shall,  when  required  by  the  engineer  furnish  a  satisfactory  watchman  to 
guard  the  work. 

11.  On  the  completion  of  the  work,  all  refuse  material  and  rubbish  that  may  have  accumu- 
kted  on  top  or  under  and  near  the  trestle,  by  reason  of  its  construction,  shall  be  removed  by  the 
contractor* 
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Fig.  13.    Details  of  a  Timber  Highway  Bridge. 

Detail  Specifications. 

12.  Piles. — Piles  shall  be  carefully  selected  to  suit  the  place  and  ground  where  they  are  to 
be  driven.  When  required  by  the  engineer,  pile  butts  shall  be  banded  with  iron  or  steel  for 
driving,  and  the  tips  with  suitable  iron  or  steel  shoes;  such  shoes  will  be  furnished  by  the  railroad 
company. 

13. — Piles  shall  be  drivei\  to  a  firm  bearing,  satisfactory  to  the  engineer,  or  until  five  blows 
of  a  hammer  weighing  3,000  lb.,  falling  15  feet  (or  a  hammer  and  fall  producing  the  same  mechan- 
ical effect),  are  required  to  cause  an  average  penetration  of  one-half  (i)  in.  per  blow,  except  in 
soft  bottom,  where  special  instructions  will  be  given. 

i^. — Batter  piles  shall  be  driven  to  the  inclination  shown  by  the  plans,  and  shall  require  but 
slight  bending  before  framing. 

15. — Butts  of  all  piles  in  a  bent  shall  be  sawed  off  to  one  plane  and  trimmed  so  as  not  to 
leave  any  horizontal  projection  outside  of  the  cap. 

16. — Piles  injured  in  driving,  or  driven  out  of  place,  shall  either  be  pulled  out  or  cut  off, 
and  replaced  by  new  piles. 

17.  C«p6.---Cap8  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness  and  even  bearing 
on  piles  or  posts.    The  side  with  most  sap  snail  be  placed  downward. 

18.  Posts. — Posts  shall  be  sawed  to  proper  length  for  their  position  (vertical  or  batter),  and 
to  an  even  bearing  on  cap  and  sill. 

19.  Sills. — ^Sills  shall  be  sized  at  the  bearing  of  posts  to  one  plane. 

2a  Sway  Braces. — Sway  bracing  shall  be  properiy  framed  and  securely  fastened  to  piles  or 
posts.  When  necessary  for  pile  bents,  filling  pieces  shall  be  used  between  the  braces  and  the 
piles  on  account  of  the  variation  in  size  of  piles,  and  securely  fastened  and  faced  to  obtain  a 
bearing  against  all  piles. 

21.  Lon^tadiiud  Braces. — ^Longitudinal  X-braces  shall  be  properiy  framed  and  securely 
fastened  to  piles  or  posts. 
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22.  Girts. — Girts  shall  be  properly  framed  and  securely  fastened  to  caps,  sub-sills,  posts  or 
piles,  as  the  plans  may  require. 

23.  Stringers. — Stringers  shall  be  sized  to  a  uniform  height  at  supports.  The  edges  with 
most  sap  shall  be  placed  downward. 

24.  Tack  Stringers. — ^Jack  stringers,  if  required  on  the  plans,  shall  be  neatly  framed  on 
caps,  and  their  tops  shall  be  in  the  same  plane  as  the  track  scnngers. 

25.  Ties. — ^Ties  shall  be  framed  to  a  uniform  thickness  over  bearings,  and  shall  be  placed 
with  the  rough  side  upward.     They  shall  be  spaced  regularly,  cut  to  even  length  and  line,  as   * 
caUed  for  on  the  plans. 

26.  Guard  Ralls. — ^Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to  line 
and  to  a  uniform  top  surface.     They  shall  be  firmly  fastened  to  the  ties  as  required. 

27.  Bulkheads. — ^Bulkheads  shall  be  of  sufficient  dimensions  to  keep  the  embankment  clear 
of  the  caps,  stringers  and  ties,  at  the  end  bents  of  the  trestle.  There  shall  be  a  space  not  less 
than  two  (2)  in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead.  The  projecting 
ends  of  the  bulkhead  shall  be  sawed  off  to  conform  to  the  slope  of  the  embankment,  unless  other- 
wise specified. 

28.  Time  of  Completion. — ^The  work  shall  be  completed  in  all  its  parts  on  or  before 

A.  D.  19.... 

29.  Payments. — Payments  will  be  made  under  the  usual  regulations  of  the  railroad  company. 

Specifications  for  Metal  Details  Used  in  Wooden  Bridges  and  Trestles. 

30.  Wrought-iron. — ^Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When 
tested  in  specimens  of  standard  form  shall  g^ve  an  ultimate  strength  of  at  least  50,000  lb.  per  sq. 
in.,  an  elongation  of  18  per  cent  in  8  in.,  with  fracture  wholly  fibrous.  Specimens  shall  bend  cola, 
with  the  fiber,  through  135  degrees,  without  sign  of  fracture,  around  a  pin  the  diameter  of  which 
is  not  over  twice  the  thickness  of  the  piece  tested.  When  nicked  and  bent,  the  fracture  shall  show 
at  least  90  per  cent  fibrous. 

31.  Steel. — ^Steel  shall  be  made  by  the  open-hearth  process  and  shall  be  of  uniform  quality. 
It  shall  contain  not  more  than  0.05  per  cent  sulphur;  if  made  by  the  acid  process  it  shall  contain 
not  more  than  0.06  per  cent  phosphorus,  and  if  made  by  the  basic  process  not  more  than  0.04 
per  cent  phosphorus.  When  tested  in  specimens  of  standard  form,  or  full  sized  pieces  of  the 
same  length,  it  shall  have  a  desired  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  If  the 
ultimate  strength  varies  more  than  4,000  lb.  from  that  desired,  a  retest  shall  be  made  on  the 
same  gage,  which  to  be  acceptable,  shall  be  within  5,000  lb.  of  the  desired  ultimate.     It  shall 

have  a  minimum  percentage  of  elongation  in  8  in.  of    .       '  — 4 r  and  shall  bend  cold  with' 

ult.  tens,  strength 

out  fracture  180  degrees  flat.    The  fracture  for  tensile  tests  shall  be  silky. 

32.^  Castings. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
fronj  flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbi- 
tration Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  1}  in.  in  diameter 
and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  lenp^th  of  12  in.,  with  load  at 
middle.  The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least 
A  in.  before  rupture. 

33.  Bdts. — Bolts  shall  be  of  wrought-iron  or  steel,  made  with  square  heads,  standard  size,  the 
length  of  thread  to  be  2 i  times  the  diameter  of  bolt.  The  nuts  shall  be  made  square,  standard  size, 
with  thready  fitting  closely  the  thread  of  bolt.     Threads  shall  be  cut  according  to  U.  S.  standards. 

34.  Drift  B<^ts. — Drift  bolts  shall  be  of  wrought-iron  or  steel,  with  or  without  square  head, 
pointed  or  without  point,  as  may  be  called  for  on  the  plans. 

35.  Spikes. — ^Spikes  shall  be  of  wrought-iron  or  steel,  square  or  round,  as  called  for  on  the 
plans;  steel  wire  spikes,  when  used  for  spiking  planking,  shall  not  be  used  in  lengths  more  than 
6  in.;  if  greater  lengths  are  required,  wrought  or  steel  spikes  shall  be  used. 

36.  Packing  Spools  or  Separators. — Packing  spools  or  separators  shall  be  of  cast-iron,  made 
to  size  and  shape  called  for  on  plans;  the  diameter  of  the  hole  shall  be  I  in.  larger  than  diameter 
of  packii^  bolts. 

37.  Cast  Washers. — Cast  washers  shall  be  of  cast-iron.  The  diameter  shall  be  not  less  than 
3}  times  the  diameter  of  bolt  for  which  it  is  used,  and  its  thickness  equal  to  the  diameter  of  bolt; 
the  diameter  of  hole  shall  be  J  in.  larger  than  the  diameter  of  the  bolt. 

38.  Wnra^t  Washers. — ^Wrought  washers  shall  be  of  wrought-iron  or  steel,  the  diameter 
shall  be  not  less  than  3}  times  the  diameter  of  bolt  for  which  it  is  used,  and  not  less  than  i  in 
thick.     The  hole  shall  be  J  in.  larger  than  the  diameter  of  the  bolt. 

39.  Special  Castings. — Special  castings  shall  be  made  true  to  pattern,  without  wind,  free  from 
flaws  and  excessive  shrinkage,  size  and  shape  to  be  as  called  for  by  the  plans. 
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Working  Unit-Stkesses  for  Structural  Timber  Expressed  in  Pounds  per  Square 

Inch.* 
Note. — ^The  working  unit-stresses  given  in  Table  V  are  intended  for  railroad  bridges  and 
trestles.  For  highway  bridges  and  trestles  the  unit-stresses  may  be  increased  twenty-five  (25) 
per  cent.  For  buildings  and  similar  structures,  in  which  the  timber  is  protected  from  the  weather 
and  practically  free  from  impact,  the  unit  stresses  may  be  increased  fifty  (50)  per  cent.  To 
compute  the  defiection  of  a  beam  under  long-continued  loading  instead  of  that  when  the  load  is 
first  applied,  only  fifty  per  cent  of  the  corresponding  modulus  of  elasticity  given  in  the  table  is 
to  be  employed. 

TABLE  V. 

Unit  Stresses  for  Structural  Timber  Expressed  in  Pounds  per  Square  Inch. 
American  Railway  Engineering  Association. 


Kind  of  Timber. 


Douglas  fir. . . 
Longleaf  pine . 
Shortleaf  pine. 
White  pine. . . 

Spruce 

Norway  pine. . 

Tamarack 

Western  hemlock 

Redwood 

Bald  cypress 

Red  cedar 

White  oak 


Bending. 


Extreme 
Fiber 
Stxeas. 


m 


6100 
6500 
5600 
4400 
4800 
4200 
4600 
5800 
5000 
4800 
4200 
5700 


1200 
1300 

IIOO 

900 

1000 
8co 
900 

IIOO 

900 
900 
800 

IIOO 


Modulus 

of 
Elasticity. 


1,510,000 
1,610,000 
1480,000 
1,130,000 
1,310,000 
1,190,000 
1,220,000 
1,480,000 

800,000 
1,150,000 

860,000 
1,150,000 


Shearing. 


Parallel 
to  Grain. 


Longitudi 
nal  Shear 
in  Beams. 


II 


690 

720 

710 

400 

600 

590* 

670 

630 

300 

500 


840 


170 
180 
170 
100 

150 

130 

170 

160 

80 

120 


210 


<5 


270 
300 

330 
180 
170 

250 
260 

270t 


270 


no 
120 

130 

70 
70 

100 

100 

100 


Compression. 


Perpen- 
dicular 
toGrain. 


630 
520 
340 
290 
370 


Parallel  to 
Grain. 


440 
400 
340 
470 
920 


310 
260 
170 
150 
180 
150 
220 
220 
150 
170 
230 
450 


|i 


3600 
3800 
3400 
3000 
3200 

26cot 
320ot 

3500 
3300 
3900 
2800 
3500 


ll 


l5 

II 

ll 


900 

1300980 


IIOO 

1000 

IIOO 

800 

1000 

1200 

900 

IIOO 

900 

1300 


830 

750 
830 
600 

750 
900 
680 
830 
680 
980 


m 


I200f  I 

i30of I 


.1\ 

6odJ 


IIOOl  I 

1000 f  I 
iioofi 

800(1 

1000(1 
1200(1 

900(1 

1100(1 

900(1 

1300(1 


(-; 
(-; 
(- 
(- 
(- 


6odJ 

a 

OdJ 

~6orf/ 
6odJ 


6odJ 


6odJ 


6odJ 


6odJ 


6odJ 


€odJ 


(-. 


fa 

II 


12 


Note. — ^Thcsc  unit  stresses  are  for  a  green  condition  of  timber  and  are  to  be  used  without  in- 
creasing  the  live  load  stresses  for  impact. 


REFERENCES. — ^For  additional  details  and  information  the  following  references  may  be 
consulted : 

Foster's  "  A  Treatise  on  Wooden  Trestle  Bridges/'  John  Wiley  &  Sons,  gives  daU  and 
details  of  the  design  of  timber  trestles. 

Jacoby's  "  Structural  Detaib  ;  Desiga  of  Heavy  Framing,"  John  Wiley  &  Sons,  gives  data 
and  details  of  the  design  of  timber  trestles  and  timber  structures,  and  is  the  best  book  on  tim- 
ber construction.  Every  engineer  interested  in  the  design  of  timber  structures  should  have  a 
copy  of  Jacoby's  "  Structural  Details." 

^  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 

^  Parually  air-diy.  7  «  length  in  inches.  d  «  least  side  in  inches. 


CHAPTER  VIII. 
Steel  Bins. 

Stresses  in  Bin  WaUs. — ^The  problem  of  the  calculation  of  pressures  on  bin  walls  is  similar 
to  the  problem  of  the  calculation  of  pressures  on  retaining  walls;  but  in  the  case  of  bin  walls  the 
material  is  limited  in  extent  and  the  condition  of  static  equilibrium  is  disturbed  by  drawing  the 
material  from  the  bottom  of  the  bin.  For  plane  bin  walls  where  the  plane  of  rupture  cuts  the 
free  surface  of  the  material  (shallow  bins),  the  formulas  developed  for  retaining  walls  are  directly 
applicable  if  friction  on  the  wall  is  considered.  The  graphic  solution  will  be  found  the  simplest 
and  most  direct  for  any  particular  case.  The  following  analyses  of  the  calculations  of  stresses  in 
bins  have  been  abstracted  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators," 
second  edition. 

STRESSES  IN  SHALLOW  BINS.— The  problem  of  the  calculation  of  the  pressures  on 
bin  walls  is  the  same  as  the  problem  of  the  calculation  of  pressures  on  retaining  walls.  The  forces 
acting  on  bin  walls  depend  upon  the  weight,  angle  of  repose,  moisture,  etc.,  of  the  material,  which 
are  variable  factors,  but  are  less  variable  than  for  the  filling  of  retaining  walls. 

Algebndc  SolntioiL — ^The  same  nomenclature  will  be  used  as  in  retaining  walls  except  that  P' 
will  be  used  to  indicate  the  pressure  obtained  by  means  of  Cain's  formulas  when  z  »  0',  N'  will 
indicate  the  normal  component  of  P\  and  N  will  indicate  the  normal  pressure  on  the  wall  when 
^'  a  o.    This  analysis  applies  to  shallow  bins,  only.* 


Case  I.     VerHcal  WaU,  Surface  Level,    Angle  z  =  0'.    Fig.  i. 


P'  -  i^'h* ^4===-  (t) 


„.,■(.  tV"<*iy*)' 


N'^P'-COS^'  (2) 

If  0'  =  0 

P' =  §«..*»— -^51^  (3) 

(i  +8in*-V2)' 

;\r  =  p'-cos«  (4) 

B 


7- 

/ 

/ 

/ 


p 

Fig.  I. 
If  i!  —  o,  which  corresponds  to  a  smooth  wall, 

N  -  iw>*-taii»  (45*  -  ♦/a)  (5) 

*  A  shallow  bin  is  one  where  the  plane  of  rupture  cuts  the  free  surface  of  the  filling. 
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TABLE  I. 
Constants  for  Steel  Plate  Bins,  Case  i. 


Material. 

Degrees. 

Degrees. 

W 
Lb.  Per 
Cu.Ft. 

P' 
Lb. 

Lb. 

Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 
27 
34 

40 

18 
16 
18 
31 

SO 
52 
90 
40 

6.i3A« 

8.73A; 

ii.5oA« 

4.02A« 

IO.93A* 
3.44*' 

6.75*; 
9.77^ 

I2.72A«. 

4.34*' 

Ashes 

Case  2.     Vertical  WaU,  Surface  Surcharged  at  Angle  S.    Angle  s  =  0^    Fig.  2. 


P'^iW'Jfi 


cos*  0 


If 


If 


co-^'f  I    1    Jsin(0  +  0')sin(0 

-«)y 

^'*  V    '    V           cos^'-cosa 

♦  / 

N'  =-  P'.cos^' 

S  =0 

cos  0' 

IT  =  P'-cos0'  =  iw'h^'co^^ 

0'=O 

N^iw'k^'cos'^ 

B^y^i 

N 


A 


t.^ 


Fig.  2. 

TABLE  II. 
Constants  for  Steel  Plate  Bins,  Case  2.    b 


0. 


Case  3,     Vertical  WaU^  Surcharge  Negative  =  5.    Angle  %  =  ^',    Fig.  3. 

cos*  0 


P'  =  JwA* 


„  .Y,    ,    Jsin(»+0Osin(0+a)V 

'*V+A/ cos^'.cosa / 


J^T'  =  P'.cos^' 


(6) 

(7) 

(8) 
(9) 

(10) 


Material. 

Degrees. 

Degrees. 

W 
Lb.  Per 
Cu.Ft. 

P* 
Lb. 

Lb. 

N 

Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 
27 
34 
40 

18 
16 
18 
31 

50 
52 
90 
40 

17.65A; 
2I.45A 
32.5oA* 
13.70A* 

16.75A; 
20.50A* 
30.90A* 
II.73A* 

16.75^ 
20.50^ 
30.90^ 
ii.73*« 

Ashes 

(12) 
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If 


N  =  iw'h* 


0'  =  o 

cos'  0 


^  /?, 


lit 
J 


)lL 


|SLrr3„^ 


Fig.  3. 

TABLE  III. 
Constants  for  Steel  Plate  Bins,  Case  3.    5 


-*. 


Case  4.     WaU  Sloping  OiOward.    0  <  90"*  +  0'.    Surface  Level.    Ftg.  4. 


P'  ^iW'h^ 


sin*  (g  —  0) 


.n  (0'  +^)  sin'^l^i  +  Vsin(0-+^)sinJ 
J^T'  =  P'.cos  ^ 


Fig.  4. 
Cb5«  5.     WaU  Sloping  Outward.    ^  <  90*  +  0'.    Surfau  Surcharged.    Hg.  5. 

sin*  {$  -  4>) 


P'  ^iw'h* 


W  M  M  pJni  /I  r  T  J-  ^  /sin  (0  +  00  sin  (0  -  S)Y 
(0  +<^)Btn'n'+Vsin(0'+«  sin  {9-8)) 
N'  =  P'.cos^' 


(13) 


Material. 

Degrees. 

Degrees. 

W 
Lb.  Per 
Cu.Ft. 

Lb. 

Lb. 

N 
Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 

34 
40 

18 
16 
18 
31 

50 
52 
90 
40 

4.27A« 
6.38A« 
8.ooA» 
2.45A« 

S.I3A« 
7.64A« 
9.6iA> 
3.23A« 

Ashes  w 

(14) 
(15) 


(16) 
(17) 
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Case  6. 


Wall  Sloping  Outward,    tf  >  90*  +  0'.    Surface  Level.    Fig.  6. 
P  =  iwA'-tan«  (45*  -  0/2) 


Fig.  5. 
W  =  wHght  ^ABC  =  iw-tSLtte-Jfi 

E  ^^wn^F^ 

=  §tff-**Vtan«d  +  tan*  (45**  -  0/2) 


(18) 
(19) 


For  a  wall  sloping  outwards,  and  sloping  surface  the  use  of  formulas  is  cumbersome  and  the 
calculations  can  be  more  easily  made  by  graphic  methods  as  explained  on  succeeding  pages. 

Tables  of  Pressure  on  Vertical  Bin  Walls. — ^The  normal  pressure  on  vertical  bin  walls  as 
calculated  by  the  preceding  formulas  for  bituminous  coal,  anthracite  coal,  sand,  and  ashes  are 
given  in  Table  IV,  Table  V,  Table  VI.  and  Table  VII,  respectively.  In  the  tables  column  i  gives 
the  normal  pressure  for  a  smooth  vertical  wall  and  horizontal  surcharge,  while  column  4  gives 
the  normal  pressure  on  a  rough  wall  with  an  angle  of  friction  »  0'.  Column  2  gives  the  normal 
pressure  for  a  smooth  vertical  wall  and  a  surcharge  ■>  0,  while  column  5  gives  the  normal  pressure 
on  a  rough  wall  with  an  angle  of  friction  «  ^',  Column  3  gives  the  normal  pressure  for  a  smooth 
vertical  wall  and  a  negative  surcharge  >■  —  0,  while  column  6  gives  the  normal  pressure  on  a 
rough  wall  with  an  angle  of  friction  »  0^  It  will  be  seen  that  the  pressures  in  columns  2  and  5 
are  identical.  For  a  vertical  wall  with  9  »■  0,  the  normal  pressures  as  given  by  Ranldne's  and 
Cain's  formulas  are  identical. 

These  tables  have  been  taken  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain 
Elevators."  The  tables  of  pressures  and  the  formulas  were  first  published  in  a  modified  form 
'  Mr.  R.  W.  Dull,  in  Engineering  News. 


PRESSURE  OF  BITUMINOUS  COAL, 


3o;> 


The  total  pressures  are  given  for  a  vail  one  foot  long  in  all  cases. 

Note. — ^These  tables  apply  to  shallow  bins  only  (bins  where  the  plane  of  rupture  cuts  the 
free  surface  of  the  filling).  For  the  calculation  of  the  stresses  in  deep  bins  (bins  where  the  plane 
of  rupture  cuts  the  side  of  the  bin)  see  Chapter  IX,  Steel  Grain  Elevators. 


TABLE  IV. 

Total  Pkessusb  in  Pounds  for  Depth  "h**  for  Bituminous  Coal, 
Wall  Onb  Foot  Long. 


w  •- 

=50  lb..  ^  = 

35^ 

^^*SJ*- 

SmootliWall.^'  - 

>  0. 

Rough  Wan.  Angle  of  Ftiction -♦'-x8*.      | 

I 

'           2 

3 

4 

5 

6 

i  rf^*- 

r-r^*- 

InFeeL 

"^'TXi 

•^Tsl 

h      ^ 

h     ^_ 

h    /5 

h 

h     ^ 

h  ,^ 

i-X^ 

i.i 

i.X" 

jlJT 

Jf.JL 

JlJT 

♦'  =  o 

«  =  * 

«  =  -0 

♦'  =  i8« 

5  =  0 

5=-0 

I 

6.75 

16.7s 

5.83 

5.83 

16,75 

4.27 

2 

;7 

Or 

20.S 

23.32 

67 

I7.I 

3 

6o.7S 

150.75 

46.2 

52.47 

150,75 

38.4 

4 

io8 

268 

82 

93.4 

268 

68.3 

S 

168.75 

418.75 

128 

145.7 

418.75 

107 

6 

243 

603 

184.5 

209.4 

603 

156 

7 

333 

821 

257 

286 

821 

209 

8 

432 

1,072 

328 

373 

1,072 

273 

9 

547 

1,357 

415 

472 

1,357 

346 

lO 

675 

1,675 

513 

583 

1,675 

427 

II 

817 

2,027 

615 

705 

2,027 

516 

12 

972 

2,412 

738 

840 

2,412 

615 

13 

1,141 

2,831 

866 

98s 

2,831 

722 

14 

1,323 

3,283 

1,005 

1,143 

3,283 

838 

IS 

1,519 

3,769 

1,152 

1,312 

3,769 

960 

i6 

1,728 

4,288 

1,311 

1,492 

4,288 

1,093 

17 

1,951 

4,841 

1,480 
1,660 

1,685 

4,841 

1,232 

i8 

2,187 

5,427 

1,889 

5,427 

1,382 

19 

2,437 

6,047 

1,852 

2,105 

6,047 

1,541 

20 

2,700 

6,700 

2,052 

2,332 

6,700 

1,708 

21 

2,977 

7,387 

2,262 

2,571 

7,387 

1,883 

22 

3,267 

8,102 

2,483 

2,821 

8,102 

2,067 

23 

3'§n 

8,861 

2,560 

3,084 

8,861 

2,259 

»s 

3,888 
4,219 

9,648 
10,469 

2,810 
3,206 

3,358 
3,644 

9,648 
10,469 

2,460 
2,669 

26 

4,563 

11,323 

3.468 

3,941 

11,323 

2,887 

^l 

4,923 

12,211 

3,740 

4,250 

12,211 

3."3 

28 

5,292 

13,142 

4,022 

4,570 

13,142 

3,348 

29    .       - 

5,677 

14,087 

4,314 

4,903 

14.087 

3,591 

30 

6,075 

15,075 

4,617 

5,247 

15,075 

3,843 
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TABLE  V. 

Total  Pressure  in  Pounds  for  Depth  "h"  for  Anthracite  Coal. 
Wall  One  Foot  Long. 

w  =  52  lb.,  ^  =  27*. 


Depth,  h. 
in  Feet. 

Smooth  WaU.  *'  - 

0. 

RoughWall.  Angle  of  Friction  -^'-  i6^      | 

I 

2 

3 

4 

5 

6 

-ff^*' 

'^Tn* 

Tf^*- 

^'Tm 

h 

h     ^ 

h  jy^ 

^       *- 

^               ^ 

h   /7 

i.Jr 

JlJT 

j-JT 

jLX^ 

±ir 

i.X" 

«'«0 

5  =  0 

«  =  -0 

0'  =  i6«  * 

«=* 

5=-^ 

I 

9-75 

20.5 

7.64 

8.39 

20.5 

6.38 

2 

390 

82.0 

30.6 

33.5 

82.0 

25.5 

3 

87.8 

184.5 

68.8 

75.5 

184.5 

57.5 

4 

.  156 

328 

.122.2 

134.2 

328 

102.0 

S 

244 

'  5x3 

191 

210 

5x3 

1595 

6 

^^l 

738 

267 

302 

738 

230 

7 

s 

1,005 

374 

^H 

1,005 

3x3 

8 

1,312 

619 

536 

1,312 

402 

9 

790 

1,661 

680 

1,661 

517 

10 

975 

2,050 

764 

839 

2,050 

638 

II 

1,180 

2,481 

925 

1,014 

2,481 

773 

12 

m 

2,952 

1,100 

1,209 

2,952 

920 

13 

3,465 

1,290 

1,418 
1,643 

3,465 

1,080 

14 

1,910 

4,018 

1,497 

4,018 

1,250 

15 

i,i93 

4,613 

1,720 

1,887 

4,613 

M36 

16 

*'S°2 

5.248 

1,953 

2.145 

5,248 

1.636 

17 

2,808 

5,945 

2,207 

2421 

5,945 

1.845 

18 

3,160 

6,642 

2,471 

2,718 

6,642 

2,064 

19 

3.521 

7,400 

2,758 

3,030 

7.400 

2,310 

20 

3,902 

8,200 

3,053 

3,350 

8,200 

2,554 

21 

4,303 

9,041 

3,372 

3,700 

9.041 

2,820 

22 

4,718 

9,922 

3,701 

4,061 

9,922 

3,086 

23 

5,156 

10,845 

4,040 

4,438 

10,845 

3,372 

H 

6,097 

11,808 

4,398 

4,833 

11,808 

3,680 

25 

12,813 

4,770 

5,244 

12,813 

3,985 

26 

6,600 

13,858 

5,160 

5,672 

13,858 

4,521 

i7 

7»j" 

14.945 
16,072 

5,560 

6,116 

14,945 
16,072 

4,650 

28 

7,638 

5,979 

6.578 

5,000 

29 

8,202 

17,241 

7,056 

17,241 

5,370 

30 

8,775 

18,450 

6,880 

7,551 

18,450 

5.742 
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TABLE  VI. 

Total  Psessusb  in  Pounds  for  Depth  "h"  for  Sand. 
Wall  One  Foot  Long. 

w  «  90  lb.,  0  =  34^ 


Depth,  h. 

Smooth  WaU.  4'- 

0. 

Rough  Wall.  Angle  of  Frictioc 

I  -  ^  -  IS'. 

I 

.* 

3 

4 

5 

6 

.^j. 

r-r^*- 

mFeet. 

-rf^*- 

^'TvF 

v"p^ 

^Tv* 

h     _ 

h 

h  J^ 

^  ^ 

h 

h  .7:^ 

jLX^ 

±sr 

i.jr 

i.jr 

i.jr 

jL.. 

^'  =  0  . 

5  =  0 

a«  -0 

^'  =  i8» 

a  =  0 

a  =  -0 

I 

12.72 

30.9 

9.61 

10.93 

30.9 

8 

2 

50.8 

123.6 

38.4 

43.7 

123.6 

32 

3 

114.S 

278 

86.40 

98.5 

278 

72 

4 

203.7 

494 

113.8 

175 

494 

128 

S 

318 

772 

240 

273 

772 

200 

6 

g 

1,113 

346 

394 

1,113 

288 

7 

1,51s 

471 

535 

1,515 

392 

8 

81S 

1,980 

615 

700 

1,980 

512 

9 

1,030 

2,500 

778 

885 

2,500 

648 

ID 

1,272 

3,090 

961 

1,093 

3,090 

800 

II 

1,540 

3,740 

1,162 

1,345 

3,740 

968 

12 

1,833 

4,450 

1,383 

1,575 

4,450 

1,152 

13 

2,150 

5,230 

1,624 

2I160 

5,230 

1,352 

H 

M95 

6,060, 

•  1,880 

6,060 

1,568 

IS 

2,862 

6,960 

2,160 

2,460 

6,960 

1,800 

16 

3,256 

7,910 

2,460 

2,798 

7,910 

2,048 

^Z 

3,676 

8,930 

2,777 

3,159 

8,930 

2,312 

18 

4,121 

10,012 

3,"4 

3,541 

10,012 

2,592 

19 

4,592 

11,155 

3469 

3,946 

11,155 

2,888 

20 

5,088 

12,360 

3,84^ 

4,372 

12,360 

3,200 

21 

5,610 

13,627 

4,238 

4,820 

13,627 

3,528 

22 

6.156 

:& 

4,651 

5,290 

14,956 

3,872 

23 

6,729 

5,084 

5.782 

16.346 

4,232 

24 

7,327 

17,798 

5,535 

6,296 

17,798 

4,608 

25 

7,950  • 

19,313 

6,006 

6,831 

19,313 

5,000 

26 

8,599 

20,889 

6,496 

7,389 

20,889 

5,408 

^z 

9,273 

22,526 

7,006 

l*^ 

22,526 

5,832 

28 

9,972 

24,225 

7,534 

8,569 

24,225 

6,272 

29 

10,698 

25,987 

8,082 

9,192 

25,987 

6,728 

30 

11,448 

27,810 

8,649 

9,837 

27,810 

7,200 

21 
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TABLE  VII. 

Total  Psessuse  in  Pounds  for  Depth  "h**  for  Ashes. 
Wall  One  Foot  Long. 

w  B  40  lb.,  0  —  40®. 


Dei>Ui.h. 
in  Feet. 

Smooth  Wall,  ^'  - 

0. 

Rough  WaU.  Angle  of  Frictioa 

-*'-3i-. 

X 

2 

3 

•  4 

5 

6 

r-r^*- 

"^"Ts* 

Tf^*- 

^Tv* 

h 

h   ^_ 

h  J?* 

h 

h 

h  /l^ 

i-JT 

i.X^ 

i.Jr 

jLX* 

JlJT 

iiJ: 

^'  =  0 

a  =  0 

«--0 

*'  -  31" 

«  =  0 

*--i^ 

435 

11.73 

3.23 

13.76 

11.73 

2.45 

17.4 

47 

12.9 

47 

9.80 

39.2 

105.7 

29.01 

30.96 

105.7 

22.05 

69.6 

188 

31.7 

il*^ 

188 

39.20 

108.7 

294 

80.8 

294 

61.2 

6 

156.4 

423 

116 

124 

423 

88.2 

7 

213 

576 

158 

168 

576 

120 

8 

278 

751 

207 

220 

751 

157 

9 

352 

952 

261 

279 

952 

199 

10 

435 

1,173 

323 

344 

1,173 

245 

II 

12 

I26 

1,690 

391 

465 

416 
495 

1,690 

296 

353 

13 

735 

1,985 

546 

581 

1,985 

414 

14 

852 

2,300 

% 

674 

2,300 

480 

IS 

978 

2,640 

774 

2,640 

550 

16 

1,113 

3,010 

828 

881 

3,010 

627 

17 

1,257 

3,400 

934 

994 

3,400 

708 

18 

1,408 

3,803 

1,04s 

1,115 

3,803 

794 

19 

1,527 

4,240 

1,165 

1,242 

4,240 

884 

20 

1,740 

4,700 

1,290 

1,376 

4,700 

980 

21 

1,920 

5.I8I 

1,423 

1,517 

5,181 

1,080 

22 

2,100 

5.677 
6,215 

1,561 

1,665 

5,677 

1,186 

23 

2,300 

1,706 

1,820 

6,215 

1,296 

H 

2.506 

6,756 

1,860 

1,981 

6.756 

1,411 

2S 

2,720 

7,331 

2,017 

2,150 

•  7,331 

1,531 

26 

2,940 

7,929 

2,180 

2,325 

7,929 

1,656 

27 

3,165 

8,551 

2,352 

1  2,508 

8,551 

1,786 

28 

3^^ 

9,196 

2.530 

1  2,697 

9,196 

1,921 

29 

9,865 

2,718 

1  2,893 

9,865 

2,060 

30 

3,91s 

10,557 

2,910 

'  3,096 

10,557 

2,205 
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SntESSES  IN  SHALLOW  BINS,  Graphic  SolntioiL— The  graphic  solution  will  be  given 
for  two  cases  which  frequently  occur  in  practice. 

Gnqihic  Solution.  Hopper  Bin,  Level  PulL*— The  calculation  of  stresses  in  bins  by  means 
of  graphics  will  be  illustrated  by  the  following  problem  taken  from  "The  Design  of  Walls,  Bins 
and  Grain  Elevators."  A  cross-section  of  the  bin  shown  in  Fig.  7  is  filled  with  coal  weighing  58 
lb.  per  cu.  ft.,  and  having  an  angle  of  repose  ^  =  30®.    The  total  pressure  on  the  plane  A-H  is 

I  -  sin  » 


Pi  =  Jw.ib« 


I  +sin^ 


3.130  lb. 


acting  horizontally  through  a  point  12  ft.  below  the  top  surface.     Now,  to  find  the  pressure  Ps 
on  the  plane  G-A,  produce  Pi  until  it  intersects  the  line  0%  ^  the  weight  of  triangle  AHG  « 10,440 


32Lo''-^t 


W 


4t-  -//-a 


Pi^*   I 


s^e 


3{/rface  &f  i 
Materia  H 


Wf^h  f  of  Cpai  Sdibs,  per  cu*  ft 
Anqk  ^  f^tp&^€  ^t50T 


Fig.  7. 


lb.  at  0,  and  by  constructing  O-l  «  Pf  =  10,860  lb.  Pj  is  parallel  to  E  in  Fig.  7.  The  normal 
pressure  on  A-g  is  9,900  lb.  Now  A-i  —  9,900  lb.  acts  through  the  center  of  gravity  of  triangle 
A  C74,  and  is  equal  to  the  area  of  i4G4  X  w.  The  normal  unit  pressure  at  i4  is  733  lb.  per  sq.  ft., 
and  the  normal  unit  pressure  at  B  is  320  lb.  per  sq.  ft.  The  ncnmal  pressure  on  i4  ^  acts  through 
the  center  of  gravity  of  the  shaded  area,  and  is  JV^  =  7*850  lb.  Also  by  construction  E  =  8,600  lb. 
The  pressure  on  bottom  A-P  is  equal  to  18  X  58  =  1,044  lb.  per  sq.  ft.  The  pressure  on  the 
waU  C-Bis 

,  I  —  sin  0 


P,  =  \W'lfi 


I  -l-sin^ 


620  lb. 


Cakaktioii  of  Stresses  in  Fnunewoik. — ^The  loads  on  the  bin  walls  are  carried  by  a  transverse 
framework  as  shown  in  Fig.  8,  spaced  17  ft.  o  in.  center  to  center.  The  loads  at  the  joints  act 
parallel  to  the  pressures  as  previously  calculated,  and  the  loads  can  be  calculated  in  the  same 
manner  as  for  a  simple  beam  loaded  with  a  similar  loading.  The  stresses  are  calculated  by  graphic 
resolution  and  by  algebraic  moments  as  shown  in  Fig.  8  and  Fig.  9. 

Hopper  Bin,  Top  Surface  Heaped. — ^The  bin  in  Fig.  10  is  heaped  at  the  angle  of  repose, 
^  s  30^    To  calculate  the  pressure  on  side  A-B,  proceed  as  follows:  Locate  points  G  and  H, 

^  The  calculations  are  made  for  a  section  of  the  bin  one  foot  long. 
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k- - 32''0''-' 


^...loLo^-^^^^^-n-o^—'H 


3SB0 


7040^ 


i 
I 

S^      WeigrMofCaa/Sdib5.percaft 
Bin  /T'OVon^* 


Fig.  8. 
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and  calculate  the  horizontal  pressure  Pi  =  7,680  lb.,  acting  on  the  plane  H-K  at  \HK  above  H. 
Pressure  P\  was  calculated  by  the  graphic  method.  Produce  Pi  until  it  intersects  at  O  the  line 
of  action  of  the  weight  of  the  triangle  GHK  acting  through  the  center  of  gravity  of  the  triangle. 
From  O  lay  off  O-i  —  W  =  19,900  lb.,  acting  downwards,  and  from  i  lay  off  1-2  =  Pi  =  7,680 
lb.,  acting  to  the  left.    Then  O-2  =  Pj  =  21,300  lb.     Now  Pi  =  area  triangle  6'GH'W,  and 


r— 


z52-0^- 


A. 


/ 

iSQ- 

Wi 

tv 

% 

>• 

*■> 


?,-. 


v 


h*^/  ^Ciw/  Jff//!s,  pwr  fit  /3t 


Fig.  10. 


£  =  area8 -B-'i4-5''W  =  1 1,340  lb.  Force  E  acts  through  the  center  of  gravity  of  area  8-B-i4-5. 
The  horizontal  pressure  on  plane  C-B  =  1,400  lb.  =  area  s'e'n'-w.  The  vertical  pressure  on 
the  left-hand  side  of  the  bottom  A-P  is  7,480  lb.,  acting  through  the  center  of  gravity  of  the 
pressure  polygon.    The  vertical  unit  pressure  at  A  is  1,412  lb.  per  sq.  ft. 

STRESSES  IN  SUSPENSION  BUNKERS. — ^The  suspension  bunker  shown  in  (a)  Fig.  11, 
carries  a  load  which  varies  from  zero  at  the  support  to  a  maximum  at  the  center.  If  the  bunker 
is  level  full  the  loading  from  the  supports  to  the  center  varies  nearly  as  the  ordinates  to  a  straight 
line,  while  if  the  bunker  is  surcharged  the  straight  line  assumption  for  loading  is  more  nearly 
correct. 

We  will,  therefore,  assume  that  the  loading  of  the  bunker  in  (a)  is  represented  by  the  tri- 
angular loading  varying  from  p  =  zero  at  each  support  to  a  maximum  of  p  =»  P  at  the  center. 

Let  /  =  one-half  the  span  in  feet; 
5  =  the  sag  in  feet; 

H  =  the  horizontal  component  of  the  stress  in  the  plate  in  lb.  per  lineal  foot  of  b^ 
w  s  weight  of  bin  filling  in  lb>  per  cu.  ft.; 
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T  »  maximum  tension  in  plate  in  lb.  per  lineal  foot  of  bin; 
V  s  reaction  of  the  bunker  in  lb.  per  lineal  foot  of  bin; 
C  B  capacity  of  bunker  in  cu.  ft.  per  lineal  foot  of  bin; 
B  =  origin  of  coordinates. 


Fig.  II. 


Now  if  the  right-hand  half  of  the  bunker  be  cut  away  as  in  (6)  and  moments  be  taken  about 
At  the  moment  will  be 

M  »  HS  (20) 


If  the  bunker  be  assumed  as  an  equilibrium  polygon  drawn  by  u^ng  a  force  polygon,  the  bending 
moment  at  the  center  is  equal  to  the  pole  distance  multiplied  by  the  intercept  S.  Therefore  H 
must  be  equal  to  the  pole  distance  of  the  force  polygon. 

The  following  equations  are  deduced  in  the  author's  "The  Design  of  Walls,  Bins  and  Grain 
Elevators." 

Equation  of  the  curve  of  the  bunker 

Gipadty  of  bunker  level  full 

In  calculating  P  for  any  given  bunker,  since  P  is  the  maximum  pressure  for  a  triangular 
loading 

(23) 
(24) 
(25) 


for  a  bunker  level  full 
also 


P  -  \S'W 
Cw'l 


iJ- 
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7=  iC'W 

B  f 5 •/•«;,  for  a  bin  level  full 


Wr 


9^ 


(26) 
(27) 


The  length  of  the  curve  of  a  suspennon  bunker  is  given  in  Table  VIII. 

TABLE  VIII. 
Length  of  One-Half  Curve,  L. 


Sag  ratio  -  5/{. 

Lensth,  L. 

Sag  ratio  >-  SIL 

Length.  L. 

1.06378/ 
1.13686/ 
1.22992/ 
1.28307/ 
1.36651/ 

I 

I.61131/ 
1.71906/ 
1.85815/ 

The  curve  may  be  constructed  graphically  as  follows:  In  (c)  Fig.  11  it  is  required  to  pass 
the  curve  through  the  points  A  and  B.  The  loads  i,  2,  3,  4,  etc.,  are  laid  off  in  the  force  polygon 
(<0>  and  a  pole  0  is  taken.  The  equilibrium  polygon  A-B'  is  then  constructed  in  (c).  Now  we 
know  from  graphic  statics  that  if  two  poles  be  taken  for  the  force  polygon  in  (d),  and  corresponding 
equilibrium  polygons  be  drawn  through  A,  the  strings  meeting  on  the  same  load  will  intersect  on  a 
line  through  A  parallel  to  the  line  O-C.  Now  D  is  determined  by  the  intersection  of  rays  D-B' 
and  D-B,    The  true  curve  is  then  easily  constructed  and  pole  (/  is  located. 

If  the  bunker  is  surcharged  by  vertical  walls  as  shown  in  (e)  the  curve  is  extended  until  it 
meets  the  slope  of  the  material,  and  the  span  and  sag  are  to  be  used  as  shown. 

Deep  Bins. — ^For  the  calculation  of  the  stresses  in  deep  bins,  see  the  calculation  of  the  stresses 
in  grain  bins,  Chapter  IX. 

For  methods  of  calculating  the  stresses  in  hopper  bins  with  the  top  surface  surcharged,  and 
the  calculadon  of  the  stresses  in  bin  bottoms  and  circular  girders,  see  the  author's  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Anc^e  of  Repose. — ^The  angle  of  repose  and  the  weights  of  different  materials  are  given  in 
Table  IX. 

DATA. — ^For  angles  of  internal  friction,  see  Table  IX,  and  for  angles  of  friction  on  bin  walls, 
see  Table  X. 

TABLE  IX. 

Weight  and  Angle  of  Repose  of  Cdal,  Coke,  Ashes  and  Ore. 


Material. 

Weight  Lb. 
per  Cu.  Ft. 

Angle'of  Repoee 
^in  Degrees. 

Authority. 

Bituminous  coal 

50 

47  to  56 
52 
52.1 

521056 

53 
23  to  32 

40 
40  to  45 

35 
35 

*7 
27 

27 

'ii 

40 

35 

Link  Belt  Machinery  Co. 
Link  Beit  Engineering  Co. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Link  Belt  Engineering  Co. 
K.  A.  Muellcnhoff. 
Cambria  Steel. 
Wellman-Seaver-Morgan  Co. 
Gilbert  and  Barth. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Cambria  Steel. 
Wellman-Scavcr-Morgan  Co. 

Bituminous  coal 

Dtt-iiminmift  mal 

Anthra<^ite  coal, 

Anthracite  coal 

Anthracite  coal  fine 

Anthracite  coal 

Slaked  coal 

Slaked  coal 

Coke 

Aahes 

Aahes.  aoft  coal 

Ore.  soft  iron 
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Coal,  ore,  etc.,  will  give  an  angle  of  ^  »  40^  if  the  material  is  dry,  but  if  the  material  is  wet 
the  angle  of  repose  may  be  increased  to  nearly  90^ 

Angle  of  Friction  on  Bin  WaUs. — ^The  values  in  Table  X  may  be  used  in  the  absence  of  more 
accurate  data. 

TABLE  X. 

Angle  of  Friction  of  Different  Materials  on  Bin  Walls. 


Material. 

Sted  Plate. 
4' in  Decreet. 

Wood  Cribbed. 
^' in  Decreet. 

Concrete. 
^^  in  Decree*. 

Bituminous  coal 

18 
16 

35 

as 

40 
30 

35 
40 
30 

Anthracite  coal 

Ashci 

Coke 

Sand 

«ww/j//^' 


Fig.  12.    CoKB  and  Stone  Bins,  Lackawanna  Steel  Co. 


Setf-deaning  Hoppers. — In  order  to  have  hoppers  self-cleaning  when  the  material  is  moist 
it  is  necessary  to  have  the  hopper  bottoms  slope  at  an  angle  considerably  in  excess  of  the  angle  of 
repose  ^  or  angle  of  friction  ^'. 
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Ore  pockets  on  the  Great  Lakes  are  made  with  hopper  bottoms  at  an  angle  of  48^  40'  to 
50^  4S\  but  the  majority  are  at  an  angle  of  49®  45'.  Bituminous  coal  will  slide  down  a  steel 
chute  at  an  angle  of  40°  and  a  wooden  chute  at  an  angle  of  45®.  Anthracite  coal  will  slide  down  a 
steel  chute  at  an  angle  of  30®  and  down  a  wooden  chute  at  an  angle  of  35  ^ 


&•/ 


I        ekar 


Fig.  13.    Elevation  Circular  Steel  Ore  Bin  for  Old  Dominion  Copper  Mining  Co. 


DESIGN  OF  BINS. — Bins  are  usually  subjected  to  sudden  loads  and  vibrations  and  should 
be  designed  for  two-thirds  the  allowable  unit  stresses  for  dead  loads  given  in  §§  33  to  41,  inclusive, 
in  "Specifications  for  Steel  Frame  Buildings/'  Chapter  I. 

Bins  are  made  of  timber,  of  structural  steel,  or  of  concrete,  or  the  different  materials  may 
be  used  in  combination. 

FLAT  PLATES. — ^The  analysis  of  the  stresses  in  flat  plates  supported  or  fixed  at  their  edges 
is  extremely  difficult.  The  following  formulas  by  Grashof  may  be  used:  The  coefficient  of  lateral 
contraction  is  taken  as  }.  For  a  full  discussion  of  these  formulas  based  on  Grashof 's  "Theorie 
Der  Elasticitat  und  Festigkeit"  see  Lanza's  Applied  Mechanics. 

I.   Circular  plate  of  radius  r  and  thickness  /,  supported  around  its  perimeter  and  loaded  with  w 
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per  square  inch. — Let  /  ™  maximum  fiber  stress,  v  ™  maximum  deflection,  and  E  «  modulus  of 
elasticity, 


•^  "  128    fi 

189  W'H 
*'  "  256  E'fi 


I  ^fif^4^'j'ff^*   ± 


(28) 
(29) 


Fig.  14.    Details  for  Circular  Bins  for  Old  Dominion  Copper  Mining  Co. 


2.   Circular  plate  buiU  in  or  fixed  at  the  perimeter, 

'      64    /« 
256  £./• 


(30) 
(31) 


3.  Rectangular  plate  cf  length  a  breadth  6,  and  thickness  /,  HhU  in  or  fixed  at  She  edgu  and 
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carrying  a  uniform  load  w  per  square  inch, — Let  fa  be  the  unit  stress  parallel  to  a,  ^  be  the  unit 
stress  parallel  to  b,  and  a>  b. 


For  a  square  plate  a  »  fr, 


wa* 


/  = 


P  =s 


4/* 


(33) 

(34) 
(35) 


The  strength  of  plates  simply  supported  on  the  edges  is  about  }  the  strength  of  plates  fixed. 
Plates  riveted  or  bolted  around  the  edges  may  be  considered  as  fixed. 

For  a  diagram  giving  the  safe  loads  on  flat  plates,  see  the  author's  "  The  Design  of  Walls, 
Bins  and  Grain  Elevators/'  also  see  Part  IL 

Buckle  Plates. — Buckle  plates  are  made  by  "dishing"  flat  plates  as  in  Table  59,  Part  IL 
The  width  of  the  buckle  W,  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be 
turned  with  the  greater  dimension  in  either  direction  of  the  plate.     Several  buckles  may  be.  put 


€npandMM0falor 
ymiil»rMet9l 


H'l^^T'^ 

t 
%i 


2iCcneret9 
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^^hiii'i'r 


Crois  5t€fhn  ofdunktrlfoust 
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Fig.  15. 


Nofn-dtrmn  §hftn  kiihousandt  ofpoank 
Coal  Bunkers,  Rapid  Transit  Subway,  New  York,  N. 


in  one  plate,  all  of  which  must  be  the  same  size  and  symmetrically  placed.  Buckle  plates  are 
made  }  in.,  A  in*f  f  in.  and  iV  in*  in  thickness.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  edges  with  a  maximum  spacing  of  6  in.,  and  should  be  supported  transversely  between 
the  buckles.  The  process  of  buckling  distorts  the  plate  and  an  extra  width  should  be  ordered  and 
the  plate  should  be  trimmed  after  the  process  is  complete. 


316 


STEEL   BINS. 


Chap.  VIII. 


Strength  of  Buckle  Plates. — ^The  safe  load  for  a  buckle  plate  with  buckles  placed  up,  is  approxi- 
mately given  by  the  formula 

W  =  4f'R'l  (36) 

where  W  —  total  safe  uniform  load  in  lb.; 

/  =  safe  unit  stress  in  lb.  per  sq.  in.; 
R  —  depth  of  buckle  in  in.; 
/  »  thickness  of  plate  in  in. 
Where  buckle  plates  are  riveted  and  the  buckle  placed  down  the  safe  load  is  from  3  to  4  times 
that  given  above. 

TYPES  OF  BINS. — ^The  most  common  types  are  (i)  the  suspension  bunker,  (2)  the  hopper 
bin,  and  (3)  the  circular  bin. 

Suspension  Bunkers. — Suspension  bunkers  are  made  by  suspending  a  steel  framework  from 
two  side  members,  the  weight  of  the  filling  causing  the  sides  to  assume  the  curve  of  an  equilibrium 
polygon.  The  stresses  in  the  plates  of  a  true  suspension  bunker  are  pure  tensile  stresses.  Steel 
suspension  bunkers  are  commonly  lined  with  a  concrete  lining  about  1}  to  3}  in.  thick,  reinforced 
with  wire  fabric,  to  protect  the  metal  of  the  bin. 


-a^^,Cofr.^fft4*li 


Fig.  16.    Coal  Bunkers,  Rapid  Transit  Subway,  New  York,  N.  Y. 

Hopper  Bins. — ^Hopper  bins  may  be  made  of  timber,  steel,  or  reinforced  concrete.  A  stcd 
coke  and  stone  bin,  erected  by  the  Lackawanna  Steel  Company,  is  shown  in  Fig.  12.  These  bins 
were  divided  into  panels  12  ft.  6  in.  center  to  center,  with  double  partitions  at  each  panel  point, 
leaving  a  clear  length  of  11  ft.  6  in.  The  bins  are  lined  throughout  with  {  in.  plates.  All  rivets 
in  the  floor  are  countersunk.    The  gates  at  the  bottom  of  the  bin  are  cylindrical  and  are  revolved 
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by  a  sjrstem  of  shafting  and  gears.  There  is  an  opening  in  the  side  of  the  drum,  and  when  the 
drum  b  revolved  this  opening  comes  opposite  the  opening  in  the  bottom  of  the  bin  and  the  drum 
is  filled.    The  drum  is  then  revolved  and  the  material  is  dumped  into  the  larries. 

Circular  Bins. — Circular  bins  are  made  of  both  steel  and  reinforced  concrete.  A  circular 
ore  bin  with  a  hemispherical  bottom  is  shown  in  Fig.  13  and  Fig.  14. 

EXAMPLES  OF  BINS.  Steel  Coal  Bin  for  Rapid  Transit  Subway.— A  cross-section  of  a 
1,000-ton  suspension  bunker  built  by  the  Rapid  Transit  Subway,  New  York  City,  is  shown  in 
Fig.  15  and  Fig.  16.  The  bunker  is  supported  on  posts  and  is  covered  by  corrugated  steel.  The 
bin  is  lined  with  a  layer  of  concrete  3}  in.  thick,  reinforced  with  expanded  metal.  The  details  of 
construction  are  plainly  shown  in  the  cuts. 
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Fig.  17.    Hopper  Bin  Cananea  Consolidated  Copper  Co.,  Cananea,  Mexico. 
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Ore  Bins  for  Cananea  Consolidated  Copper  Company. — Detail  drawings  of  a  hopper  ore 
bin  built  by  the  Cananea  Consolidated  Copper  Company  are  shown  in  Fig.  17.  The  ore  is  coarBe 
and  heavy  and  is  dumped  from  cars  on  the  top  of  the  bins.  The  ore  is  drawn  off  through  gates 
on  the  bottom  and  is  carried  away  on  a  conveyor.  The  side  plates  are  i  in.  thick  and  are  stiffened 
with  channels  spaced  about  4  ft.  apart.  The  hopper  plates  are  |  in.  thick  and  are  stiffened  with 
10  in.  channels. 
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Fig.  18.    Steel  Coal  Bins  at  Coketon,  W.  Va. 

Steel  Coal  Bins  for  Davis  Coal  and  Coke  Co. — ^The  steel  coal  bin  shown  in  Fig.  18  was  designed 
by  the  American  Bridge  Company  for  the  Davis  Coal  and  Coke  Co.  for  the  coke  ovens  at  Coketon, 
W.  Va.  The  framework  is  made  of  structural  steel  and  is  covered  with  corrugated  steel.  The 
bin  is  lined  with  3  in.  oak  plank  spiked  to  timber  spiking  pieces  which  are  bolted  to  the  steel 
beams.  The  bin  is  carried  on  plate  girders  each  having  a  web  plate  96  in.  X  f  in.  1  and  top  and 
bottom  flanges  of  two  angles  6"  X  6"  X  A".  The  bin  is  filled  by  a  belt  conveyor  passing  over 
the  top  of  the  bin,  as  shown  in  Fig.  18.  The  coal  is  drawn  from  the  bins  through  gates  into  cars 
and  is  hauled  to  the  coke  ovens.    The  capacity  of  the  bin  is  300  tons. 

References. — ^For  the  design  of  reinforced  concrete  bins,  and  for  additional  data  and  examples, 
see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


CHAPTER  IX. 
Steel  Grain  Elevators. 

Introdtiction. — Grain  elevators,  or  "silos,"  as  they  are  called  in  Europe,  may  be  divided  into 
two  classes  according  to  the  arrangement  of  the  bins  and  elevating  machinery:  (a)  elevators 
which  are  self  contained,  with  all  the  storage  bins  in  the  main  elevator  or  working  house;  and 
(]b)  elevators  having  a  working  house  containing  the  elevating  machinery,  while  the  storage  is  in 
bins  connected  with  the  working  house  by  conveyors.  The  working  house  is  usually  rectangular 
in  shape,  with  square  or  circular  bins;  while  the  independent  storage  bins  are  usually  circular. 

VJith  reference  to  the  materials  of  which  they  are  constructed,  elevators  may  be  divided 
into  (i)  timber;  (2)  steel;  (3)  concrete;  (4)  tile,  and  (5)  brick.  Steel  grain  elevators,  only,  will 
be  considered  in  this  chapter.  For  a  complete  treatise  on  the  design  of  grain  elevators,  see  the 
author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 

STRESSES  IN  GRAIN  BINS.— The  problem  of  calculating  the  pressure  of  grain  on  bin 
walls  b  somewhat  similar  to  the  problem  of  the  retaining  wall,  but  is  not  so  simple.  The  theory 
of  Rankine  will  apply  in  the  case  of  shallow  bins  with  smooth  walls  where  the  plane  of  rupture 
cuts  the  grain  surface,  but  will  not  apply  to  deep  bins  or  bins  with  rough  walls.  (It  should  be 
remembered  that  Rankine  assumes  a  granular  mass  of  unlimited  extent.) 

Stresses  in  Deep  Bins. — ^Where  the  plane  of  rupture  cuts  the  sides  of  the  bin  the  solution  for 
shallow  bins  does  not  apply. 

Nomenclature. — ^The  following  nomenclature  will  be  used: 
^  a  angle  of  repose  of  the  filling; 
4>'  »  the  angle  of  friction  of  the  filling  on  the  bin  walls; 
II  »  tan  ^  B  coefficient  of  friction  of  filling  on  filling; 
11'  »  tan  4>'  —  coefficient  of  friction  of  filling  on  the  bin  walls; 
X  »  angle  of  rupture; 
w  as  weight  of  filling  in  lb.  per  cu.  ft.; 
V  «  vertical  pressure  of  the  filling  in  lb.  per  sq.  ft.; 
L  »  lateral  pressure  of  the  filling  in  lb.  per  sq.  ft. ; 
A  «  area  of  bin  in  sq.  ft.; 
U  »  circumference  of  bin  in  ft.; 
R  ^  AjU  ^  hydraulic  radius  of  bin. 
Jtnssen's  Solution. — ^The  bin  in  (a)  Fig.  i,  has  a  uniform  area  A,  a  constant  circumference  Z7, 
and  is  filled  with  a  granular  material  weighing  w  per  unit  of  volume,  and  having  an  angle  of  repose 
0.     Let  V  be  the  vertical  pressure,  and  L  be  the  lateral  pressure  at  any  point,  both  V  and  L 
being  assumed  as  constant  for  all  points  on  the  horizontal  plane.     (More  correctly  V  and  L  will 
be  constant  on  the  surface  of  a  dome  as  in  (&).) 

The  weight  of  the  granular  material  between  the  sections  of  y  and  y  -{•  dy  =  A-W'dy;  the 
total  frictional  force  acting  upwards  at  the  circumference  will  be  =  L«  Z/'tan  ^''dy;  the  total 
perpendicul|Lr  pressure  on  the  upper  surface  will  be  »  V'A;  and  the  total  pressure  on  the  lower 
surface  will  be  «  ( V  +  <i  V)A. 

Now  these  vertical  pressures  are  in  equilibrium,  and 

V-A  -  {V  +  dV)A  '\'  A'W'dy  -  L-  U-tSLm^'-dy  »  o 
and 

dV--  (w-  L'tsLtiit^'j^dy  (i) 
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Now  in  a  granular  mass,  the  lateral  pressure  at  any  point  is  equal  to  the  vertical  pressure 
times  k,  SL  constant  for  the  particular  granular  material,  and 

Also  let  A/U  =>  R  (the  hydraulic  radius),  and  tan  0'  =  /i'. 
Substituting  the  above  in  (i)  we  have 

Now  let 


and 


dV 


h 

\ 

t 

\ 


_x. 


Surface  of  \  \ 
Maferfa/^  ' 

y 

1 
1 

1 

.'-'^V 

"^ 

A 

w-n-V 


dy 


I'U'dy 


II 


Cb) 


Fig.  I. 


(G) 


.     I 


% 


(2) 

(3) 


and 


Integrating  (3)  we  have 

log(w-»-y)  -  -»-y+  C 

Now  if  y  —  o,  then  F  —  o,  and  C  =  log  w,  and  (4)  reduces  to^ 


where  e  b  the  base  of  the  Naperian  system  of  logarithms.    Solving  for  K  we  have 

K  .  ?  (,  -  e-^t) 


Substituting  the  value  of  n  from  (3),  we  have 

V 


^(,-^^'.W^ 


Now  if  A  be  taken  as  the  depth  of  the  granular  material  at  any  point  we  will  have 


Also 


(4) 


(5) 


(6) 


(7) 
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(8) 


Now  if  w  is  taken  in  lb.  per  cu.  ft.,  and  R  in  ft.,  the  pressure  will  be  given  in  lb.  per  sq.  ft. 
For  deep  bins  with  a  depth  of  more  than  two  and  one-half  diameters  the  last  term  of  the 
right  hand  member  of  (8)  may  be  omitted,  and 


L'  =  — 7-  (approx.) 


(9) 


Now  both  ft'  and  k  can  only  be  determined  by  experiment  on  the  particular  grain  and  kind  of 
bin.     For  wheat  and  a  wooden  bin,  Janssen  found  /i'  »  0.3  and  k  —  0.67,  making  k'li!  ^  0.20. 

Jamieson  found  by  experiment  that  for  wheat  k  —  0.6,  and  he  found  values  in  Table  I  for  f/ 
with  wheat  weighing  50  lb.  per  cu.  ft.  and  having  0  =  28®,  /i  =>  0.532: 

TABLE  I. 

Coefficients  of  Friction  m'  for  Wheat  on  Bin  Walls. 

Jamieson. 

Wheat  Weighing  50  lb.  per  cu.  ft.,  and  Angle  of  Repose  ^  =»  28  Degrees. 


Materials. 

Coeffident  of  Friction. 

Wheat  on  wheat 

0.468 
0.37s  to  0.400 
0.36s  to  0.37s 
0.400  to  0.42s 
0.400  to  0.42s 
0.420  to  0.4SO 

Wheat  on  steel  troueh  olate  bin 

Wheat  on  steel  flat  plate,  riveted  and  tie  bars 

Wheat  on  steel  cylinders,  riveted 

Wheat  on  cement-concrete,  smooth  to  rough 

Wheat  on  tile  or  brick,  smooth  to  rough 

Wheat  on  cribbed  wooden  bin 

Pleisner  obtained  the  values  of  m'  as  given  in  Table  II,  and  of  ^  as  given  in  Table  III. 

TABLE  II. 
Coefficients  of  Friction  of  Grain  Bin  Walls.    Pleisner. 


Bins. 

Coeffident  of  FricUon  #«'  -  tan  *'.                         | 

Wheat. 

Rye. 

Cribbed  bin           

0.43 
0.S8 
0.25 

0.45 
0.71 

0.S4 
0.78 
0.37 

0.S5 
0.8s 

Ringed  cribbed  bin 

Small  Dlank  bin 

Laree  olank  bin 

Reinforced  concrete  bin 

TABLE  III. 
Values  of  *  =  L/V  for  Wheat  and  Other  Grains  in  Different  Bins.    Pleisner. 


Bins. 

k  -  L/V,                                                         1 

Wheat. 

Rye. 

Rape. 

Flax-6eed. 

Cribbed  bin 

0.4    to  0.5 

0.4    to  0.5 

0.34  to  0.46 

0.3 

.  0.3    to  0.35 

0.23  to  0.32 
0.3    to  0.34 
0.3    to  0.45 
0.23  to  0.28 

0.3 

Rinffed  cribbed  bin          .    . 

Small  plank  bin 

O.S  to  0.6 

O.S  to  0.6 

Tjrce  olank  bin 

Reinforced  concrete  bin 

1 

22 
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TABLE  IV. 
Hyperbolic  or  Naperian  Logarithms. 


N. 

Log. 

N. 

Log. 

N. 

Log. 

1. 00 

3.65 

1.2947 

6.60 

I.887I 

1.05 

0.0488 

3.70 

1.3083 

6.70 

1. 902 1 

1. 10 

0.0953 

3.75 

I.3218 

6.80 

1.9169 

I.I5 

0.1398 

3.80 

1.3350 

6.90 

1.9315 

1.20 

0.1823 

3.85 

I.3481 
I.3610 

7.00 

1.9459 

1.25 

0.2231 

3.90 

7.20 

I.974I 

1.30 

0.2624 

3.95 

1.3737 

?s 

2J0OIS 

1-35 

0.3001 

4.00 

1.3863 

2.0281 

1.40 

0.3365 

4.05 

1.3987 

7.80 

2.0541 

1.45 

0.3716 

4.10 

I4110 

8.00 

2.0794 

1.50 

04055 

4.15 

1423 1 

8.25 

2.II02 

1.55 

04383 

4.20 

I4351 

8.50 

2.I4OI 

1.60 

04700 

4.25 

1.4469 

8.75 

2.169I 

1.65 

0.5008 

4.30 

14586 

9.00 

2.1972 

1.70 

0.5306 

4.35 

I.4701 

9.25 

2.2246 

1.75 

0.5596 

440 

I.4816 

9.50 

2.2513 

1.80 

0.5878 

4.45 

1.4929 

9.75 

^'^m 

1.85 

0.6152 

4.50 

I.504I 

10.00 

2.3026 

1.90 

0.6419 

4.55 

I.5151 

11.00 

2.3979 

1-95 

0.6678 

4.60 

I.5261 

12.00 

2.4849 

2.00 

0.6931 

4.65 

1.5369 

13.00 

2.5649 

2.05 

0.7178 

4.70 

1.5476 

14.00 

2.6391 

2.10 

0.7419 
0.7655 

4.75 

1.5581 

15.00 

2.7081 

2.15 

4.80 

1.5686 

16.00 

2.7726 

2.20 

0.788s 

4.85 

1.5790 

17.00 

2.8332 

2.25 

0.8109 

4.90 

1.5892 

18.00 

2.8904 

2.30 

0.8329 

4.95 

X.5994 

19.00 

2.9444 

2.35 

0.8544 

5.00 

1.6094 

20.00 

2.9957 

240 

0.8755 
0.8961 

5.05 

I.6194 

21.00 

30445 

245 

5.10 

1.6292 

22.00 

3.0910 

2.50 

0.9163 

5-15 

1.6390 

23.00 

3.1355 

i.55 

0.9361 

5.20 

1.6487 

24.00 

3.1781 

2.60 

0.9555 

5.25 

1.6582 

25.00 

3.2189 

2.65 

0.9746 

5.30 

1.6677 

tjSjoo 

3.2581 

2.70 

0.9933 

5.35 

1.6771 

27.00 

3.2958 

2.75 

I.OI16 

540 

1.686^ 
1.6956 

28.00 

3.3322 

2.80 

1.0296 

5.45 

29.00 

3.3673 

2.85 

I.OA73 
1.0647 

5.50 

1.7047 

30.00 

34012 

2.90 

'1 

1.7138 

31.00 

34340 

2.95 

1.0818 

1.7228 

32.00 

3.00 

1.0986 

5.65 

1.73 17 

33.00 

34965 

3.05 

I.IIS4 

5.70 

1.7405 

34.00 

3.5264 

3.10 

1.1314 

^•? 

1.7492 

35.00 

3.5553 

3.15 

1.1474 
1.1632 

5.80 

1.7579 

40.00 

3.6889 

3.20 

5.85 

1.7664 

45.00 

3.8066 

3*5 

1.1787 

5.90 

1.7750 

00.00 

3.9120 

3.30 

1.1939 

6.00 

1.7834 

4.0943 

3-35 

1.2090 

1.7918 

70.00 

4.2485 

340 

1.2238 

6.  0 

1.8083 

80.00 

4-3820 

345 

1.2384 

6.20 

1.8245 

90.00 

43052 

3.50 

1.2528 

6.30 

1.8405 

100.00 

3*55 

1.2669 

640 

1.8563 

3.60 

1.2809 

6.50 

1.8718 

It  wfll  be  seen  in  (8)  that  the  maximnin  lateral  preflsure  in  a  bin  which  must  be  uied  in  the 
design  of  deep  bins,  is  independent  of  ib,  and  that  therefore  an  exact  determination  of  ib  is  not  very 
important.    In  calculating  the  values  of  Kand  L  in  (7)  and  (8),*it  is  necessary  to  use  a  table  of 
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natural  or  hyperbolic  logarithms.  A  brief  table  of  hyperbolic  logarithms  is  given  in  Table  IV. 
To  find  the  hyperbolic  logarithm  of  any  number,  using  a  table  of  Brigg's  or  common  logarithms, 
use  the  relation:  The  hyperbolic  or  Naperian  logarithm  of  any  number  »  common  or  Brigg*s 
logarithm  X  2.30259. 

The  author  has  calculated  the  lateral  pressures  on  steel  plate  bins.  Fig.  2. 
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0        I         2        3        4       5.67        6        9 
Pressure  m  lbs.  per  sq.  in. 

Lateral  Fressusb  in  Steel  Plate  Grain  Bins  Calculated  by  Janssen's 

Formula. 


To  use  Fig.  2  to  calculate  the  pressures  in  rectangular  bins,  calculate  the  pressure  in  a  circular 
or  square  bin  which  has  the  same  hydraulic  radius,  R{R  ^  area  of  bin  •^  perimeter  of  bin),  as 
the  rectangular  bin. 

It  will  be  seen  in  Fig.  2  that  the  pressure  varies  as  the  diameters,  where  the  height  divided 
by  the  diameter  is  a  constant.  By  using  this  principle  the  pressure  for  any  other  diameter  within 
the  limits  of  the  diagram  may  be  directly  interpolated. 

Problem  x.  Required  the  lateral  pressure  at  the  bottom  of  a  cement  lined  bin,  10  ft.  in 
diameter  and  20  ft.  high,  containing  wheat  weighing  50  lb.  per  cu.  ft.  Assume  11'  «  0.416,  and 
k  «  0.6,  also  R  will  B  2}  ft.,  w  B  50  lb.,  A  »  20  ft.,  and  k-n'  «  0.25. 

Now  from  (8) 


(,  «^»x»/M) 


J.  ^  50  X  2.5 
0.416 

«  300(1  -  e"*) 
Now  from  Table  IV  the  number  whose  hyperbolic  logarithm  is  2.00  b  7.40,  and 

=  260  lb.  per  sq.  ft., 
—  1.8  lb.  per  sq.  in. 
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Gennan  Practice. — ^Janssen's  formula  is  given  in  Hutte  Des  Ingenieurs  Taschenbuch,  as 
the  standard  formula  for  the  design  of  grain  bins.  For  wheat  Janssen  found  that  y!  =  0.3,  and 
k  »  0.67,  so  that  ik''k  ^  0.20.  Using  these  values  and  changing  to  English  units,  we  have  for 
wheat, 

V  «  Hi?  (i  «  ^HWU/lT) 

0.2   "^  ' 

or  if  d  a  diameter  or  nde  of  bin,  then 

V  =  fw.rf(i  -  «-o.a*/<i) 

L  ^k'V 
which  is  the  German  practice. 

Load  on  Bin  Walls. — ^The  walls  of  a  deep  bin  carry  the  greater  part  of  the  weight  of  the 
contents  of  the  bin.  The  total  weight  carried  by  the  bin  walls  is  equal  to  the  total  pressure,  P, 
of  the  grain  on  the  bin  walls,  multiplied  by  the  coefficient  of  friction  n'  of  the  grain  on  the  bin 
walls. 

From  formula  (8)  the  unit  pressure  on  a  unit  at  a  depth  y  will  be 

L  =  HL.?  (I  »  H»-M'.r/^)  (10) 

and  the  total  lateral  pressure  for  a  depth  y^  per  unit  of  length  of  the  perimeter  of  the  bin,  will  be 

Now  the  last  term  in  (11)  is  very  small  and  may  be  neglected  for  depths  of  more  than  two 
diameters,  and 

The  total  load  per  lineal  foot  carried  by  the  side  walls  of  the  bin  will  be 

Pn'  "^'^ly-jrpj  (approx.)  (13) 

For  the  total  weight  of  grain  carried  by  the  side  walls  multiply  (13)  by  the  length  of  the  cir- 
cumference of  the  bin. 

Formulas  (12)  and  (13)  may  be  deduced  as  follows: — ^The  grain  carried  by  the  sides  of  the 
bin  will  be  equal  to  the  total  weight  of  grain  in  the  bin  minus  the  pressure  on  the  bottom  of  the 
bin.     If  P  is  the  total  side  pressure  on  a  section  of  the  bin  one  unit  long,  then 

P'U'/  '^W'A-y-  A'V  (a) 

.  ^. ^  .y  -  Eldl?  (,  _  ^M'^r/*)  (b) 

and  solving  (6) 

=  ^jr-  [  y  -  ^  J  (approx.)  (13) 

and  the  total  load  carried  on  a  section  of  the  bin  one  unit  long  will  be  found  by  multiplying  P  in 
(")by/i',  and 


EXPERIMENTS  ON  THE   PRESSURE  OF  GRAIN   IN   DEEP  BINS.        325 

«  wi^  [^  y  -  j^J  (approx.)  (13) 

For  example  take  a  steel  bin  10  ft.  in  diameter  and  100  ft.  deep;  weight  of  wheat,  w  »  50 
lb.  per  cu.  ft.;  angle  of  friction  of  wheat  on  steel,  /i'  =  0.375;  angle  of  repose  of  grain  on  grain, 
II  =»  tan  28®  =  0.532  0*  does  not  occur  in  formula  (13)  but  may  be  used  in  calculating  an  approxi- 
mate value  of  A  =  (i  —  sin  28**)/(i  +  sin  28°)  =  0.37  which  is  a  close  approximation  to  ife  =  0.4 
which  will  be  used).    Then  the  load  carried  by  the  side  walls  per  lineal  foot  will  be  from  (13) 

P-m'  =  50  X  2.5  [  100  -  ^-^^ 1 

=  10,416  lb. 

The  total  load  on  the  entire  bin  walls  will  be 


4  X  0.375 , 


P-m'  X  31-416  =  3271635  lb. 

The  total  weight  of  wheat  in  the  bin  is 

50  X  78-5  X  100  =  392,700  lb. 

and  the  total  load  carried  by  the  bottom  of  the  bin  is 

392,700  -  327,635  =  65,065  lb. 

and  the  pressure  on  the  bottom  =  V  =  65,065/78.54  =  830  lb.  per  sq.  ft.  From  formula  (7)  we 
find  that  V  =  830  lb.  per  sq.  ft, 

EXPERIMENTS  ON  THE  PRESSURE  OF  GRAIN  IN  DEEP  BINS.— The  laws  of  pressure 
of  grain  and  similar  materials  are  very  different  from  the  well  known  laws  of  fluid  pressure.  Dry 
wheat  and  com  come  very  nearly  filling  the  definition  of  a  granular  mass  assumed  by  Rankine  in 
deducing  his  formulas  for  earth  pressures.  As  stored  in  a  bin  the  grain  mass  is  limited  by  the 
bin  walls,  and  Rankine's  retaining  wall  formulas  are  not  directly  applicable. 

If  grain  is  allowed  to  run  from  a  spout  onto  a  floor  it  will  heap  up  until  the  slope  reaches  a 
certain  angle,  called  the  angle  of  repose  of  the  grain,  when  the  grain  will  slide  down  the  surface 
of  the  cone.  If  a  hole  be  cut  in  the  bottom  of  the  side  of  a  bin,  the  grain  will  flow  out  until  the 
opening  is  blocked  by  the  outflowing  grain.  There  is  no  tendency  for  the  grain  to  spout  up  as 
in  the  case  of  fluids.  If  grain  be  allowed  to  flow  from  an  orifice  it  flows  at  a  constant  rate,  which 
is  independent  of  the  head  and  varies  as  the  diameter  of  the  orifice. 

Experiments  by  Willis  Whited,*  and  by  the  author  at  the  University  of  Illinois,  with  wheat 
have  shown  that  the  flow  from  an  orifice  is  independent  of  the  head  and  varies  as  the  cube  of  the 
diameter  of  the  orifice.  This  phenomenon  can  be  explained  as  follows:  The  wheat  grains  in 
the  bin  tend  to  form  a  dome  which  supports  the  weight  above.  The  surface  of  this  dome  is 
actually  the  surface  of  rupture.  When  the  orifice  is  opened  the  grain  flows  out  of  the  space  below 
the  dome  and  the  space  is  filled  up  by  grains  dropping  from  the  top  of  the  dome.  As  these  grains 
drop  others  take  their  place  in  the  dome.  Experiments  with  glass  bins  show  that  the  grain  from 
the  center  of  the  bin  is  discharged  first,  this  drops  through  the  top  of  the  dome,  while  the  grain 
in  the  lower  part  of  the  dome  discharges  last. 

The  law  of  grain  pressures  has  been  studied  experimentally  by  several  engineers  within 
recent  years.  A  brief  resume  of  the  most  important  experiments  is  given  in  the  author's  "The 
Design  of  Walls,  Bins  and  Grain  Elevators,"  where  after  a  careful  study  of  all  available  experi- 
ments the  author  reached  the  following  conclusions: — 

I.  The  pressure  of  grain  on  bin  walls  and  bottoms  follows  a  law  (which  for  convenience  will 
be  called  the  law  of  "semi-fluids"),  which  is  entirely  different  from  the  law  of  the  pressure  of  fluids. 

•  Proc  Eng.  Soc.  of  West.  Penna,,  April,  1901. 
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2.  The  lateral  pressure  of  grain  on  bin  walls  is  less  than  the  vertical  pressure  (0.3  to  0.6  of 
the  vertical  pressure,  depending  on  the  grain,  etc.)*  and  increases  very  little  after  a  depth  of  2} 
to  3  times  the  width  or  diameter  of  the  bin  is  reached. 

3.  The  ratio  of  lateral  to  vertical  pressures,  k,  is  not  a  constant,  but  varies  with  different  grains 
and  bins.    The  value  of  k  can  only  be  determined  by  experiment. 

4.*  The  pressure  of  moving  grain  is  very  slightly  greater  than  the  pressure  of  grain  at  rest 
(maximum  variation  for  ordinary  conditions  is,  probably,  10  per  cent). 

5.  Discharge  gates  in  bins  should  be  located  at  or  near  the  center  of  the  bin. 

6.  If  the  discharge  gates  are  located  in  the  sides  of  the  bins,  the  lateral  pressure  due  to  moving 
grain  is  decreased  near  the  discharge  gate  and  is  materially  increased  on  the  side  opposite  the 
gate  (for  common  conditions  this  increased  pressure  may  be  two  to  four  times  the  lateral  pressure 
of  grain  at  rest). 

7.  Tie  rods  decrease  the  flow  but  do  not  materially  affect  the  pressure. 

8.  The  maximum  lateral  pressures  occur  immediately  after  filling,  and  are  slightly  greater 
in  a  bin  filled  rapidly  than  in  a  bin  filled  slowly.  Maximum  lateral  pressures  occur  in  deep  bins 
during  filling. 

9.  The  calculated  pressures  by  either  Janssen's  or  Airy's  formulas  agree  very  closely  with 
actual  pressures. 

10.  The  unit  pressures  determined  on  small  surfaces  agree  very  closely  with  unit  pressures 
on  large  surfaces. 

11.  Grain  bins  designed  by  the  fluid  theory  are  in  many  cases  unsafe  as  no  provision  is  made 
for  the  side  walls  to  carry  the  weight  of  the  grain,  and  the  walls  are  crippled. 

12.  Calculation  of  the  strength  of  wooden  bins  that  have  been  in  successful  operation  shows 
that  the  fluid  theory  is  untenable,  while  steel  bins  designed  according  to  the  fluid  theory  have 
failed  by  crippling  the  side  plates. 

RECTANGULAR  STEEL  BINS.~For  the  calculation  of  the  stresses  in  and  the  design  of 
rectangular  steel  bins,  see  the  author's  "  The  Design  of  Walls,  Bins  aod  Grain  ElevatorB,** 
Second  Edition. 

CIRCULAR  STEEL  BIHS. — In  the  designing  of  steel  grain  bins  particular  attention  should 
be  given  to  the  horizontal  joints,  and  to  the  strength  of  the  bin  to  act  as  a  column  to  support  the 
grain.  To  calculate  the  thickness  of  the  metal  the  horizontal  pressure  L  is  obtained  from  Jan- 
ssen's  formula,  and  then  the  thickness  may  be  found  by  the  formula 

where  t  »  thickness  of  the  plate  in  in.; 

L  »  horizontal  pressure  in  lb.  per  sq.  in.; 
d  »  diameter  of  bin  in  in.; 
S  B  working  stress  in  steel  in  lb.  per  sq.  in.; 
/  «  efficiency  of  the  joint. 
The  unit  stress  S  may  be  taken  at  16,000  lb.  per  sq.  in.,  and/ will  be  about  57  per  cent  for  a 
single  riveted  lap  joint,  73  per  cent  for  a  double  riveted  lap  joint,  and  80  per  cent  for  double 
riveted  double  strap  butt  joints.    For  the  efficiency  of  riveted  joints,  see  Table  I  la.  Chapter  XI. 
The  allowable  stresses  given  for  the  design  of  steel  mill  buildings  should  be  used  in  design. 
These  allowable  stresses  are  as  follows:  Tension  on  net  section  16,000  lb.  per  sq.  in.;  shear  on 
cross-section  of  rivets  11,000  lb.  per  sq.  in.;  bearing  on  the  projection  of  rivets  (diameter  X  thick- 
ness of  plate)  22,000  lb.  per  sq.  in.    Compression  in  columns  P  «  16,000  —  7o//r  where  P  »  unit 
stress  in  lb.  per  sq.  in.,  /  » length  of  member  and  r  «  radius  of  g3rration  of  the  member,  both  in  inches. 
Rivsts  in  Horizoiital  Joints. — ^The  ride  walls  carry  a  large  part  of  the  weight  of  the  grain  in 
the  bin  and  this  should  be  consdered  in  designing  the  horizontal  joints.    The  weight  of  the 
grain  supported  by  the  bin  above  any  horizontal  joint  can  be  calculated  as  shown  in  the  following 
example.  Assume  a  steel  plate  bin  25  ft.  in  diameter,  and  it  is  required  to  calculate  the  grain 
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supported  by  the  bin  walls  above  a  horizontal  joint  75  ft.  below  the  top  of  the  grain.  From 
equation  (13)  the  grain  carried  by  the  bin  walls  per  lineal  foot  of  circumference  of  bin,  where 
«  *-  50  lb.  per  ctt.  ft.;  /  -  0.375;  k  -  0.40,  also  R  -  25/4  -  6.25,  and 


•m'  -  50  X  6.25  [  75  - 
»  10415  lb. 


6.25 


o.4Xa375. 


The  weight  of  the  steel  bin  above  the  joint  may  be  taken  as  1 ,250  lb.  per  lineal  foot  of  joint. 
The  horizontal  riveting  should  then  be  designed  for  a  shear  of  11 1665  lb.  per  lineal  foot  of  joint. 
Assume  that  the  plates  are  |  in.  thick  and  the  rivets  }  in.  in  diameter.  For  allowable  stresses  of 
16,000  lb.  per  sq.  in.  in  tension,  11,000  lb.  per  sq.  in.  in  shear,  and  22,000  lb.  per  sq.  in.  in  com- 
pression; then.  Table  1 14,  Part  II,  the  value  of  a  1  in.  shop  rivet  in  single  shear  ">  4,860  lb.,  and  a 
field  rivet  is  |  of  4,860  »  3,240  lb.,  and  in  compression  «  6,190  lb.  for  shop  rivets  and  »  4.127 
lb.  for  fieki  rivets.  For  a  lap  joint  therefore  the  spacing  should  not  be  greater  than  3,240  X  12 
-4-  11,665  B  3.25  in.,  requiring  but  one  row  of  rivets. 

Stresses  in  a  Steel  Bin  Due  to  Wind  Moment — ^If  M  is  the  moment  due  to  the  wind  acting 
on  the  bin  above  the  horizontal  joint,  then  the  stress  per  lineal  foot  of  joint  due  to  wind  moment 
will  be 

S  «  -^ ,  but  /  =-  tx-d*  (approx.)  and  S  »  ^^ 


(15) 


where  an  dimennons  are  in  feet.  For  a  wind  load  of  30  lb.  per  sq.  ft.  on  two-thirds  of  the  tank 
(20  lb.  per  sq.  ft.  on  the  entire  surface  of  the  tank)  the  wind  stress  will  be  5  =  2,865  lb.  per  lineal 
foot.  The  spacing  therefore  should  not  be  greater  than  3,240  X  12  -s-  (11,665  +  2,865)  »  2f  in. 
Stiffenera. — In  large  circular  steel  bins  the  thin  side  walls  are  not  sufficiently  rigid  to  support 
the  weight  of  the  grain  and  it  is  necessary  to  supply  stiffeners.  For  this  purpose  angles  or  Z-bars 
may  be  used.  Experience  has  shown  that  bins  in  which  the  height  is  equal  to  or  greater  than 
about  2}  times  the  diameter  do  not  need  stiffeners.  There  is  at  present  no  rational  method  for 
the  design  of  these  stiffeners  or  the  stiffeners  in  plate  girders.  In  Fig.  9  willbe  seen  the  details 
of  a  steel  bin  of  the  Independent  Steel  Elevator  with  Z-bar  stiffeners.  Angle  stiffeners  were 
used  in  the  bins  of  the  Electric  Elevator,  Minneapolis,  Minn. 


Fig.  3.    Plan  or  Steel  Storage  Bins  for  a  Steel  Elevator. 

Circular  steel  bins  are  used  for  ston^  in  large  elevators  and  may  be  used  for  a  complete 
elevator  as  in  F^.  3.  The  space  between  the  bins  is  sometimes  used  for  auxiliary  storage.  The 
circular  bin  walls  are  stiffened  by  means  of  vertical  channels,  and  the  auxiliary  bins  are  cross-braced 
with  steel  rods.  Complete  details  of  circular  steel  bins  for  the  Independent  Elevator,  Omaha, 
Neb.,  are  shown  in  Fig.  9. 
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Steel  Country  Elevator. — General  plans  of  a  steel  grain  elevator  for  the  Manhattan  Milling 
Co.,  designed  and  constructed  by  the  Minneapolis  Steel  &  Machinery  Co.,  Minneapolis,  Minn., 
are  given  in  Fig.  4.  This  elevator  could  easily  be  changed  to  a  shipping  elevator  by  putting  in  a 
wagon  dump.  Grain  is  run  from  the  cars  into  the  boot  of  the  receiving  leg,  and  is  then  elevated 
and  conveyed  by  a  screw  conveyor  to  the  large  storage  bins,  or  is  run  into  the  temporary  storage 
bins,  then  cleaned  and  elevated  and  conveyed  to  the  storage  bins  by  the  screw  conveyor.  The 
bins  are  built  of  steel  plates,  and  the  working  house  is  built  of  steel  framework  covered  with  cor- 
rugated steel.  This  elevator  has  a  capacity  of  76,300  bushels  but  the  scheme  can  be  used  for  a 
30,000  to  40,000  bushel  elevator  for  either  shipping  or  for  milling  purposes. 

TEEE  INDEPENDENT  STEEL  ELEVATOR,  OMAHA,  NEB.  General  Description.— 
This  elevator  consists  of  a  steel  working  house  having  a  bin  capacity  of  240,000  bushels  and  8  steel 
storage  bins  having  a  storage  capacity  of  100,000  bushels  each,  making  a  total  storage  capacity  of 
1,040,000  bushels. 

The  steel  working  house  is  64  ft.  X  70  ft.,  with  14  ft.  sheds  on  two  ends  and  one  side,  as 
shown  in  Fig.  5.  The  sub-story  of  the  building  is  26  ft.  The  bins  are  64  ft.  4  in.  high,  as  shown 
in  Fig.  6,  and  are  supported  on  steel  columns,  as  shown  in  Fig.  6  and  Fig.  7.  The  spouting  story 
is  24  ft.  6  in.  high;  the  gamer  and  scale  story  is  26  ft.  6  in.  high;  and  the  machinery  story  is  13 
ft.  8  in.  high.  The  walls  below  and  above  the  bins  are  covered  with  No.  24  corrugated  steel  laid 
with  1}  corrugations  side  lap  and  3  in.  end  lap.  The  roof  is  covered  with  No.  22  corrugated  steel 
laid  directly  on  the  steel  purlins  with  2  corrugations  side  lap  and  6  in.  end  lap. 

On  the  first  or  working  floor  the  floor  between  the  tracks  is  made  of  J  in.  plate  bolted  to  the 
beams,  while  the  remainder  of  this  floor  is  made  of  concrete  filled  in  above  concrete  arches  which 
rest  on  the  flanges  of  the  beams  with  a  finish  ij  in.  thick  of  Portland  cement  mortar  consisting 
of  one  part  cement  to  one  part  clean,  sharp  sand.  The  concrete  is  composed  of  one  part  Portland 
cement,  two  parts  sand,  and  five  parts  crushed  stone. 


I 


Fig.  5.    Plan  of  Independent  Elevator. 


The  floor  of  the  cupola  throughout  the  different  floors  and  in  the  gallery  leading  over  the 
bins  is  made  of  No.  24  corrugated  steel  resting  on  steel  framework,  and  covered  with  3  in.  of  con- 
crete and  a  one-inch  finish  of  one  to  one  Portland  cement  mortar  troweled  smooth.  All  doors 
are  of  the  rolling  steel  type.  The  window  frames  were  made  of  2  in.  X  6  in.  timbers  and  are 
covered  with  No.  26  sheet  steel.  All  windows  are  provided  with  i|  in.  checked  rail  sash  and  are 
glazed  with  double  strength  glass. 

Painting. — ^All  steel  work  of  every  description  was  painted  with  one  coat  oxide  of  iron  paint 
at  the  shop  and  a  second  coat  after  erection.  The  tank  plates  and  corrugated  steel  were  painted 
on  the  exterior  surface  only  after  erection. 

Bins. — ^The  eight  steel  storage  bins  are  44  ft.  in  diameter  and  80  ft.  high,  have  a  capacity  of 
100,000  bushels  and  rest  on  separate  concrete  foundations.  The  bins  are  constructed  of  steel 
plates  stiffened  with  Z-bars,  as  shown  in  Fig.  9.  The  bins  are  covered  with  a  steel  plate  roof, 
Fig.  12,  supported  on  roof  trusses,  as  shown  in  Fig.  11  and  Fig^  13.    A  conveyor  gallery  10  ft. 
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wide  and  8  ft.  high  extends  from  the  working  house  over  the  bins.  A  conveyor  tunnel  extends 
from  the  working  house  under  the  bins.  The  rivet  spacing  in  the  circular  bins  is  shown  in  Fig.  9. 
The  bii)s  in  the  working  house  are  arranged  as  shown  in  Fig.  8,  and  are  constructed  of  plates, 
as  shown  in  Fig.  6  and  Fig.  7.  The  bins,  14  ft.  X  16  ft.,  are  braced  in  the  comers  with  angle 
braces  spaced  5  ft.  centers  vertically,  and  of  the  sizes  shown  in  Fig.  8.  The  large  bins  are  also 
braced  with  }  and  f-jn.  round  rods  spaced  5  ft.  apart  as  shown.  All  the  smaller  bins  are  braced 
with  |-in.  round  rods  spaced  2  ft.  6  in.  apart  as  shown.  Vertical  angles  in  the  sides  of  the  bins 
are  provided,  as  shown  in  Fig.  6,  Fig.  7,  and  Fig.  8. 
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EQuiFliENT. — ^There  are  two  stands  of  receiving  elevators  with  receiving  pits  on  either 
side.  These  elevators  have  22-inch  6-ply  belts  and  20  in.  X  7  in.  X  7  in.  buckets  spaced  14  in. 
apart;  the  receiving  pits  are  covered  with  steel  grating,  and  a  pair  of  Clark's  automatic  grain 
shovels  are  located  at  each  unloading  place.  These  elevators  are  driven  with  an  electric  motor 
of  100  H.  P.,  each  elevator  being  driven  with  a  clutch  and  pinion  so  that  the  elevator  may  be 
stopped  and  started  at  will. 

There  is  one  stand  of  shipping  elevators  constructed  in  the  same  manner,  having  a  26-in. 
6-ply  belt  and  2  lines  of  12  in.  X  7  in.  X  7  in.  buckets  spaced  14  in.  apart. 
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Fig.  10.    Details  op  Bin  Bottoms  and  Conveyors  under  Bins,  Independent 

Elevator. 


There  are  two  stands  of  cleaning  elevators  with  i4-in.  6-ply  belts  with  12  in.  X  6  in.  X  6  in. 
buckets  spaced  12  in.  apart. 

There  are  also  two  screenings  elevators  with  9-in.  5-ply  belts  with  8  in.  X  5  11^  X  5  in. 
buckets  spaced  12  in.  apart. 

The  shipping,  screenings,  and  cleaner  elevators  are  driven  from  a  line  shaft  which  is  driven 
by  a  100  H.  P.  motor,  each  elevator  being  driven  by  a  core  wheel  and  pinion. 

Three  scale  hoppers,  having  a  capacity  of  1,800  bushels,  are  located  in  the  cupola,  and  three 
gamer  hoppers  of  1,800  bushels  capacity  are  located  above  the  scale  hoppers 

The  main  line  shaft  on  the  first  floor  is  driven  by  a  170  H.  P.  motor. 

A  car  puller  capable  of  moving  25  loaded  cars  is  provided. 

EleTRtors. — ^The  boots  of  the  receiving  and  shipping  elevators  rest  in  water-tight  steel  boot 
tanks  made  of  A-u^-  ^tc^l  plates.    The  elevator  boots  are  made  of  A-ul  steel  plates,  the  Ixxyt  pul 
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leys  having  a  vertical  adjustment  of  8  inches.  The  elevator  cases  are  made  of  No.  12  steel  up  to 
the  bins,  and  of  A'iQ-  plates  in  the  bins,  and  No.  14  steel  above  the  bins.  The  cases  are  strength- 
ened by  angles  at  the  comers.  The  elevator  heads  are  made  of  No.  14  steel.  At  each  receiving 
elevator  is  a  large  elevator  pit  extending  from  the  leg  back  to  the  center  of  the  track.  This  pit 
is  constructed  of  beams  and  A-^i^*  plates  and  is  covered  with  a  grating  of  1}  X  i-in.  bars  spaced 
li  in.  apart. 

The  elevator  buckets  are  "  Buffalo"  buckets;  those  for  the  receiving  elevators  are  20  in.  X  7 
in.  X  7  in.;  for  the  shipping  elevators  two  lines  of  12  in.  X  7  in.  X  7  in.  buckets;  for  the  cleaning 
elevators  one  line  of  12  in.  X  6  in.  X  6  in.  buckets;  and  for  the  screenings  elevator  one  line  of 
8  in.  X  5  in.  X  5  in.  buckets.  The  buckets  in  the  receiving,  shipping  and  cleaning  elevators 
are  spaced  14  in.  apart,  while  those  in  the  screenings  elevator  are  spaced  12  in.  apart. 

The  elevator  belts  in  the  receiving  elevators  are  22  in.  wide  and  6-pIy,  the  shipping  belts 
are  26  in.  wide  and  6-ply;  the  cleaning  belts  are  14  in.  wide  and  6-pIy,  and  the  screenings  belts 
are  9  in.  wide  and  5-ply.    The  belting  is  made  of  32  ounce  duck  and  is  first-class. 


Ko€f  Framing  Phm  for  Tanks. 
Fta  II.    Framing  for  Roof  of  Circular  Bins,  Independent  Elevator. 


Spouts. — ^The  building  is  provided  with  a  complete  system  of  spouts.  The  general  distrib- 
uting spouts  from  the  scales  to  the  shipping  spouts  are  double-jointed  Mayo  spouts.  There  are 
three  shipping  spouts  which  are  provided  with  telescoping  bottom  sections.  All  bin  bottoms 
are  provided  with  a  revolving  spout  with  a  cut-off  gate  operated  with  a  lack  and  pinion,  with 
cords  leading  to  within  reaching  distance  of  the  floor. 

ConTeyoTB. — ^The  conveyor  belt  leading  from  the  working  house  over  the  bins  is  a  36  in. 
4-ply  conveyor  belt,  is  carried  on  disc  rolls  consisting  of  3  straight-faced  6-in.  pulleys  and  2  special 
discs;  the  discs  run  loose  on  the  shafts,  which  are  i  A-in-  diameter  and  are  spaced  5  ft.  centers. 
The  return  rolls  are  5-in.  straight-faced  rolls  spaced  15  ft.  centers.  At  each  point  in  the  elevator 
where  grain  is  loaded  onto  the  belt  there  are  two  pairs  of  special  concentrating  rolls.    Mov^hli* 
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trippers  provided  with  spouts  are  provided,  so  that  grain  may  be  discharged  on  either  side  of  the 
belt.  The  entire  conveyor  is  carried  on  a  steel  framework.  The  conveyor  belt  is  driven  by  a 
40  H.  P.  motor.  The  conveyor  in  the  tunnel  leading  from  the  storage  tanks  to  the  working 
house  is  of  the  same  type  as  the  conveyor  above  the  bins,  and  is  supported  on  a  steel  framework, 
except  that  the  top  or  carrying  rolls  are  all  of  the  concentrating  types,  as  shown  in  Fig.  10.  The 
concentrating  rollers  are  composed  of  two  straight-faced  rolls  from  the  main  shaft,  and  two 
concentrating  rolls  meeting  at  an  angle  of  45°  to  the  straight  rolls.  The  lower  conveyor  is  driven 
by  a  rope  drive  from  the  main  line  shaft  in  the  working  house. 


Fig.  13.    Details  of  Steel  Roof  Truss  for  Steel  Bins,  Independent  Elevator. 


Scale  Hoppers. — ^There  are  three  scale  hoppers  of  1,800  bushels  capacity,  each  mounted 
on  a  Fairbanks-Morse  and  Company's  scales,  having  a  capacity  of  84,000  lb.,  and  have  steel 
frames.  The  hoppers  have  A-in*  steel  plate  sides,  and  }-in.  plate  bottoms,  stiffened  with  angle 
irons,  and  are  tied  together  with  tie  rods.  Each  hopper  is  provided  with  a  22-in.  cast  iron  outlet 
with  a  steel  plate  cut-off  gate. 

Gamers. — ^A  steel  gamer  hopper  is  placed  directly  over  each  scale  hopper.  The  gamers 
have  a  capacity  of  1,800  bushels,  and  are  constructed  with  A*in.  side  plates  and  }-in.  bottom 
plates.  The  bottoms  of  the  gamers  are  hoppered  to  four  openings,  which  are  provided  with  gates 
sliding  on  steel  rollers. 

Qeanihig  Macfaines. — ^A  large  size  cleaning  machine  and  a  large  size  oat  clipper  are  provided. 
These  machines  are  connected  with  a  large  dust  collector  which  discharges  the  dust  from  the 
cleaning  machines  and  from  the  sweepings  outside  of  the  building. 

Car  Poller. — ^A  car  puller  having  a  capacity  of  25  loaded  cars  is  provided.  The  car  puller 
has  two  dmms,  each  provided  with  400  ft.  of  f-in.  cmcible  steel  cable. 

Shovels. — ^A  pair  of  Clark  automatic  grain  shovels,  with  all  necessary  counterweights,  sheaves, 
scoops,  eta,  are  provided. 

The  total  weight  of  steel  in  the  elevator  is  1,700  tons;  approximately  900  tons  in  the  working 
house,  and  800  tons  in  the  circular  bins  and  conveyors. 

The  total  cost  was  $205,000,  of  which  the  8  steel  bins  and  conveyors  cost  $80,000. 

COST  OF  STEEL  GRAIN  ELEVATORS.— The  following  costs  of  steel  grain  elevators  have 
been  taken  from  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators,"  which  also  gives 
costs  of  reinforced  concrete  and  tile  bins,  and  timber  grain  elevators.  The  total  cost  of  the  steel 
grain  elevator  of  the  working  house  type,  constructed  by  the  Great  Northern  Railway  at 
Superior,  Wis.,  was  39.65  cts.  per  bushel  of  storage.  The  elevator  had  a  storage  capacity  of 
3,100,000  bushels,  and  the  steel  weighed  7  lb.  per  bushel  of  storage  capacity.    The  Independent 
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Elevator  cost  9}  cts.  per  bushel  storage  capacity  for  the  steel  bins,and  54  cts.  per  bushel  storage 
capacity  for  the  working  house.  A  steel  country  elevator  having  four  steel  tanks,  17}  ft.  diam- 
eter and  30  ft.  high,  with  an  interspace  bin  and  a  conveyor  shed,  and  having  a  storage  capacity 
of  30,000  bushels,  weighed  3  lb.  per  bushel  of  storage  capacity.  The  shop  cost  and  cost  of  erec- 
tion of  the  structural  steel  was  I15.00,  and  I19.00  per  ton,  respectively. 

References. — ^For  the  design  of  reinforced  concrete  grain  bins  and  elevators,  and  for  additional 
data  and  examples,  see  the  authpr's  "The  Design  of  Walls,  Bins  and  Grain  Etevators." 


CHAPTER  X. 
Steel  Head  Frames  and  Coal  Tipples. 

Types  of  Head  Works  for  Mines. — ^The  design  of  the  head  works  for  a  mine  depends  upon 
the  material  which  is  to  be  hoisted,  upon  the  depth  of  the  mine,  the  inclination  of  the  shaft,  the 
rate  of  hoisting,  the  amount  to  be  hoisted  at  one  time,  the  treatment  of  the  ore  or  coal  after  being 
hoisted,  and  upon  the  material  used  in  the  construction  of  the  structure.  Head  works  for  mines 
may  be  divided  into  three  classes:  (i)  head  frames;  (2)  rock  houses;  (3)  coal  tipples. 

The  first  head  frames  were  constructed  of  timber;  the  most  common  type  being  the  4-po8t 
head  frame.  The  square  or  rectangular  mine  tower  was  cross-braced  and  the  sheave  supports 
were  made  of  heavy  timber.  The  back  brace  was  inclined  and  was  placed  between  the  hoisting 
rope  and  the  line  of  the  resultant  of  the  stress  in  the  hoistii^  rope. 
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Sted  head  frames  vary  in  design  to  suit  local  conditions  and  the  ideas  of  the  designer.  The 
A-frame  in  Fig.  i  is  the  most  satisfactory  type  where  conditions  permit  of  its  use.  It  is  simple 
in  design  and  economical  of  material;  the  stresses  are  statically  determinate,  and  it  can  be  easily 
and  effectively  braced,  making  a  very  rigid  frame.  The  4-p08t  frame  in  Fig.  2  b  the  type  to  use 
when  it  is  necessary  to  hoist  from  several  compartments  of  a  shaft  not  in  a  ^ngle  line.  It  is  also 
used  for  coal  tipples  and  double  compartment  shafts.  The  4-po8t  frame  is  not  so  economical  of 
material  as  the  A-frame;  is  more  difficult  to  brace  effectively,  partly  for  the  reason  that  part  of 
the  bracing  in  the  tower  must  be  omitted  to  permit  the  dumping  of  the  ore  or  coal,  and  in  addition 
the  stresses  are  staticatly  indeterminate.  The  frame  shown  in  Fig.  3  is  a  modification  of  the 
A-frame  used  for  an  inclined  shaft.  Several  early  head  frames  in  the  coal  fields  of  Pennsylvania 
were  built  on  the  lines  of  the  frame  shown  in  Fig.  4.  This  type  of  frame  has  no  points  of  merit 
and  b  pracdcally  obsolete. 

For  an  elaborate  discussion  of  the  design  of  Hbad  frames,  coal  tipples,  and  other  mine  struc- 
tures, see  the  andior's  "The  Design  of  Mine  Structures.** 

METHODS  OF  HOISXING. — ^In  h<nsting  from  inclined  or  vertical  shafts,  the  hoisting 
engine  is  placed  at  some  distance  from  the  mouth  of  the  shaft,  the  cable  passes  up  over  the  sheave 
at  the  top  of  the  head  frame  and  into  the  shaft.  The  rope,  if  round,  is  carried  on  a  smooth  or  a 
grooved  hoisting  dium,  and  if  flat,  is  carried  on  a  hoisting  reeL  The  maximum  working  load  on 
the  rope  occurs  when  the  loaded  skip  or  cage  is  being  hoisted  from  the  bottom  of  the  shaft.  The 
working  load  then  consists  of  the  skip  or  cage,  the  load,  the  accelerating  force,  the  weight '- '   * 
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rope  itself,  and  the  friction  of  the  rope  on  the  sheave  and  drum  and  of  the  skip  or  cage  in  the 
guides. 

With  round  ropes  the  hoisting  drum  for  deep  mines  is  commonly  made  conical,  the  small 
diameter  being  Used  when  the  load  is  at  the  bottom  of  the  shaft.     Flat  ropes  are  wound  on  a  reel, 


>3heaye 


Fig.  4. 


so  that  the  small  diameter  is  used  when  the  load  is  at  the  bottom  of  the  shaft,  the  diameter  of 
the  reel  increasing  as  the  rope  is  wound  up.  The  required  height  of  the  head  frame  depends 
upon  (i)  the  room  required  for  screening,  crushing  and  handling  the  coal  or  ore;  (2)  the  speed 
of  hoisting — ^with  rapid  hoisting  it  is  necessary  to  have  a  height  from  the  landing  to  the  sheaves 


'She^vt 


^Ho/Wny^  Drum 


Fig.  5. 


of  from  two  to  three  times  the  hdght  of  the  cage  or  skip  or  a  full  revolution  of  the  drum  to  prevent 
over  winding,  and  (3)  the  desired  location  of  the  hoisting  engine.  With  a  given  height  of  head 
frame  A,  the  distance  ^,  Figs,  i  to  5,  depends  upon  the  diameter  of  the  sheave,  the  diameter  of 
the  rope,  and  whether  the  rope  is  round  or  flat.    The  sheave  should  be  as  laige  as  can  conveniently 
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be  used,  as  the  larger  the  sheave  the  longer  the  life  of  the  hoisting  rope.  The  inertia  of  a  large, 
heavy  sheave,  however,  with  rapid  hoisting  may  kink  the  rope  and  cause  excessive  wear.  The 
bending  stresses  in  flat  ropes  for  a  sheave  of  given  diameter  are  less  than  in  round  ropes  having 
equal  strength,  but  the  life  of  flat  ropes  is  less  than  for  round  ropes.  Flat  ropes  are  wound  on 
reels  which  are  at  all  times  in  line  with  the  head  frame  sheave,  while  round  ropes  are  wound 
on  a  drum  so  that  the  horizontal  angle  between  the  center  line  of  the  sheave  and  the  cable  is 
continually  changing.    The  distance,  d^  for  fiat  ropes  can  then  be  less  than  for  round  ropes. 


Fig.  6.    Gilberton  Steel  Head  Frame. 


Hoisting  from  mine  shafts  is  commonly  done  in  two  compartments  of  the  shaft  at  the  same 
time,  the  unloaded  skip  or  cage  descending  as  the  loaded  skip  or  cage  ascends.  This  is  known  as 
hoisting  in  balance  or  counterbalance.  There  is  a  considerable  saving  in  power  in  hoisting  in 
balance.  To  hoist  in  balance  it  is  necessary  to  take  ore  from  one  level  with  both  skips  unless  the 
Whiting  system  is  used.  When  a  round  rope  winds  off  the  drum  it  makes  an  angle  with  the 
groove  in  the  sheave  on  the  head  frame  and  the  friction  increases  the  tension  in  the  cable  and 
also  reduces  its  life.  To  reduce  the  friction  and  wear  the  hoisting  engines  are  placed  at  a  con- 
siderable distance  back  from  the  head  frame. 

The  head  frame  may  be  placed  so  that  the  sheaves  are  parallel,  as  in  Figs,  i  to  4,  or  so  that 
the  sheaves  are  in  tandem,  as  in  Figs.  5  and  6.  With  the  latter  method  it  is  necessary  to  place 
the  hoisting  engine  farther  from  the  shaft  than  where  the  sheaves  are  in  parallel.  Where  the 
hoisting  engine  is  placed  well  back  from  the  shaft  it  becomes  necessary  to  support  the  hoisting 
rope  on  idlers,  as  shown  in  Fig.  6.  Where  mines  have  three  compartment  shafts,  ore  is  commonly 
hoisted  from  but  two  compartments,  the  third  compartment  being  used  for  pumps,  pipes,  etc. 
This  arrangement  makes  it  necessary  to  place  the  head  sheaves  so  that  they  will  not  be  sym- 
metrical with  the  center  line,  bringing  heavier  working  stresses  on  one  side  of  the  head  frame 
than  on  the  other  side. 

Hoisting  from  Deep  Mines. — In  deep  mines  the  rope  in  the  mine  becomes  a  large  part  of 
the  load  and  various  methods  have  been  used  to  counterbalance  the  weight  of  the  rope.  Four 
methods  for  obviating  the  difficulty  just  mentioned  have  been  used:  (i)  the  Koepe  system; 
(2)  the  Whiting  system;  (3)  modifications  of  (i)  and  (2),  and  (4)  by  the  use  of  a  taper  rope.  These 
methods  are  described  in  the  author's  "The  Design  of  Mine  Structures." 

HOISTING  ROPES. — Round  hoisting  ropes  are  commonly  made  of  six  strands,  each  of 
which  is  formed  by  twisting  nineteen  wires  together,  the  strands  being  wound  around  a  hemp 
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center.  Wire  strands  are  twisted  around  the  core  either  to  the  right  or  the  left,  and  the  resulting 
rope  is  either  "right  lay"  or  "left  lay."  The  twist  may  be  long  or  short;  the  shorter  twist  forms  a 
more  flexible  rope,  while  the  longer  twist  forms  a  more  rigid  rope.  Wire  rope  is  made  of  iron, 
open-hearth  steel,  crucible  steel,  and  plough  steel.  The  strength  of  the  wire  from  which  the 
rope  is  made  is  about  as  follows:  iron  wire,  40,000  to  100,000  lb.  per  sq.  in.;  open-hearth  steel 
wire,  50,000  to  130,000  lb.  per  sq.  in.;  crucible  steel  wire,  130,000  to  190,000  lb.  per  sq.  in.;  and 
plough  steel  wire,  190,000  to  350,000  lb.  per  sq.  in.  Hoisting  ropes  are  usually  made  of  crucible 
cast  steel  or  plough  steel. 

Flat  wire  rope  is  composed  of  several  round  ropes  whose  diameter  is  equal  to  the  required 
thickness  of  the  fiat  rope,  laid  side  by  side  and  sewed  together  with  iron  or  annealed  cast  steel 
wire.  The  round  ropes  are  alternately  of  right  and  left  lay  or  twist,  have  four  strands  without 
either  hemp  or  wire  center.  The  number  of  wires  in  each  strand  is  usually  seven,  but  may  be 
nineteen.  The  chief  drawbacks  to  the  use  of  flat  wire  rope  are  its  first  cost  and  the  rapid  wear 
of  the  sewing  wires. 

Flat  ropes  and  reels  are  used  to  a  limited  extent  in  the  western  part  of  the  United  States,  while 
round  ropes  are  generally  used  in  hoisting  coal  and  in  the  deep  copper  and  iron  mines  in  Michigan. 

Strength  of  Wire  Rope. — ^The  dimensions,  wieight  and  strength  of  round  crucible  steel  hoisting 
rope  are  given  in  Table  I,  while  similar  data  for  plough  steel  hoisting  rope  are  given  in  Table  H. 
The  strengths  of  wire  rope  given  by  the  different  makers  differ  somewhat. 


TABLE  L 

Cast  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strength  and  Weight  or 

Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires 

TO  THE  Strand. 


Diameter, 
In. 


Approziinate 

Cixcumference, 

In. 


Weight  per 
FULb. 


Safe  Working 

Load,  for  Hoist 

ing.L.  Lb. 


Approximate  Break- 
ing Strew.  Lb. 


Safe  Working 

Stress  for  Dtrea 

Pun.  5.  Lb. 


Minimum  Sixe 
of  Dram  or 
Sheave.  Ft. 
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1 1.9s 
9.85 

8.CO 
6.30 
4.8s 

4.IS 
355 
3.00 

2.45 
2.00 

1.58 
1.20 
0.89 
a62 
0.50 

0.39 
0.30 
0.22 
0.15 
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456,000 
380,000 
312,000 
248,000 
192,000 

168,000 
144,000 
124,000 
100,000 
84,000 

68,000 
52,000 
38,800 
27,200 
22,000 

17,600 
13,600 
10,000 
6,800 
4,800 


76,000 
66,300 
52,000 
41,300 
32,000 

28,000 
24,000 
20,700 
16,700 
14,000 

11,300 

8,700 
6,300 
4.50) 
3,700 

2,900 
2,300 
1,670 
1,170 
800 


10 

9i 
8J 
8 
7l 


i 


I! 


Woridng  Loftd  on  Hoteting  Rope.— The  stresses  in  a  hoisting  rope  are  the  sum  of  the  stresses 
due  to  (i)  the  weight  of  the  rope,  (2)  the  friction  of  the  rope,  (3)  the  bending  of  the  rope  over  the 
head  sheave,  (4)  the  live  load,  and  (5)  the  impact  due  to  starting  and  stopinng  the  load.  The 
stresses  due  to  bending  are  discussed  in  the  next  section.  The  stresses  due  to  impact  vary  from 
zero  to  twice  the  working  load  if  the  hoisting  cable  is  taut,  and  to  several  times  the  worldng  load 
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TABLE  IL 

PLOUGH  Stbbl  Hoisting  Ropb.    Ulthiatb  Strength^  Working  Strength  and  Weight  of 

Wise  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires 

TO  THE  Strand. 


ZXameter,  In. 


2 


I 

i 
I 


AppraziJiiate 
Circumfer- 
ence, In. 


8i 

7 
I 

5 
5, 


2 
If 


Weight 
per  Ft.,  Lb. 


11.95 
9.8s 
8.00 
6.30 
4.8s 

4.IS 
355 
3.00 

2.00 

1.58 
1.20 
0.89 
0.62 
0.50 

0.39 
0.30 
0.22 
0.15 
o.io 


SafeWorUns 

Load  for 

Hoiscing.L. 

Ld. 


£ 

I 

I 


^ 


Api»oxiinate 
Breaking 
StreM.Lb. 


550,000 
458,000 
372,000 
280,000 
224,000 

i83,ooo 
164,000 
144,000 
116,000 
94,000 

76,000 
58,000 
46,000 
31,000 
24,600 

20,000 

16,000 

11,500 

7,600 

5,300 


Safe  Working 

Strenfor 

Direct  Pull. 

5.  Lb. 


91,700 
76,300 
62,000 
47,700 
37,300 

31,300 
27,300 
24,000 
19,300 
15,700 

12,700 
9,700 
7,700 
5,170 
4,100 

3,300 

2,700 

.  1,900 

1,270 

890 


Minimum 
Size  of  Drum 
or  Sheave,  Ft. 


II 

9? 
8i 

7f 

k 
6 

5 

4} 
4, 
3i 

2f 
2} 

2 
if 

If 
l} 

I 


TABLE  IIL 

Cast  Steel  Flat  Hoisting  Rope.    Ultimate  Strength,  Working  Stress  and  Weight  of 

Flat  Wire  Rope  Composed  of  4  Strands,  7  Wires  to  the  Strand. 


width  and 

Weight  in  Lb. 
per  Unnl  Foot. 

Safe  Working 
Load  for 

Approximate 

Breaking 

StnM.Lb. 

Safe  Working 
StieaaforDi' 

Approximate  Diame- 
ter in  Inchea  of  Round 

Thicknaa,  In. 

HoiaUng.  L, 

«ectPuU.5. 

CaatSted  Rope  of 

Lb. 

Lb. 

Equal  Strength. 

X5l 

3.90 

110,000 

18,300 

xx 

• 

^5, 

3.40 

100,000 

16,700 

ij 

X4* 

3.12 

94,000 
86,000 

15,700 

lA 

^^ 

2.86 

14,300 

If 

1X3I 

2.50 

Kf  1 

76,000 

12,700 

I 

1X3 

2.00 

*p  « 

60,000 

10,000 

u 

tX2j 

1X2 

1.86 

J  Sf 

56,000 

9,300 

1.19 

36,000 

6,000 

. 

\^l 

5.90 

178,000 

29,700 

It 

• 

X6 

5.10 

154.000 

2S,7oo 

X  V 

' 

X5l 

4.82 

•  •s'ia 

144,000 

24,000 

■ 

^5, 

4-27 

^r 

128,000 

21,300 

kX4l 

4.00 

1 

120,000 

20,000 

lA 

t^^ 

3-30 

100,000 

16,700 

If 

X3* 

2.97 

90,000 

15,000 

li 

JX3 

2.38 

72,000 

12,000 

344  STEEL  HEAD  FRAMES  AND  COAL  TIPPLES.  Chap.  X. 

if  the  cable  is  slack.  If  a  descending  cage  should  stick  and  then  drop,  the  stress  will  be  equal 
to  the  kinetic  energy  developed  and  will  be  very  large.  The  load  due  to  starting  a  cage  suddenly 
from  the  bottom  of  a  shaft  may  be  taken  as 

K--2W  +  R  +  F  (0 

where  K  »  stress  in  lb.  at  the  sheave  at  the  instant  of  picking  up  the  load; 
W  »  gross  load  in  lb.; 
R  =  weight  of  rope  in  lb.; 

F  «  friction  in  lb.,  =  (W  -{•  R)f,  where  /  =  coefficient  of  friction,  which  may  be  taken 

at  o.oi  to  0.02  for  vertical  shafts  and  from  0.02  to  0.04  for  inclined  shafts  with  the  rope  supported 

on  rollers.    The  working  load  should  not  be  greater  than  K  plus  the  stress  due  to  bending,  and 

A  should  not  exceed  1  of  the  ultimate  strength  of  the  rope,  or  i  of  the  ultimate  strength  for  direct  pull. 

For  inclined  shafts  with  angle  of  inclination  with  horizontal  =  9,  the  stress  in  the  rope  due 

to  starting  the  cage  ia 

K'  =  (2W  4-  R)  sin  e  +f(W  +  R)cose  (2) 

Bending  Stresses  in  Wire  Rc^e. — ^The  stresses  due  to  bending  will  depend  upon  the  diameter 
of  the  rope,  the  make-up  of  the  rope,  the  angle  through  which  the  rope  is  bent,  and  the  diameter 
of  the  sheave.  The  unit  stress  due  to  bending  in  a  round  hoisting  rope  may  be  obtained  from 
formula  (3),  the  form  of  which  is  due  to  Rankine  ("  Machinery  and  Mill  Work,"  p.  533). 

5  =  1,894,000^  C3) 

where  D  »  the  diameter  of  the  sheaves  in  inches,  and  d  »  the  diameter  of  the  rope  in  inches. 
The  area  of  the  steel  in  a  round  hoisting  rope  is  approximately  a  «  0.41^',  and  the  total  bending 
stress  in  a  round  rope  wiH  be 

5k  =  5-a  =  757.600  ^  (4) 

Now  the  direct  breaking  strength  of  a  crucible  steel  round  rope  is  closely 

U  -  6o,ooorf«  (5) 

Where  bending  stress  is  considered,  the  safe  working  load  should  not  exceed  i  of  the  ultimate 
strength,  and  the  safe  working  load,  L,  should  not  exceed 

L  «  20,oood»  -  757.600  5  (6) 

The  safe  working  loads  for  crucible  steel  round  ropes  based  on  formula  (6)  are  given  in  Fig.  7.^ 
For  plough  steel  ropes  the  ultimate  strength  is  1/  «  70,000^",  and 

L  «  26.700<P  -  757.600^  (60 

Mr.  William  Hewitt  in  "Wire  Rope,"  published  by  the  Trenton  Iron  Company,  gives  the 
following  formula  for  bending.f 

A.-^i-  (7) 

1.03  j+C 

where  E  -  the  modulus  of  elasticity  of  steel,  a  -  the  area  of  the  rope  in  sq.  in.,  D  -  the  diameter 
of  the  sheave  in  inches,  d'  »  the  diameter  of  the  individual  wires  in  inches,  and  C  »  a  constant 

^  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Sederfaolm,  Chief  Engineer,  Allis-Chalmers 
Company. 

t  Also  see  Engineering  News,  May  7,  1896. 
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Fig.  7.    Safe  Working  Stresses,  L,  in  Crucible  Steel,  Round  Hoisting  Rope. 

depending  upon  the  rope,  and  varies  from  9.27  for  haulage  rope  to  27.81  for  tiller  rope.    For 
standard  hoisting  rope,  C  «  15.45.    Substituting  E  >=  29,000,000, 


'  0.4  <P,  and  d'  =  — ,  we  have 
*5 


75o,oood» 
D  -d 


(8) 


Since  d  Is  very  small  as  compared  with  the  values  of  D  used  in  hoisting,  formulas  (4)  and  (8) 
give  practically  the  same  results. 
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The  bending  stresses  in  crucible  steel  flat  ropes  are  given  in  Fig.  8. 

Cages  and  Skips. — ^For  details  of  cages  and  skips,  see  the  author's  "The  Dengn  of  Mine 
Structures." 


i6fiOO 


50         36 


4Z        4S        54        60        66 
Diameter  of  Heel H(/b3  in  Iache3 


Fig.  8.    Safe  Working  Stssssbs,  L»  in  Cruoblb  Stbbl,  Flat  Hoisting  Ropb. 

Sheaves  and  Safety  Hooks. — ^For  details  and  data  on  sheaves,  safety  hooks,  etc.,  see  the 
author's  "The  I>e8ign  of  Mine  Structures." 

SXAMPIBS  OP  STBBL  HBAD  FRAMBS.— The  detail  plans  for  three  steel  head  frames 
taken  from  the  author's  "The  Design  of  Mine  Structuics"  are  excellent  examples  of  steel  head 
frames.    Data  on  i6  steel  head  frames  axe  given  in  Table  V. 
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Head  Frame  for  the  Diamond  Mine. — ^The  details  of  the  steel  head  frame  of  the 
Diamond  mine  are  shown  in  Fig.  9.  The  Diamond  head  frame  is  100  ft.  high  from  the  collar 
of  the  shaft  to  the  center  of  the  sheaves.  The  shaft  is  2,800  ft.  deep.  The  sheaves  are  10  ft. 
in  diameter  and  carry  a  7  in.  X  i  in.  flat  rope.  The  ore  is  hoisted  in  self-dumping  skips  with  a 
capacity  of  7  tons  and  weighing  3)  tons,  and  is  dumped  into  hoppers  from  which  it  is  run  directly 
into  cars  which  pass  beneath  the  head  frame.    The  main  front  columns  and  back  braces  are 


^ 

..*^ 


\   \  I 


k^"^'^W"^ 


.,.L_L -LI 


3mEi£V/fTWM 


i -38'-0'- A 

feONT  ELEVflT/ON 


Fig.  9.    Steel  Head  Frame  for  Diamond  Mine,  Buh-t  by  the  Gillette-Herzog  Mfg.  Co. 

made  of  built-up  sections  consisting  of  one  cover  plate  20  in.  X  A  in^  two  plates  18  in.  X  A  ^n., 
4  angles  3)  in.  X  3i  in.  X  \  in.,  with  lacing  bars  on  the  inner  side  4  in.  X  i  in.  The  main  diagonal 
bracing  b  made  of  two  channels  laced.  The  total  weight  of  the  structural  steel  in  the  head  frame 
proper  was  292,000  lb.,  while  the  steel  work  in  the  bins  weighed  26,000  lb.  At  40  cts.  per  hour 
the  cost  of  shop  labor  on  the  structural  steel  was  1.09  cts.  per  lb.  The  cost  of  erection,  everything 
being  riveted,  was  $11.20  per  ton. 

Steel  Head  Frame  for  the  New  Leonard  Mine. — ^The  steel  head  frame  shown  in  Fig.  10  was 
built  by  the  American  Bridge  Company  for  the  New  Leonard  mine  of  the  Boston  &  Montana 
Copper  Company,  Butte,  Montana.    The  head  frame  is  of  the  A-type,  and  is  140  ft.  high  from 
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the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  mine  has  a  four  compartment  shaft,  two 
of  the  compartments  being  used  for  hoisting  ore.  The  mine  is  now  1,697  ft.  deep,  but  the  head 
frame  was  designed  for  an  ultimate  depth  of  3,500  ft.  The  ore  is  hoisted  in  five-ton  self-dumping 
skips  with  a  single  deck  cage  above  the  skip.  The  skips  weigh  7,500  lb.  each.  Four-deck  cages 
are  used  for  hoisting  men.  The  hoisting  rope  is  1}  in.  in  diameter,  a  round  hoisting  rope  being 
an  innovation  in  the  Butte  district.  The  rate  of  hoisting  is  2,800  ft.  per  minute.  The  skip  ore 
bins  have  a  capacity  of  150  tons.  From  the  skip  ore  bins  the  ore  runs  into  railroad  ore  bins  (not 
shown  in  Fig.  14),  26  ft.  9  in.  wide  by  150  ft.  long,  with  a  capacity  of  1,500  tons.  The  sheaves  are 
12  ft.  in  diameter,  and  are  placed  5  ft.  10  in.,  center  to  center. 

The  main  posts  are  made  of  two  channels  X2  in.  ®  20}  lb.,  with  a  cover  plate  16  in.  wide 
and  -f^  in.  and  }  in.  thick,  with  lacing  on  the  inner  side.  The  back  braces  for  the  lower  two 
panels  are  made  of  channels  12  in.  ®  30  lb.,  with  a  plate  16  in.  X  I  in.;  the  third  section  is  made 
of  two  channels  12  in.  ®  30  lb.,  with  a  plate  16  in.  X  A  in.,  while  the  two  upper  sections  are 
made  of  channels  12  in.  @  20)  lb.,  laced  on  both  sides.  The  main  struts  and  diagonal  braces  are 
made  of  two  channels,  with  battens  top  and  bottom.  The  skip  guides  are  made  of  two  channels 
12  in.  ®  2oi  lb.  The  main  girder  at  the  top  of  the  back  brace  consists  of  one  plate  36  in.  X  }  in.,  and 
four  angles  4in.X4in.Xlin.  The  skip  bins  are  supported  on  columns  made  of  two  channels 
10  in.  @  15  lb.,  laced  on  both  sides.  Where  two  channels  are  used  for  a  section,  the  flanges  are 
turned  out.  The  New  Leonard  head  frame  is  one  of  the  highest  in  the  country,  and  is  one  of  the 
best  designed  frames  that  has  been  constructed.  The  shipping  weight  of  the  structural  steel  in 
this  head  frame  was  346,425  lb. 

Tonopah-Bebnont  Steel  Head  Frame. — ^The  Belmont  shaft  of  the  Tonopah-Belmont  Mining 
Co.,  Tonopah,  Nevada,  is  at  present  1,420  ft.  deep.  It  has  three  compartments,  one  for  the 
ladder-way  and  pipes  and  two  for  hoisting.  Double-deck  cages  of  the  Leadville  type  are  used 
for  hoisting,  but  the  use  of  skips  is  contemplated  later.  The  head  frame,  Fig.  1 1,  is  of  the  A-type, 
and  the  height  is  75  ft.  from  the  base  to  the  center  of  the  sheaves.  The  hoisting  drum  is  placed 
100  ft.  from  the  center  of  the  shaft. 

TABLE  IV. 

Estimate  of  Weight  of  75-FT.  Steel  Head  Frame,  Tonopah-Belmont  Mining  Co. 


Member. 

Weight  in  Lb. 

Tolal  Weight, 
Lb. 

Details  in 
Per  Cent  of 

Main  Members. 

Details. 

Back  braces 

9,170 
3.590 
5,446 
2,936 
1,790 
2,627 

1^ 

4,150 
a,790 
1,250 
2,582 
440 
1,015 

*,I79 
613 

2,279 
414 

13,320 

is 

5,518 
2,230 
3,642 
5,442 
2,079 
10,344 
7.087 

43 
77 

11 

25 
6 

Front  posts 

Girders 

Diaphragms 

Channels 

Angle  struts 

Channel  struts 

Stringers 

Anffle  bracine 

Total 

45,026 

17,712 

62,738 

394 

The  sheave  wheels  are  of  the  bicycle  pattern  with  a  diameter  of  84  in.  at  the  center  of  the 
rope  groove,  and  an  over  all  diameter  of  91  in.  Each  wheel  has  16  spokes  of  li  in.  rolled  iron 
rods.  The  spokes  are  cast  at  their  inner  ends  into  two  rings  16  in.  in  diameter  and  3  in.  wide, 
so  that  they  form  integral  parts  of  the  hub,  which  is  12  in.  in  diameter  and  16  in.  long,  whOe  the 
outer  ends  are  cast  into  bosses  on  the  inside  of  the  ring.  The  rolled  steel  shafts  are  16  in.  in 
diameter  at  the  central  portion  with  bearings  5  in.  in  diameter,  and  are  12  in.  long.  The  rope 
grooves  are  turned  in  hard  maple  blocks  fastened  in  a  recess  in  the  rim.  The  total  weight  of 
the  sheaves  is  2,950  lb.  each. 
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The  head  frame  is  designed  so  as  to  give  a  factor  of  safety  of  8  when  there  is  on  each  sheave 
a  load  of  100,000  lb.  The  head  frame  is  sufHciently  strong  and  rigid  to  permit  of  hoisting  loads 
of  7  tons  from  a  depth  of  2,000  ft.  at  a  speed  of  1,000  ft.  per  minute  without  appreciable  vibration 
during  the  most  severe  period  of  starting  and  acceleration. 


TABLE  V. 
Data  on  Steel  Head  Frames. 


x6 


DeKfiptkn. 


Sibley  Mine,  Ely,  Minn.. 


High  Ore,  Butte,  Mont.. 
Diamond,  Butte,  Mont.. 
New  Leonard,  Butte, 
Mont. 


Inland  Steel  Co.,  Hibbing, 

Minn 

Elkton,  Elkton,  Cob 


Qa.  Minera  de  Penoles, 

Bermejillo,  Mez 

Tonopah-Belmont,  Tono- 

pah,  Ncv 

Copper  Queen,  Bisbee, 

Ariz 

Union  Shaft, Virginia,  Nev. 
Speculator,  Butte,  Mont.. 
Basin  &  Bay  Sute,  Basin, 

Mont. 

Steward,  Butte,  Mont.. . 
Anaconda,  Butte,  Mont.  . 
Quincv  Rock  House,  No. 

2,  Hancock,  Mich. 


St.  Lawrence,  Butte,Mont. 


726 

(de- 
signed 

for 
2,000) 
2,800 
2,800 

(de- 
signed 

for 
3,500) 

225 


1,000 

1420 

1,700 
2,000 


MOO 

6,000 
(in- 
clined 

ST) 
3,100 


Q 


140-0 


lOO-O 
100-0 

140-0 


76-0 
55-0 


90-0 

7S-0 
60-0 


50-0 
50-0 

70-0 
55-0 
58-8 

"9-3 


97-0 


12-0 


lo-o 

lO-O 


12-0 


6-0 
5-0 


r-o 

7-0 

7-0 
7-0 
7-0 

lO-O 

r-0 
10-0 

12-0 


lO-O 


If 


7X1 
7X1 

li 


li 
3JXf 


li 

I 

ij 

7X1 

li 


7X1 
li 

7X1 


Skips 


Skips 
Skips 

Skips 


Skips 


Skips 


Skips 

Skips 

Skips 
Skips 
Skips 

Skips 


Skips 


Weight  of 


Skip. 
Lb. 


5,000 


7,000 
7,000 

7,500 


3,700 


5,000 


5,990 


7^000 
10,000 

7,000 


Cage, 

Lb. 


5d 


3,500  14,000 


14,000 
14,000 


1,200 


10,000 


6,700 
15,200 
work- 
ing 

load 

10,000 


3,700 
2400 


168 
cu.  ft. 


14,0001,000 


Rate  of 
Hoistiiig. 


Ft. 
Vtr 
Min. 


2^000 


1,000 
1,000 

2,800 


1,000 
1,000 


10,000 
14,000 1,000 1 


Tods 
iSTy. 


1,200 

1,200 


2^000 
500 


,200 
2,400 

1,200 


576,663 


292,000 
318,000 

346,4*5 


79,000 


80,000 

63,000 

35,«50 
42,000 
42,200 

79,000 
45.000 
74,700 

839,000 


117,000 


The  head  frame  was  built  by  the  Koken  Iron  Works,  St.  Louis,  Mo.,  was  made  of  structural 
steel  furnished  under  standard  specifications,  and  was  fully  riveted  up  in  place  with  pneumatic 
hammers.    The  shipping  weight  of  the  structural  steel  was  63.000  lb. 

The  hoist  is  placed  100  ft.  from  the  shaft,  and  is  a  Wellman-Seaver-Morgan  double  drum 
electric  hoist  with  drums  having  64*  in.  diameter  and  a  face  36  in.  wide  between  flanges.  The 
hoist  is  designed  to  operate  in  or  out  of  balance  and  is  capable  of  handling  a  load  of  13,000  lb. 
at  a  speed  of  x.ooo  ft.  per  minute.  The  hoisting  rope  is  a  six  strand,  nineteen  wire,  plow-steel 
rope,  I  in.  in  diameter,  that  weighs  1.58  lb.  per  ft.,  and  each  rope  is  1,700  ft.  long.    The  dtametrr 
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of  the  drum  at  the  hoist  is  64  iiL,  but  the  rope  winds  twice  around  the  drum,  so  that  the  diameter 
is  66  in.  near  the  end  of  the  lift.  With  proper  allowance  for  bending  stresses  the  working  stresses 
under  the  most  severe  conditions  do  not  exceed  the  working  load  of  7.6  tons  as  ffytn  by  the  manu- 
facturers of  the  wire  rope. 

Estimate  of  Weiglit  of  a  Steel  Head  Fhune.— A  summary  of  a  detailed  estimate  of  the  75  ft. 
steel  head  frame  built  by  the  American  Bridge  Company  at  Tonopah,  Nev.,  is  (given  in  Table  IV. 
The  details  are  39.4  per  cent  of  the  wdght  of  the  main  members.  The  rivet  heads  are  4.x  per  cent 
of  the  weight  of  the  structure. 

For  additional  examples  of  steel  head  frames,  see  the  author's  "The  Design  of  Mine  Struc- 
tures." 

COAL  TIPPLES. — ^The  design  of  a  coal  tipple  depends  upon  the  quality  of  the  coal,  upon 
whether  the  coal  is  hoisted  from  the  shaft  or  is  taken  from  a  drift  or  tunnel,  and  upon  the  work 
that  it  is  necessary  to  do  in  order  to  prepare  the  coal  for  the  market.  The  coal  tipple  for  a  bitumi- 
nous mine  in  which  the  coal  is  hoisted  from  a  shaft,  consists  of  a  head  frame  and  a  shaker  structure 
or  tipple  proper  where  the  coal  is  weighed  and  screened.  A  coal  tipple  for  an  anthracite  mine 
ordinarily  consists  of  a  head  frame  with  storage  bins  into  which  the  coal  is  run  without  crushing 
or  screening;  the  coal  beii^  prepared  for  market  in  a  separate  breaker  building.  Where  bituminous 
coal  is  dirty  or  contains  a  large  amount  of  refuse  material  it  is  sometimes  cleaned  in  a  washer 
building,  or  b  broken,  sized  and  cleaned  in  a  coal  breaker. 

With  a  double  compartment  shaft  the  shaking  structure,  or  tipple  proper,  is  usually  placed 
with  its  axis  at  right  angles  to  the  center  line  of  the  two  compartments.  The  hoisting  ropes 
may  be  either  parallel  to  the  axis  of  the  tipple,  in  which  case  the  head  sheaves  are  parallel;  or 
may  be  placed  at  right  angles  to  the  axis  of  the  tipple,  in  which  case  the  sheaves  are  placed  in 
tandem.  The  coal  may  be  run  through  rotary  screens,  or  over  shaking  screens  as  is  now  the 
common  practice.  Shaking  screens  are  usually  divided  into  sections  and  are  driven  by  eccentrics 
placed  180  degrees  apart.  The  shaking  screens  do  not  ordinarily  we^h  more  than  two  to  three 
tons  empty  or  four  to  six  tons  when  loaded,  but  are  driven  with  a  velocity  of  100  to  150  strokes 
per  minute,  with  a  length  of  stroke  of  from  4  to  12  in.  and  the  shaking  motion  makes  it  necessary 
to  design  the  shaker  structure  with  great  care  in  order  to  reduce  the  vibration.  The  best  modem 
practice  in  the  design  of  coal  tipples  is  to  make  the  head  frame  and  the  tipple,  or  shaker  structure, 
entirely  separate  and  independent  units. 

Sizing  CoaL — ^The  object  in  sizing  coal  is  to  separate  the  dirt  and  slack  from  the  coal,  and 
to  obtain  a  product  that  can  be  burned  more  advantageously  than  unsized  coal.  A  compact 
coal  will  not  admit  the  air  and  will  bum  on  the  surface,  and  it  is  therefore  an  advantage  to  have 
the  lumps  of  approximately  equal  size.  The  sizes  and  names  of  the  different  grades  of  coal  differ 
considerably  in  different  localities. 

Types  of  Coal  Tipples. — Coal  tipples  may  be  classed  under  three  types,  depending  upon  the 
manner  in  which  the  coal  is  brought  to  the  tipple;  (i)  hoisting  in  cages  or  slaps  from  vertical  or 
slightly  inclined  shafts;  (2)  cage  hoisting  on  an  incline  either  from  a  shaft,  or  on  a  bridge,  or  from  a 
tunnel;  (3)  conveyor  hoisting  either  from  the  mine  or  from  a  head  bin  into  which  the  coal  has 
been  dumped  from  cars  or  skips. 

The  design  and  operation  of  coal  tipples  will  be  illustrated  by  describing  three  sted  coal 
tipples,  (i)  Steel  Coal  Tipple  for  the  W.  P.  Rend  Coal  Company— vertical  hoisdng  with  self 
dumping  cages  and  shaking  screens;  (2)  Spring  Valley  No.  5  Steel  Coal  Tipple — vertical  hoisting 
in  cages,  with  Ramsey  transfer  and  shaking  screens;  and  (3)  Phillip's  Coal  Tipple— vertical 
hoisting  with  self  dumping  cages  dumping  into  a  storage  bin. 

Steel  Coal  Tipple  for  W.  P.  Rend  Coal  Compeiiy.— The  steel  coal  tipple  for  the  W.  P.  Rend 
Coal  Company,  Rendville,  111.,  has  the  head  frame  covering  four  tracks,  with  provision  for  four 
extra  tracks  on  the  opposite  side  of  the  center  line  of  the  head  frame.  The  steel  head  frame  is 
79  ft.  6  in.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  sheaves  are  8  ft.  in 
diameter  and  cany  a  il  in.  hoisting  cable. 
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Operation  of  Coal  Tipple. — Detail  plans  of  the  shaking  screens  and  tipple  equipment  are 
shown  in  Fig.  12.  The  coal  is  raised  from  the  mine  in  self  dumping  cages  and  is  dumped  into  two 
weigh  hoppers  having  a  capacity  of  four  tons  each.  From  the  weigh  hoppers  the  coal  passes 
through  a  dump  chute,  and  may  be  run  directly  into  cars  on  the  track  or  may  be  run  over  shaking 
screens.  The  first  section  of  the  shaking  screens  is  29  ft.  9  in.  long,  the  top  deck,  having  a  length 
of  16  ft.,  has  }  in.  round  perforations;  the  middle,  having  a  length  of  18  ft.,  has  2  in.  round  perfora- 
tions, the  bottom  plate  being  solid.  The  upper  deck  of  screens  sloping  toward  the  head  frame 
has  perforations  3}  in.  to  2  in.  round;  the  second  deck  has  perforations  2)  in.  to  3  in.  round;  the 
third  plate  deck  has  perforations  }  in.  round,  the  bottom  deck  being  solid.  The  coal  passing 
over  the  2  in.  and  3}  in.  round  perforations  of  the  main  screen  may  be  run  back  over  the  shaking 
screens  just  described,  or  may  be  run  over  the  second  shaking  screen  27  ft.  4  in.  long  and  8  ft.  wide. 
Thb  shaking  screen  has  a  length  of  8  ft.  with  perforations  6  in.  in  diameter.  By  making  different 
combinations  of  the  screens  different  grades  of  coal  can  be  obtained,  as  is  shown  in  Fig.  12.  The 
shaking  screens  are  carried  on  rollers  12  in.  in  diameter,  which  are  operated  by  eccentric  connecting 
rods  with  a  12  in.  stroke.  These  rollers  give  the  shaking  screens  a  motion  in  two  directions  and 
give  much  more  satisfactory  results  than  the  earlier  method  of  suspending  the  shaking  screens 
from  overhead  supports.    The  capacity  of  the  tipple  is  2,500  tons  in  eight  hours. 

The  tipple  was  designed  and  constructed  by  the  Wisconsin  Bridge  &  Iron  Company,  and 
the  tipple  equipment  was  furnished  by  the  Link- Belt  Company. 

Steel  Coal  Tipple  at  Spring  Valley  Shaft  No.  5. — ^The  steel  coal  tipple  constructed  at  Spring 
Valley  shaft  No.  5,  Spring  Valley,  Illinois,  is  one  of  the  best  examples  of  steel  tipple  construction 
for  bituminous  mines.  The  steel  tipple  building  is  187  ft.  long,  36  ft.  wide  and  35  ft.  from  the 
track  level  to  the  level  part  of  the  main  tipple  floor.  The  steel  head  frame  b  75  ft.  and  85  ft. 
6  in.  from  the  track  level  to  the  centers  of  the  sheaves,  respectively.    The  sheaves  are  10  ft.  in 


'2P'SUxf 


Fig.  14.    Steel  Head  Frame,  Spring  Valley  Coal  Tipple,  Shaft  No.  5. 
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diameter  and  are  placed  tandem  with  the  hoisting  rope,  and  at  right  angles  to  the  axis  of  the 
main  tipple  building.  The  hoisting  rope  is  crucible  steel  i}  in.  in  diameter.  The  steel  tipple 
building  and  head  frame  are  covered  with  No.  i8  galvanized  corrugated  steel  carried  on  steel 
purlins.  Detail  plans  of  the  tipple  structure  are  given  in  Fig.  13  and  of  the  head  frame  in  Fig.  14. 
The  head  frame  and  tipple  building  are  fully  braced  and  make  a  very  rigid  structure.  The  main 
track  floor  of  the  tipple  is  level  over  the  first  five  panels  on  the  left  of  the  structure,  the  remainder 
of  the  floor  having  a  pitch  of  4  in.  in  17  ft.  The  tipple  floor  is  covered  with  4  in.  planking  spiked 
to  4  in.  nailing  strips  which  are  carried  on  I-beam  joists.  The  weight  of  the  structural  steel, 
including  the  corrugated  steel  but  not  including  tipple  equipment,  was  415,530  lb. 


Fig.  15. 


jmm  Pirn 
Plan  of  Tipple  Tracks,  Spring  Valley  No.  5  Coal  Tipple. 


Operation  of  Tipple. — ^The  detail  track  plan  is  shown  in  Fig.  15;  the  operation  of  the  Ramsey 
transfer  is  shown  in  Fig.  16,  and  the  arrangement  of  the  shaking  bar  screens  is  shown  in  Fig.  17. 
Two  coal  cars  containing  i  \  tons  each  are  hoisted  on  the  shaft  cage.  The  loaded  cars  are  pushed 
off  the  cage  and  two  empty  cars  are  pushed  on  the  cage  by  means  of  a  steam  pusher,  as  shown  in 
Fig.  16.  From  the  cage  platform  the  loaded  cars  run  by  gravity  on  a  li  per  cent  grade  to  the 
dumps,  where  the  coal  is  dumped  by  Phillips  automatic  tipples  or  dumps.  After  dumping,  the 
cars  pass  to  the  right  by  gravity  on  the  10  per  cent  descending  grade  and  are  stopped  by  a  2  per 
cent  ascending  grade  and  a  short  piece  of  track.  The  cars  then  return  by  gravity,  and  may  either 
be  switched  to  the  outside  tracks  or  run  back  on  the  transfer  tracks.  The  empty  cars  are  run  on 
the  platform  of  the  Ramsey  transfer  and  are  raised  by  a  steam  cylinder  a  height  of  4  ft.  7  in.  to 
the  level  of  the  floor  of  the  shaft  cage,  and  are  ready  to  be  shoved  on  the  cage  by  the  steam  pusher. 

The  coal  is  dumped  by  the  Phillips  tipple  dumps  into  one  of  two  weigh  hoppers  5  ft.  wide, 
as  shown  in  Fig.  17.  After  the  coal  is  weighed  it  runs  out  of  the  weigh  hopper  on  a  converging 
chute  having  a  slope  of  30  degrees  with  the  horizontaL  From  the  converging  chute  the  coal 
runs  over  shaking  bar  screens  6  ft.  6  in.  wide,  the  bars  being  placed  \  in.  apart.  The  fine  coal 
passing  through  this  screen  runs  over  a  |  in.  shaking  bar  screen  and  is  chuted  into  the  cars.  The 
slack  passing  through  the  |  in.  bar  screen  b  run  directly  into  the  cars.  From  the  }  in.  shaking 
bar  screen  the  lump  coal  passes  through  a  converging  chute  and  over  a  bar  screen  5  ft.  6  in.  wide 
with  the  bars  spaced  5  in.  apart,  from  which  the  lump  coal  b  run  into  cars.  It  will  be  noted  that 
five  grades  of  coal  are  obtained:  mine  run  coal;  lump  coal  passing  over  the  5  in.  screen;  coal  passing 
the  5  in.  screen  and  retained  on  a  { in.  screen;  nut  coal  passing  a  }  in.  screen  and  retained  on  a  |  in. 
screen,  and  slack. 

The  capacity  of  the  coal  tipple  is  from  1,800  to  2,000  tons  per  day.  The  tipple  was  designed 
by  Mr.  W.  Morava,  Consulting  Engineer,  Chicago,  111.,  and  was  built  by  the  American  Bridge 
Company  in  1900. 

Steel  Coal  Tipple  for  the  Phillips  Mine.— The  steel  coal  tipple  at  the  Phillips  mine  of  the 
H.  C.  Frick  Coke  Company  is  an  excellent  example  of  a  modem  coal  tipple  for  handling  bituminous 
coaL     Detail  plans  of  the  coal  tipple  are  shown  in  Fig.  18.    The  steel  head  frame  is  of  the  4-post 
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type,  and  is  107  ft.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  main  tower  of 
the  head  frame  has  six  posts  made  of  4  Z's  3  in.  X  2  H  in.  X  f  in.  with  one  plate  6  in.  X  f  in.  The 
back  braces  consist  of  three  columns  having  the  same  section  as  the  main  posts.  The  head  frame 
is  fully  cross-braced  with  angle  struts,  as  shown  in  Fig.  22.  The  batter  of  the  main  tower  columns 
is  I  in.  in  12  in.,  while  the  back  brace  makes  an  angle  of  30  degrees  with  the  vertical.  The  sheaves 
are  10  ft.  in  diameter  and  are  supported  on  I-beams,  resting  at  the  end  nearest  the  engine  house 
on  a  built-up  frame  of  angles  and  plates  carried  on  two  15  in.  I-beams,  so  as  to  make  the  necessary 
clearance  for  the  sheaves.  The  roof  trusses  above  the  sheaves  carry  two  I-beams,  on  the  lower 
flanges  of  which  are  trolleys  arranged  for  the  attachment  of  chain  blocks  for  placing  and  re- 
placing the  sheaves.  The  shipping  weight  of  structural  steel,  including  the  corrugated  steel,  was 
569,500  lb. 

TABLE  VI. 
Data  on  Steel  Coal  Tipples. 
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The  coal  is  hoisted  in  self-dumping  cages  which  dump  the  coal  into  distributing  chutes,  in 
which  it  runs  by  gravity  to  the  bins  having  a  capacity  of  800  tons.  The  coal,  being  all  used  for 
making  coke,  is  not  screened  or  weighed. 

The  storage  bins  are  built  with  a  steel  framework  and  are  lined  with  }  in.  buckle  plates  on 
the  sides,  and  have  a  f  in.  plate  floor.  The  sides  are  supported  by  the  15  in.  I-beams  ®  42  lb., 
spaced  3  ft.  5}  in.  center  to  center.  The  inclined  bottom  framing  consists  of  girders  having  48 
in.  X  i  in.  web  plates  and  flanges  composed  of  two  angles  6  in.  X  6  in.  X  1^  in.,  and  are  tied  together 
with  ties  consisting  of  two  angles  8  in.  X  8  in.  X  i  in.  and  one  plate  17  in.  X  }  in.  at  the  bottom, 
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and  15  in.  I-beams  @  42  lb.  at  the  top,  the  girders  being  spaced  3  ft.  5i  in.  center  to  center.  The 
main  side  girders  are  composed  of  two  I-beams  15  in.  @  42  lb.,  and  one  channel  15  in.  ®  33  lb. 
The  f  in.  plate  floor  is  carried  on  12  in.  I-beams  spaced  about  i  ft.  6  in.  centers.  The  steel  plate 
floor  is  placed  at  a  slope  of  8  in.  in  12  in.,  and  it  is  stated  that  95  per  cent  of  the  coal  can  be  with- 
drawn from  the  bin.  The  bins  discharge  through  vertical  gates  in  the  sides  into  motor-driven 
larries,  which  run  to  the  coke  ovens.  The  vertical  gates  are  raised  by  rack  and  pinion  and  chain 
wheels. 

Data  on  ten  steel  coal  tipples  are  given  in  Table  VI.  For  additional  examples  and  data  on 
steel  coal  tipples,  see  the  author's  ''The  Design  of  Mine  Structures." 

SPECIFICATIONS  FOR  STEEL  HEAD  FRAMES  AND  COAL  TIPPLES,  WASHERS 

AND   BREAKERS.* 

PART  II. 

BY 

MILO  S.  KETCHUM, 
M.  Am.  Soc.  C.  E. 

1912 

GENERAL  DESCRIPTION. 

198.  Tfpes  of  Stmctore. — ^The  structure  shall  be  of  a  type  that  will  give  maximum  rigidity 
and  strength.  The  structure  shall  be  of  a  type  in  which  the  stresses  can  be  calculated  either  by 
statics  or  by  taking  into  account  the  deformations  of  the  members. 

199.  Bracing. — ^AIl  bracing  shall  be  stiff,  and  shall  be  riveted  together  at  all  intersections  to 
give  maximum  rigidity. 

200.  Proposals.— -Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  giving  sizes  of  material,  and  such  detail  plans  as  will 
clearly  show  the  dimensions  of  the  parts,  modes  of  construction  and  sectional  areas. 

201.  Detail  Plans. — ^The  successful  contractor  shall  furnish  all  working  drawings  required 
by  the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  possible,  be  made  on  standard 
size  sheets  24  in.  X  j6  in.  out  to  out,  22  in.  X  34  in.  inside  the  inner  border  lines. 

202.  i^proval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  are  approved  in  writing  by  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

Loads. 

203.  The  structures  shall  be  designed  to  carry  the  following  loads  without  exceeding  the 
permissible  unit  stresses. 

204.  Dead  Loads. — ^The  dead  loads  shall  consist  of  the  weight  of  the  head  sheaves,  sheaves, 
blocks  and  girders,  the  weight  of  the  structure,  and  all  concentrated  machinery  and  equipment 
loads. 

205.  Working  Loads. — ^The  working  loads  on  head  frames  for  vertical  shafts  shall  be  taken 
as  equal  to 

K^2W  +  R  +  (W  +  R)f  (I)  . 

where  K  =  the  working  stress  in  lb.  at  the  head  sheave  at  the  instant  of  picking  up  the  load; 
W  =  the  gross  load  of  the  cage  or  skip  and  the  load  of  ore  or  coal  in  lb. ;  i?  =  the  weight  of  the 
rope  from  the  head  sheaves  to  the  bottom  of  the  shaft  in  lb.;  and/  =  coefficient  of  friction  of  the 
rope,  skip  and  sheaves,  which  may  be  taken  at  0.0 1  to  0.02  for  vertical  shafts  and  0.02  to  0.04  for 
inclined  shafts  with  ropes  supported  on  rollers. 

206.  For  inclined  shafts  the  working  load  shall  be  taken  as 

K'  -  (2 W  -h  -R)  sin  9+  f(W  +R)  cos  B  (2) 

where  B  »  the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

♦  From  Specifications  for  Steel  Mine  Structures  as  printed  in  the  author's  "The  Design  of 
Mine  Structures."     Part  I  is  "Specifications  for  Steel  Frame  Buildings"  as  printed  in  Chapter  I. 
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207.  Breaking  Load. — ^The  head  frame  shall  be  designed  for  a  load  in  one  or  all  of  the  hoisting 
ropes  equal  to  the  breaking  stress  of  the  hoisting  rope  as  given  in  the  manufacturer's  catalog. 

208.  Machinery  Loads. — ^The  stresses  due  to  machinery,  crushers,  tipple  equipment,  etc., 
shall  be  considered  the  same  as  the  stresses  due  the  working  or  live  load. 

200.  Wind  Loads. — ^Where  the  head  frame  or  tipple  is  enclosed  the  wind  load  shall  be  assumed 
as  30  lb.  per  sq.  ft.  of  exposed  surface  acting  horizontally.  Where  the  framework  is  open  the 
wind  load  shall  be  taken  as  50  lb.  per  sq.  ft.  acting  on  the  projection  of  the  members  of  the  head 
frame  or  tipple.  In  calculating  the  stresses  due  to  wind,  the  wind  loads  may  be  assumed  as 
applied  at  the  joints  of  the  structure.  Where  one  side  of  the  structure  is  open  so  that  a  deep  cup 
or  pocket  is  formed  the  wind  load  shall  be  taken  as  not  less  than  60  lb.  per  sq.  ft.  on  the  projection 
of  the  cup-like  surface. 

210.  Snow  Loads. — ^Snow  loads  shall  be  taken  the  same  as  for  steel  frame  buildings. 

Allowable  Unit  Stresses. 

211^  Steel  head  frames,  coal  tipples,  coal  washers  and  breakers,  and  similar  structures  shall 
be  designed  for  the  following  allowable  stresses. 

212.  Dead  Load  Stresses. — ^The  allowable  unit  stresses  for  dead  loads  shall  be  the  same  as 
for  steel  frame  buildings  given  in  "Specifications  for  Steel  Frame  Buildings."  Snow  loads  shall 
be  considered  as  dead  loads. 

213.  Working  Load  Stresses. — ^The  allowable  unit  stresses  for  working  loads  shall  be  one-half 
the  allowable  unit  stresses  for  dead  load  stresses  as  given  in  "Specifications  for  Steel  Frame 
Buildings." 

214.  Bins. — Bins  shall  be  designed  for  two  thirds  the  allowable  unit  stresses  for  dead  load 
stresses  as  given  in  "  Specifications  for  Steel  Frame  Buildings." 

215.  Breaking  Load  Stresses. — ^The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  breaking  one  or  all  the  hoisting  ropes  shall  be  equal  to  the  allowable  unit  stresses  for  dead  load 
stresses,  plus  50  per  cent,  equal  to  three  times  the  allowable  unit  stresses  for  working  loads.  The 
breaking  loads  and  working  loads  for  any  shaft  compartment  or  machine  need  not  be  assumed 
as  acting  together. 

216.  Machinery  Load  Stresses. — ^The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  machinery  and  moving  loads  shall  be  the  same  as  the  allowable  unit  stresses  for  working  loads, 
equal  to  one  half  the  allowable  unit  stresses  for  dead  load  stresses. 

217.  Wind  Load  Stresses. — ^The  allowable  unit  stresses  when  the  wind  load  stress  is  com- 
bined with  the  dead  load  stress  plus  twice  the  working  load  and  machinery  load  stresses  shall  not 
exceed  the  allowable  unit  stresses  for  dead  loads  by  more  than  25  per  cent.  If  the  sum  of  the 
wind  load  unit  stress,  the  dead  load  unit  stress,  and  twice  the  workmg  load  and  machinery  load 
unit  stresses  exceed  the  allowable  unit  stress  for  dead  loads  by  more  than  25  per  cent  the  area  of 
the  section  shall  be  increased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit.  Wind 
load  stresses  need  not  be  combined  with  breaking  load  stresses. 

2i8.  Reversal  of  Stress.— Members  subject  to  a  reversal  of  stress  due  to  a  combination  of 
dead  load  stresses  and  working  load  stresses  shall  be  designed  to  take  both  tension  and  com- 
pression, each  stress  being  increased  by  one  half  the  smaller  of  the  two  stresses.  Members  subject 
to  a  reversal  of  stress  due  to  wind  stress  combined  with  dead  load  stresses  and  working  load 
stresses,  or  breaking  load  stresses  combined  with  dead  load  stresses  shall  be  designed  to  cany 
both  stresses. 

Equipment. 

219.  Skips  and  Cages. — Skips  and  cages  shall  be  made  of  structural  steel,  as  shown  on  the 
detail  drawings.  They  shall  be  provided  with  guide  shoes  and  safety  devices.  For  inclined 
shafts  the  wheels  shall  have  phosphor  bronze  bushings. 

220.  Safety  Detaching  Hooks. — ^All  skips  and  cages  shall  be  provided  with  effective  detaching 
hooks.  The  case  shall  be  designed  to  take  the  stress  due  to  a  loaded  cage  or  skip  dropping  a 
vertical  distance  of  two  feet. 

221.  Bin  Gates.— Unless  otherwise  specified  all  bin  gates  shall  be  of  the  undercut  type. 
All  gates  shall  be  equipped  with  operating  mechanism  so  that  they  can  be  opened  in  service  by 
one  man. 

222.  Screens. — Fixed  screens  shall  be  made  of  bars  as  shown  on  the  drawings  and  shall  be 
supported  so  that  the  bars  will  not  be  permanently  deflected  under  the  load.  The  screen  bars 
shall  be  placed  at  an  angle  so  that  they  will  screen  the  ore  or  coal  without  choking  up. 

223.  Shaking  screens  shall  be  carried  on  rollers  and  be  driven  by  eccentric  connecting  bars. 
They  shall  be  placed  at  proper  slopes,  and  shall  be  provided  with  all  necessary  gates.  Unless 
otherwise  specified  the  screens  shall  be  made  of  structural  steel. 

224.  Rotary  screens  shall  be  made  of  structural  and  machinery  steel,  and  shall  perform  the 
work  required  by  the  specifications. 
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225.  Coal  Tipples  or  Di]mps.-^oal  tipples  or  dumps  shall  be  provided  as  shown  on  the  detail 
plans  or  called  for  in  the  specifications. 

226.  Dumping  Devices. — ^Where  self -dumping  skips  or  cages  are  used  an  efficient  and  satis- 
factory dumping  device  shall  be  provided. 

227.  Head  Sheaves. — ^The  head  sheaves  shall  be  substantial  with  the  top  flanges  turned 
smooth  and  true  to  receive  the  hoisting  rope.  The  sheave  wheel  shaft  shall  be  of  the  best  grade 
of  machinery  steel  of  ample  stren^h,  carefully  and  truly  made.  The  sheave  boxes  shall  be  lined 
with  the  best  quality  of  anti-friction  metal  and  shall  be  adjustable  to  take  up  the  wear.  Unless 
otherwise  specified  the  sheave  wheels  shall  have  wrought  iron  spokes. 

228.  Tiimding  Stage. — ^An  efficient  landing  device  shall  be  furnished. 

Dbtails  of  Construction. 

229.  Unless  otherwise  provided  for  the  details  of  construction  are  to  be  the  same  as  for 
steel  frame  buildings. 

230.  Design. — In  designing  head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar 
structures  care  shall  be  used  to  strongly  brace  the  different  parts  of  the  structure  in  order  that  it 
may  be  rigid.  Preference  shall  be  given  to  types  of  structures  that  are  statically  determinate. 
Where  4-post  head  frames  and  other  statically  indeterminate  structures  are  used  the  stresses  shall 
be  calculated  by  taking  account  of  the  deformation  and  distortions  of  the  members.*  All  bracing 
is  to  be  made  of  stiff  members;  the  use  of  rods  or  bars  will  not  be  permitted,  except  for  sag  rods 
and  anchors.  It  is  very  important  that  head  frames,  coal  tipples,  coal  washers  and  breakers  and 
similar  structures  be  made  very  rigid. 

231.  Lengths  of  Compression  Members. — ^The  length  of  compression  members  in  head 
frames  and  shaker  structures  shall  not  exceed  100  times  the  least  radius  of  gyration  for  main 
members  nor  140  times  the  least  radius  of  gyration  for  secondary  bracing. 

232.  Lengtiis  of  Tension  Members. — ^The  length  of  tension  members  in  head  frames  shall 
not  exceed  150  times  the  least  radius  of  gyration  for  main  members,  nor  200  times  the  least  radius 
of  gyration  for  secondary  bracing.  The  length  of  a  tension  member  is  to  be  taken  as  the  distance 
center  to  center  of  end  connections. 

233.  Splices. — ^All  splices  in  main  members  shall  be  designed  to  carry  the  full  strength  of 
the  member. 

234.  Reaming. — ^The  rivet  holes  for  all  field  splices  shall  be  punched  to  a  diameter  ^  in.  less 
than  the  finished  hole  and  shall  be  reamed  to  the  required  size  with  the  members  bolted  in  place- 
with  an  iron  templet.  All  metal  more  than  f  in.  thick  shall  be  punched  and  reamed,  or  be  drilled 
from  the  solid. 

235.  Minimum  Thickness  of  Metal. — ^The  minimum  thickness  of  metal  in  plates  and  sections 
shall  be  A  in.,  except  for  fillers. 

236.  Erection. — ^All  field  connections  shall  be  riveted.  Before  the  riveting  is  begun  all  field 
connections  shall  be  fully  drawn  up  with  field  bolts,  in  not  less  than  one-half  the  holes  of  each 
joint. 

2XJ,  Materials  and  Workmanship. — ^All  materials  and  workmanship  shall  comply  with  the 
Spedncations  for  Steel  Frame  Buildings  unless  otherwise  specified. 

238.  Painting. — All  steel  work  shall  receive  one  coat  of  satisfactory  graphite  or  carbon  paint 
at  the  shop.  Bdore  erecting  all  abraded  spots  shall  be  touched  up,  and  all  rivet  heads  shall  be 
painted  as  soon  as  accepted  by  the  inspector.  After  the  erection  is  complete  all  structural  steel 
work  shall  be  given  two  coats  of  satisfactory  graphite  or  carbon  paint.  The  three  coats  of  paint 
shall  be  of  different  colors. 

REFERENCES. — For  additional  data  for  the  design  of  head  frames,  rock  houses,  coal  tipples 
and  other  mine  structures,  and  for  numerous  examples  of  structures,  see  the  author's  The 
Design  of  Mine  Structures."  This  book  ^ves  the  calculation  of  stresses  in  head  frames,  and  also 
gives  a  full  discussion  of  the  details  of  design  of  mine  structures,  including  specifications,  methods 
of  construction  and  costs. 

*  For  the  calculation  of  the  stresses  in  mine  structures,  see  the  author's  ''The  Design  of  Mine 
Structures." 


CHAPTER  XL 
Steel  Stand-Pipes  and  Elevated  Tanks  on  Towers. 

DATA   FOR    DESIGN. — The  following  data  will  be  of  assistance  in  the  design  of  steel 
stand-pipes  and  elevated  tanks  on  towers.     For  definitions  of  stand-pipes  and  elevated  tanks 
on  towers,  see  the  specifications  in  the  latter  part  of  this  chapter. 
NotatiQii:— 

h  »  distance  in  ft.  of  any  point  below  the  top  of  the  stand-pipe  or  elevated  tank; 
d  «  diameter  of  the  stand-pipe  or  elevated  tank  in  feet; 
f  s  radius  of  the  stand-pipe  or  elevated  tank  in  feet; 
t  ~  thickness  of  the  shell  in  inches  at  any  given  point; 
P  —  hydrostatic  pressure  in  lb.  per  sq.  in.  at  any  point  =  0.434/^; 
5  »  stress  per  vertical  lineal  inch  of  stand-pipe; 
s  »  unit  stress  in  lb.  per  sq.  in.  in  vertical  section  of  stand-pipe; 
S'  =  stress  per  horizontal  lineal  inch  of  stand-pipe; 
s'  =  unit  stress  in  lb.  per  sq.  in.  in  horizontal  section  of  stand-pipe; 
S"  «  stress  per  lineal  inch  along  a  circumferential  line,  due  to  wind; 
s"  —  unit  stress  in  lb.  per  sq.  in.  in  circumferential  line,  due  to  wind. 
Fonnulas  for  Stresses  in  Stand-Pipes. — ^The  stress  per  lineal  vertical  inch  of  stand-pipe  is 

5  =  ffj|-..6*..  (0. 

The  stress  per  sq.  in.  is 

5  =  2.6h'dlt  (2) 

The  stress  per  horizontal  lineal  inch  of  stand-pipe  due  to  the  weight  of  stand-pipe  W,  b 

S'  =  WKl2r'd)  =  0.026Wld  (3) 

The  stress  per  sq.  in.  is 

s'  =  0.026  W7(4-0  (4) 

For  ordinary  conditions  the  wind  pressure  is  taken  at  30  lb.  per  sq.  ft.  acting  on  two-thirds 
of  the  surface,  or  20  lb.  per  sq.  ft.  on  the  entire  surface;  while  for  exposed  positions  the  wind  pressure 
may  need  to  be  taken  as  high  as  45  lb.  per  sq.  ft.  acting  on  two-thirds  of  the  surface,  or  30  lb. 
per  sq.  ft.  on  the  entire  surface.  Recent  Prussian  specifications  require  that  circular  chimneys 
be  designed  for  two-thirds  of  25  lb.  per  sq.  ft.  At  30  lb.  per  sq.  ft.  acting  on  two-thirds  of  the 
surface  (20  lb.  per  sq.  ft.)  the  bending  moment  at  any  distance  h  below  the  top,  due  to  wind  is 

M  ^20  Xd'hXhX  12/2  «  i20d'h*  (5) 

where  M  is  in  in.-lb. 

The  stress  in  the  extreme  fiber  of  the  shell  is 

s"  =  M-y/I  (6) 

Now  y  =  I2r,  /  =  iv(ri^  —  rfy  «  t'vf*  (approx.— r  is  in  ft.*  and  /  in  in.)  =  <-T-f*-i2*  (in  in.^. 
Substituting  y  and  I  in  (6) 

,,      i2od'h*'r-i2 

^     "      /.ir.f»I2* 

=  i,o6hV0'd)  (7) 
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The  stress  per  lineal  inch  will  be 


5"  =  i,o6hyd 


(8) 


If  the  allowable  stress  in  the  net  section  of  the  plate  is  12,000  lb.  per  sq.  in.,  and  e  =  efficiency 
of  joint,  then  from  (2) 

/  =  2.6A-(f/(i2,ooo  X  e)  (9) 

where  values  of  e  for  different  conditions  are  given  in  Table  I  la. 

Formulas  for  Stresses  in  Elevated  Steel  Tanks. — ^The  stress  per  lineal  vertical  inch  of  plate 
is  the  same  as  in  stand-pipes 

5  =  2M'd  (i) 

and  the  unit  stress  in  vertical  joints  is 

s  =  2.6h'dlt  (2) 

Stresses  on  Radial  Joints. — Spherical  Bottoms. — In  a  hemispherical  bottom  the  radial 
stress  per  sq.  in.,  Ti,  will  be  one-half  the  stresses  in  a  cylinder  of  the  same  radius  and  the  same 
internal  pressure. 

Ti  =  2,6h'dl(2t)  =  2.6A-r//  (lo) 


In  a  segmental  bottom  (b)  Fig.  i,  the  stress  Ti  will  be 

^        2  X  I2ir'b-t      24tti'< 
Now  W  =  62.5A-T»&*  =  62.5fc-ir-ri"-sin'^,  and 

T,'^^-^^^2.6h'r^|t 
24/ 

which  reduceg  to  equation  (10)  for  a  hemispherical  bottom  when  fi  —  r. 


(II) 


(12) 


\5^^> 


/-,^/J^ 


t{^ 


(a)  Conical  Bottom 


■A 


wzs 


(b)  SEGMENTAL  BOTTOM 


Fig.  I. 
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Stresses  on  Radial  Joints.  Conical  Bottoms. — In  a  conical  bottom  the  stress  per  sq.  in. 
T^'  will  be  from  (a)  Fig.  i, 

Now 

and 

^  62.5fe»ir.n«.cscg 
24riT-/ 

=  2.6^Tl'CSC^//  (15) 

Stresses  on  Circumferential  Joints.  Conical  Bottoms. — In  (a)  Fig.  i,  pass  two  horizontal 
planes  through  the  cone  so  that  the  intercept  along  the  cone  will  be  a  unit  in  length.  The  tapered 
ring  cut  away  has  a  pressure  of  p'  lb.  per  lineal  inch.  This  pressure  p*  may  be  resolved  into  a 
pressure  along  the  element  of  the  cone,  P\  =  p'  cot  d,  and  a  horizontal  pressure,  p^  ^  p'  esc  0. 
The  stress  in  circumferential  joint  will  be 

Tt"  =  i2pt'rilt  =  I2p''rrcsc0lt 

=  12  X  o.434Ati-csc^// 

=  5.2Ati-csc^//  (16) 

which  is  twice  the  stresses  in  the  radial  joints. 

Stresses  in  Circumferential  Joints. — Spherical  Bottoms. — ^The  radial  unit  stress  in  a  hemi- 
spherical bottom  is  given  by  equation  (12).  Now  in  a  segment  of  a  spherical  shell  the  curvature 
is  the  same  in  all  directions,  and  the  unit  stress  on  a  circumferential  joint  will  be  the  same  as  on 
a  radial  joint,  and 

r/  =  r,' =  2.6A.ri//  (17) 

Connection  Between  Side  and  Bottom  Plates. — ^With  a  conical  bottom  the  inclined  pull  per 
lineal  inch  at  the  bottom  of  the  circular  tank  will  be  from  (15) 

Ti'"  =2.6ftTCSC^.  (18) 

The  compressive  stress  in  the  horizontal  ring  will  be  due  to  the  horizontal  components  of  the 
inclined  stresses  and  will  be 

P'  =  r/"  cos  e-r  X  12 

=  3i.2AT"-cot  d  (19) 

There  are  no  inclined  or  compressive  stresses  in  a  hemispherical  bottom  unless  the  circular 
shell  and  the  hemispherical  bottom  are  joined  by  an  elliptical  segment.  If  the  radius  of  the 
circular  tank  divided  by  the  radius  of  the  segment  =  2,  there  will  be  no  secondary  stresses  (see 
"Stresses  in  Tank  Bottoms,"  by  Professor  A.  N.  Talbot,  The  Technograph  No.  16,  p.  139). 

Stresses  in  a  Circular  Girder. — ^The  circular  girder  supports  the  weight  of  the  tank,  the 
contents  of  the  tank,  and  its  own  weight.    The  load  is  uniformly  distributed  along  the  girder. 
The  girder  rests  on  or  is  supported  by  four  or  more  columns,  and  transmits  its  load  to  them. 
Let  W  =  total  load  on  girder  in  lb. ; 
r  »  radius  of  girder  in  in. ; 
n  s  number  of  posts; 

a  =  2ir/«  =  angle  at  center  subtended  by  radii  through  two  consecutive  posts; 
Of'  =  angle  subtended  at  center  by  any  arc; 
M  ==  direct  bending  moment  in  the  girder  at  any  point  in  in.-lb.; 
T  s  torsional  bending  moment  in  girder  at  any  point  in  in.-lb. ; 
5  =  shear  in  girder  at  any  point  in  lb. ; 
Pa  =  Pb,  etc.,  =  reactions  of  columns  in  lb. 
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EXAMPLES    OF  STEEL  COAL  TIPPLES. 
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TABLE  Ila,. 
Properties  of  Watertight  Joints.     •^ 
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and  15  ixL  I-beams  ®  42  lb.  at  the  top,  the  girders  being  spaced  3  ft.  5i  in.  center  to  center.  The 
main  side  girders  are  composed  of  two  I-beams  15  in.  ©42  lb.,  and  one  channel  15  in.  @  33  lb. 
The  i  in.  plate  floor  is  carried  on  12  in.  I-beams  spaced  about  i  ft.  6  in.  centers.  The  steel  plate 
floor  is  placed  at  a  slope  of  8  in.  in  12  in.,  and  it  is  stated  that  95  per  cent  of  the  coal  can  be  with- 
drawn from  the  bin.  The  bins  discharge  through  vertical  gates  in  the  sides  into  motor-driven 
larries,  which  run  to  the  coke  ovens.  The  vertical  gates  are  raised  by  rack  and  pinion  and  chain 
wheels. 

Data  on  ten  steel  coal  tipples  are  given  in  Table  VI.  For  additional  examples  and  data  on 
steel  coal  tipples,  see  the  author's  "The  Design  of  Mine  Structures." 

SPECIFICATIONS  FOR  STEEL  HEAD  FRAMES  AND  COAL  TIPPLES,  WASHERS 

AND   BREAKERS.* 

PART  11. 

BY 

MILO  S.  KETCHUM, 
M.  Am.  Soc.  C.  E. 

1912 

GENERAL  DESCRIPTION. 

198.  Tfpes  of  Stmcttire. — ^The  structure  shall  be  of  a  type  that  will  give  maximum  rigidity 
and  strength.  The  structure  shall  be  of  a  type  in  which  the  stresses  can  be  calculated  either  by 
statics  or  by  taking  into  account  the  deformations  of  the  members. 

199.  Bracing. — ^AIl  bracing  shall  be  stiff,  and  shall  be  riveted  together  at  all  intersections  to 
give  maximum  rigidity. 

200.  Proposals.— -Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  giving  sizes  of  material,  and  such  detail  plans  as  will 
clearly  show  the  dimensions  of  the  parts,  modes  of  construction  and  sectional  areas. 

201.  Detul  Plans. — ^The  successful  contractor  shall  furnish  all  working  drawings  required 
by  the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  possible,  be  made  on  standard 
size  slKets  24  in.  X  j6  in.  out  to  out,  22  in.  X  34  in.  inside  the  inner  border  lines. 

202.  Approval  (»  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  are  approved  in  writing  by  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

Loads. 

203.  The  structures  shall  be  designed  to  carry  the  following  loads  without  exceeding  the 
permissible  unit  stresses. 

204.  Dead  Loads. — The  dead  loads  shall  consist  of  the  weight  of  the  head  sheaves,  sheaves, 
blocks  and  girders,  the  weight  of  the  structure,  and  all  concentrated  machinery  and  equipment 
loads. 

205.  Working  Loads. — ^The  working  loads  on  head  frames  for  vertical  shafts  shall  be  taken 
as  equal  to 

K^2W+R  +  (W  +  R)f  (I)  . 

where  K  »  the  working  stress  in  lb.  at  the  head  sheave  at  the  instant  of  picking  up  the  load; 
W  =  the  gross  load  of  the  cage  or  skip  and  the  load  of  ore  or  coal  in  lb. ;  R  ^  the  weight  of  the 
rope  from  the  head  sheaves  to  the  bottom  of  the  shaft  in  lb.;  and /  =  coefficient  of  friction  of  the 
rope,  skip  and  sheaves,  which  may  be  taken  at  o.oi  to  0.02  for  vertical  shafts  and  0.02  to  0.04  for 
inclined  shafts  with  ropes  supported  on  rollers. 

206.  For  inclined  shafts  the  working  load  shall  be  taken  as 

K'  ^i2W  +  R)  sin  0+  f{W  +R)  cos  B  (2) 

where  0  »  the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

•From  Specifications  for  Steel  Mine  Structures  as  printed  in  the  author's  "The  Design  of 
Mine  Structures."     Part  I  is  "Specifications  for  Steel  Frame  Buildings"  as  printed  in  C 
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207.  Breaking  Load. — ^The  head  frame  shall  be  designed  for  a  load  in  one  or  all  of  the  hoisting 
ropes  equal  to  the  breaking  stress  of  the  hoisting  rope  as  given  in  the  manufacturer's  catalog. 

208.  Machinery  Loads. — ^The  stresses  due  to  machinery,  crushers,  tipple  equipment,  etc., 
shall  be  considered  the  same  as  the  stresses  due  the  working  or  live  load. 

200.  Wind  Loads. — Where  the  head  frame  or  tipple  is  enclosed  the  wind  load  shall  be  assumed 
as  30  lb.  per  sq.  ft.  of  exposed  surface  acting  horizontally.  Where  the  framework  is  open  the 
wind  load  shall  be  taken  as  50  lb.  per  sq.  ft.  acting  on  the  projection  of  the  members  of  the  head 
frame  or  tipple.^  In  calculating  the  stresses  due  to  wind,  the  wind  loads  may  be  assumed  as 
applied  at  the  joints  of  the  structure.  Where  one  side  of  the  structure  is  open  so  that  a  deep  cup 
or  pocket  is  formed  the  wind  load  shall  be  taken  as  not  less  than  60  lb.  per  sq.  ft.  on  the  projection 
of  the  cup-like  surface. 

210.  Snow  Loads. — ^Snow  loads  shall  be  taken  the  same  as  for  steel  frame  buildings. 

Allowablb  Unit  Stresses. 

211^  Steel  head  frames,  coal  tipples,  coal  washers  and  breakers,  and  similar  structures  shall 
be  designed  for  the  following  allowable  stresses. 

212.  Dead  Load  Stresses. — ^The  allowable  unit  stresses  for  dead  loads  shall  be  the  same  as 
for  steel  frame  buildings  given  in  "Specifications  for  Steel  Frame  Buildings."  Snow  loads  shall 
be  considered  as  dead  loads. 

213.  Working  Load  Stresses. — ^The  allowable  unit  stresses  for  working  loads  shall  be  one-half 
the  allowable  unit  stresses  for  dead  load  stresses  as  given  in  "Specifications  for  Steel  Frame 
Buildings." 

214.  Bins. — Bins  shall  be  designed  for  two  thirds  the  allowable  unit  stresses  for  dead  load 
stresses  as  given  in  "Specifications Tor  Steel  Frame  Buildings." 

215.  Breaking  Load  Stresses. — ^The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  breaking  one  or  all  the  hoisting  ropes  shall  be  equal  to  the  allowable  unit  stresses  for  dead  load 
stresses,  plus  50  per  cent,  equal  to  three  times  the  allowable  unit  stresses  for  working  loads.  The 
breaking  loads  and  working  loads  for  any  shaft  compartment  or  machine  need  not  be  assumed 
as  acting  together. 

216.  Machinery  Load  Stresses. — ^The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  machinery  and  moving  loads  shall  be  the  same  as  the  allowable  unit  stresses  for  working  loads, 
equal  to  one  half  the  allowable  unit  stresses  for  dead  load  stresses. 

217.  Wind  Load  Stresses. — ^The  allowable  unit  stresses  when  the  wind  load  stress  is  com- 
bined with  the  dead  load  stress  plus  twice  the  working  load  and  machinery  load  stresses  shall  not 
exceed  the  allowable  unit  stresses  for  dead  loads  by  more  than  25  per  cent.  If  the  sum  of  the 
wind  load  unit  stress,  the  dead  load  unit  stress,  and  twice  the  working  load  and  machinery  load 
unit  stresses  exceed  the  allowable  unit  stress  for  dead  loads  by  more  than  25  per  cent  the  area  of 
the  section  shall  be  increased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit.  Wind 
load  stresses  need  not  be  combined  with  breaking  load  stresses. 

218.  Reversal  of  Stress. — Members  subject  to  a  reversal  of  stress  due  to  a  combination  of 
dead  load  stresses  and  working  load  stresses  shall  be  designed  to  take  both  tension  and  com- 
pression, each  stress  being  incr^sed  by  one  half  the  smaller  o(  the  two  stresses.  Members  subject 
to  a  reversal  of  stress  due  to  wind  stress  combined  with  dead  load  stresses  and  worldng  load 
stresses,  or  breaking  load  stresses  combined  with  dead  load  stresses  shall  be  designed  to  carry 
both  stresses. 

Equipment. 

219.  Skips  and  Cages. — ^Skips  and  cages  shall  be  made  of  structural  steel,  as  shown  on  the 
detail  drawings.  They  shall  be  provided  with  guide  shoes  and  safety  devices.  For  inclined 
shafts  the  wheels  shall  have  phosphor  bronze  bushings. 

220.  Safety  Detaching  Hooks. — ^All  skips  and  cages  shall  be  provided  with  effective  detaching 
hooks.  The  case  shall  be  designed  to  take  the  stress  due  to  a  loaded  cage  or  skip  dropping  a 
vertical  distance  of  two  feet. 

221.  Bin  Gfttes. — Unless  otherwise  specified  all  bin  gates  shall  be  of  the  undercut  type. 
All  gates  shall  be  equipped  with  operating  mechanism  so  Uiat  they  can  be  opened  in  service  by 
one  man. 

222.  Screens. — ^Fixed  screens  shall  be  made  of  bars  as  shown  on  the  drawings  and  shall  be 
supported  so  that  the  bars  will  not  be  permanently  deflected  under  the  load.  The  screen  bars 
shall  be  placed  at  an  angle  so  that  the^r  will  screen  the  ore  or  coal  without  choking  up. 

223.  Shaking  screens  shall  be  carried  on  rollera  and  be  driven  by  eccentric  connecting  bars. 
They  shall  be  placed  at  proper  slopes,  and  shall  be  provided  with  all  necessary  gates.  Unless 
otherwise  specified  the  screens  shall  be  made  of  structural  steel. 

224.  Rotary  screens  shall  be  made  of  structund  and  machinery  steel,  and  shall  perform  the 
work  required  by  the  spedficadons. 
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325.  Coal  Tipples  or  Diimp8.-^oal  tipples  or  dumps  shall  be  provided  as  shown  on  the  detail 
plans  or  called  for  in  the  spedncations. 

226.  Dtunping  Devices. — ^Where  self-dumping  skips  or  cages  are  used  an  efficient  and  satis- 
factory dumping  device  shall  be  provided. 

227.  Head  Sheaves. — ^The  head  sheaves  shall  be  substantial  with  the  top  flanges  turned 
smooth  and  true  to  receive  the  hoisting  rope.  The  sheave  wheel  shaft  shall  be  of  the  best  grade 
of  machinery  steel  of  ample  stren^h,  carefully  and  truly  made.  The  sheave  boxes  shall  be  lined 
with  the  best  quality  of  anti-friction  metal  and  shall  be  adjustable  to  take  up  the  wear.  Unless 
otherwise  specified  the  sheave  wheels  shall  have  wrought  iron  spokes. 

228.  T>in<ling  Stage. — ^An  efficient  landing  device  shall  be  furnished. 

Details  of  Construction. 

229.  Unless  otherwise  provided  for  the  details  of  construction  are  to  be  the  same  as  for 
steel  frame  buildings. 

230.  Desigii. — In  designing  head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar 
structures  care  shall  be  used  to  strongly  brace  the  different  parts  of  the  structure  in  order  that  it 
may  be  rigid.  Preference  shall  be  given  to  types  of  structures  that  are  statically  determinate. 
Where  4-post  head  frames  and  other  statically  indeterminate  structures  are  used  the  stresses  shall 
be  calculated  by  taking  account  of  the  deformation  and  distortions  of  the  members.*  All  bracing 
is  to  be  made  of  stiff  members;  the  use  of  rods  or  bars  will  not  be  permitted,  except  for  sag  rods 
and  anchors.  It  b  very  important  that  head  frames,  coal  tipples,  coal  washers  and  breakers  and 
similar  structures  be  made  very  rigid. 

231.  Lengths  of  Compression  Members. — ^The  length  of  compression  members  in  head 
frames  and  shaker  structures  shall  not  exceed  100  times  the  least  radius  of  gyration  for  main 
members  nor  140  times  the  least  radius  of  gyration  for  secondary  bracing. 

232.  Lengths  of  Tension  Members. — ^The  length  of  tension  members  in  head  frames  shall 
not  esDceed  150  times  the  least  radius  of  gvration  for  main  members,  nor  200  times  the  least  radius 
of  gyration  for  secondary  bracing.  The  length  of  a  tension  member  is  to  be  taken  as  the  distance 
center  to  center  of  end  connections. 

233.  Splices. — ^All  splices  in  main  members  shall  be  designed  to  carry  the  full  strength  of 
the  member. 

234.  Reaming. — The  rivet  holes  for  all  field  splices  shall  be  punched  to  a  diameter  ^  in.  less 
than  the  finished  hole  and  shall  be  reamed  to  the  required  size  with  the  members  bolted  in  place- 
with  an  iron  templet.  All  metal  more  than  f  in.  thick  shall  be  punched  and  reamed,  or  be  drilled 
from  the  solid. 

235.  Minimmn  Thickness  of  MetsL — ^The  minimum  thickness  of  metal  in  plates  and  sections 
shall  be  A  in.,  except  for  fillers. 

236.  Erection. — ^All  field  connections  shall  be  riveted.  Before  the  riveting  is  begun  all  field 
connections  shall  be  fully  drawn  up  with  field  bolts,  in  not  less  than  one-half  the  holes  of  each 
joint. 

237.  Materials  and  Workmanship. — ^AU  materials  and  workmanship  shall  comply  with  the 
Spedncations  for  Steel  Frame  Buildings  unless  otherwise  specified. 

238.  Paintinc. — ^All  steel  work  shall  receive  one  coat  of  satisfactory  graphite  or  carbon  paint 
at  the  shop.  B^ore  erecting  all  abraded  spots  shall  be  touched  up,  and  all  rivet  heads  shall  be 
painted  as  soon  as  accepted  by  the  inspector.  After  the  erection  is  complete  all  structural  steel 
work  shall  be  given  two  coats  of  satisfactory  graphite  or  carbon  paint.  The  three  coats  of  paint 
shall  be  of  different  colors. 

RBFERENCBS. — ^For  additional  data  for  the  design  of  head  frames,  rock  houses,  coal  tipples 
and  other  mine  structures,  and  for  numerous  examples  of  structures,  see  the  author's  *  The 
Design  of  Mine  Structures."  This  book  ^ves  the  calculation  of  stresses  in  head  frames,  and  also 
gives  a  full  discussion  of  the  details  of  design  of  mine  structures,  including  specifications,  methods 
of  construction  and  costs. 

*  For  the  calculation  of  the  stresses  in  mine  structures,  see  the  author's  "The  Design  of  Mine 
Structures." 


CHAPTER  XL 
Steel  Stand-Pipes  and  Elevated  Tanks  on  Towers. 

DATA   FOR    DESIGN. — ^The  following  data  will  be  of  assistance  in  the  design  of  steel 
stand-pipes  and  elevated  tanks  on  towers.     For  definitions  of  stand-pipes  and  elevated  tanks 
on  towen,  see  the  specifications  in  the  latter  part  of  this  chapter. 
Ifotfttioiir — 

h  =  distance  in  ft.  of  any  point  below  the  top  of  the  stand-pipe  or  elevated  tank; 
d  =  diameter  of  the  stand-pipe  or  elevated  tank  in  feet; 
r  —  radius  of  the  stand-pipe  or  elevated  tank  in  feet; 
t  =  thickness  of  the  shell  in  inches  at  any  given  point; 
p  »  hydrostatic  pressure  in  lb.  per  sq.  in.  at  any  point  —  0.434^; 
S  »  stress  per  vertical  lineal  inch  of  stand-pipe; 
s  s  unit  stress  in  lb.  per  sq.  in.  in  vertical  section  of  stand-pipe; 
S'  =  stress  per  horizontal  lineal  inch  of  stand-pipe; 
s'  s  unit  stress  in  lb.  per  sq.  in.  in  horizontal  section  of  stand-pipe; 
S^'  s  stress  per  lineal  inch  along  a  circumferential  line,  due  to  wind; 
s"  s  unit  stress  in  lb.  per  sq.  in.  in  circumferential  line,  due  to  wind. 
Fofmnlas  for  Stresses  in  Stand-Pipes. — ^The  stress  per  lineal  vertical  inch  of  stand-pipe  is 

5  =  ffj|-..6*.i  (0. 

The  stress  per  sq.  in.  is 

s  =  2.6hdlt  (2) 

The  stress  per  horizontal  lineal  inch  of  stand-pipe  due  to  the  weight  of  stand-pipe  W,  is 

y  =  WI(i2T'd)  =  o.026Wld  (3) 

s'  =  0.O26Wlid't)  (4) 

For  ordinary  conditions  the  wind  pressure  is  taken  at  30  lb.  per  sq.  ft.  acting  on  two-thirds 
of  the  surface,  or  20  lb.  per  sq.  ft.  on  the  entire  surface;  while  for  exposed  positions  the  wind  pressure 
may  need  to  be  taken  as  high  as  45  lb.  per  sq.  ft.  acting  on  two-thirds  of  the  surface,  or  30  lb. 
per  sq.  ft.  on  the  entire  surface.  Recent  Prussian  specifications  require  that  circular  chimneys 
be  designed  for  two-thirds  of  25  lb.  per  sq.  ft.  At  30  lb.  per  sq.  ft.  acting  on  two-thirds  of  the 
surface  (20  lb.  per  sq.  ft.)  the  bending  moment  at  any  distance  h  below  the  top,  due  to  wind  is 

M  ^20XdhXhX  12/2  =  I20d'h*  (5) 

where  M  is  in  in.-lb. 

The  stress  in  the  extreme  fiber  of  the  shell  b 

y'  =  M-y/I  (6) 

Now  y  —  I2f,  I  =»  irCri*  —  f »*)  -  t-v-r*  (approx.— r  is  in  ft.*  and  /  in  in.)  =  /•tt*«I2*  (in  in.*). 
Substituting  y  and  /  in  (6) 

i2od*A'-r-i2 


The  stress  per  sq.  in.  is 


s"^ 


/•xf*I2* 

I.o6*V(^<0  ^''^ 
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The  stress  per  lineal  inch  will  be 


S"  «  i.o6hyd 


(8) 


If  the  allowable  stress  in  the  net  section  of  the  plate  is  12,000  lb.  per  sq.  in.,  and  e  »  efficiency 
of  joint,  then  from  (2) 

/  =  2,6h'dl{i2,ooo  X  e)  (9) 

where  values  of  e  for  different  conditions  are  given  in  Table  I  la. 

Formulas  for  Stresses  in  Elevated  Steel  Tanks. — ^The  stress  per  lineal  vertical  inch  of  plate 
is  the  same  as  in  stand-pipes 

S  =  2,6h'd  (i) 

and  the  unit  stress  in  vertical  joints  is 

s  =  2.6h'dlt  (2) 

Stresses  on  Radial  Joints. — Sfiherical  Bottoms. — In  a  hemispherical  bottom  the  radial 
stiiess  per  sq.  in.,  Ti,  will  be  one-half  the  stresses  in  a  cylinder  of  the  same  radius  and  the  same 
internal  pressure. 

Ti  -  2.6h'dK2t)  -  2.6*-f//  (10) 


In  a  segmental  bottom  {b)  Fig.  i,  the  stress  Ti  will  be 

*  2  X  l2T'b't        24TT1'/ 

Now  W  «  62,sh'vl^  «  62.5* -T Ti*- sin* ^,  and 

24/ 
which  reduces  to  equation  (10)  for  a  hemispherical  bottom  when  r  1  »  r. 


(II) 


(12) 


(sj  Conical  Bottom 


•A 


Wrx 


3 


(b)  SEGMENTAL  BOTTOM 


Fig.  I. 
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Stresses  on  Radial  Joints.  Conical  Bottoms. — In  a  conical  bottom  the  stress  per  sq.  in. 
Ti"  will  be  from  (a)  Fig.  i, 

^  _5^C8C^ 

Now 

W  =  62.5Arri*, 
and 

„      62,$h'ir'ri*'csce  . 

Bs  2.6A-fi-csc^//  (15) 

Stresses  on  Circnmferential  Joints.  Conical  Bottoms. — In  (a)  Fig.  i,  pass  two  horizontal 
planes  through  the  cone  so  that  the  intercept  along  the  cone  will  be  a  unit  in  length.  The  tapered 
ring  cut  away  has  a  pressure  of  p'  lb.  per  lineal  inch.  This  pressure  p'  may  be  resolved  into  a 
pressure  along  the  element  of  the  cone,  pi  =  p'  cot  0,  and  a  horizontal  pressure,  pt  ^  p'  esc  9. 
The  stress  in  circumferential  joint  will  be 

r,"  =  I2pt'rilt  =  I2p''rrcsc$/t 

=  12  X  o.434Ati-csc^// 

=  5.2A-fi-csc^//  (16) 

which  is  twice  the  stresses  in  the  radial  joints. 

Stresses  in  Circumferential  Joints. — Spherical  Bottoms. — ^The  radial  unit  stress  in  a  hemi- 
spherical bottom  is  given  by  equation  (12).  Now  in  a  segment  of  a  spherical  shell  the  curvature 
is  the  same  in  all  directions,  and  the  unit  stress  on  a  circumferential  joint  will  be  the  same  as  on 
a  radial  joint,  and 

ri'  =  r,' =  2.6*.ri//  (17) 

Connection  Between  Side  and  Bottom  Plates. — ^With  a  conical  bottom  the  inclined  pull  per 
lineal  inch  at  the  bottom  of  the  circular  tank  will  be  from  (15) 

Ti'"  =  2.6k'rcscB.  (18) 

The  compressive  stress  in  the  horizontal  ring  will  be  due  to  the  horizontal  components  of  the 
inclined  stresses  and  will  be 

P'  =  Ti'"  cos  e-r  X  12 

=  3i.2AT*-cot  e  (19) 

There  are  no  inclined  or  compressive  stresses  in  a  hemispherical  bottom  unless  the  circular 
shell  and  the  hemispherical  bottom  are  joined  by  an  elliptical  segment.  If  the  radius  of  the 
circular  tank  divided  by  the  radius  of  the  segment  =  2,  there  will  be  no  secondary  stresses  (see 
"Stresses  in  Tank  Bottoms,"  by  Professor  A.  N.  Talbot,  The  Technograph  No.  16,  p.  139). 

Stresses  in  a  Circular  Girder. — ^The  circular  girder  supports  the  weight  of  the  tank,  the 
contents  of  the  tank,  and  its  own  weight.     The  load  is  uniformly  distributed  along  the  girder. 
The  girder  rests  on  or  is  supported  by  four  or  more  columns,  and  transmits  its  load  to. them. 
Let  W  »  total  load  on  girder  in  lb. ; 
r  s  radius  of  girder  in  in. ; 
n  s  number  of  posts; 

a  =  2r/«  =  angle  at  center  subtended  by  radii  through  two  consecutive  posts; 
a'  =  angle  subtended  at  center  by  any  arc; 
M  —  direct  bending  moment  in  the  girder  at  any  point  in  in.-Ib.; 
T  s  torsional  bending  moment  in  girder  at  any  point  in  in.-lb. ; 
S  =  shear  in  girder  at  any  point  in  lb. ; 
Pa  =  Pb,  etc.,  =  reactions  of  columns  in  lb. 
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Cs) 


Now  in  the  author's  "Design  of  Walls,  Bins  and  Grain  Elevators"  it  is  proved  that  the 
bending  myment  at  the  supports  is 

-,  Wrfl        I        a\  ,     - 


and  the  manmum  moment  midway  between  the  posts  is 
lit 


jxr      I                  2sm«-\ 
--          a    ,    W'fl     ,    at  4   1 

Jlfi'cos 1  sm- -^  I 


(21) 


The  torsional  moment  is  zero  at  the  supports  and  midway  between  the  columns,  and  is  a 
maximum  at  the  points  of  zero  bending  moment  at  points  between  the  columns. 
The  torsional  moment  is 


n 


ir     •    ^       W-r,                 ,.    ,   Wa'-rf         sin  a'\ 
lfi-sma'--jj^(i  -008  0')+ — T^\^ ^) 


(22) 


Values  of  M  and  T  are  given  in  Table  la. 


TABLE  la. 
Stresses  in  Circular  Girders. 


No.  of 
PMU. 

Load  oo 
PMt.  Lb. 

Biax.  Shear, 
Lb. 

Bendins  Moment 
at  Pwta.  In-lb. 

Bendins  Moment 

Midway  Between 

Post*.  In-lb. 

Aniular  Distance 
from  Pott  to  Point 
of  Max.  Tonioa. 

Max.Tonional 
Moment.  In-Ib. 

i 

8 

12 

fF+6 

fF-irS 
/F-*-  12 

fF-i-    8 
fF+  12 

fF +16 
fF-h24 

—0.0341 5  ;Ft 
— 0.01482  ^T 

— 0.00827  ;r-r 

—0.00365 /Ft 

+0.01762;Ft 
+0.0075  I^Ft 
-ho.004i6;F.r 
+o.ooi9o/rT 

19^  12' 
12    44 

6    21 

0.0053  ff'-r 
0.001 51  fF*r 
0.00063  ff^'^ 
ojoooiSsfF'f 

Stresses  in  Cdmniis.— The  stresses  in  the  columns  will  be  due  to  the  dead  load  and  to  the 
wind  moment.  The  vertical  components  of  the  dead  load  stress  will  be  equal  to  W  divided  by 
the  nuniber  of  columns,  where  W  b  the  total  weight  of  tank  and  the  water.  To  calculate  the 
stresses  due  to  wind  moment  in  the  columns  pnx»ed  as  follows:  Calculate  the  wind  force  by 
multiplying  the  exposed  surface  by  the  wind  pressure,  and  assume  the  wind  force  as  acting  through 
the  center  of  gravity  of  the  exposed  surface.  The  pressure  on  circular  tanks  may  be  taken  at 
two-thirds  of  30  lb.  per  sq.  ft.  of  the  surface  at  right  angles  to  the  direction  of  the  wind.  To 
calculate  the  stresses  in  the  columns  at  any  point  pass  a  horizontal  section  through  the  columns 
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as  in  Fig.  3.  Tken  the  maximum  vertic^  stress  in  column  i  will  occur  on  the  leeward  side  when 
the  wind  is  blowing  in^he  diiection  i-i.  If  Af  is  the  wind  moment  about  the  axis  A-B,  the 
moment  of  the  stresses  in  the  column  about  axis  A-B  will  be  equal  to  Af .  In  a  tower  with  8 
columns  as  in  Fig.  3  we  have  (stress  i)  X  2r  +  (stress  2)  X  4r-cos  45®  =  M. 

But  Stress  i  is  to  Stress  2  as  r  is  to  fcos  45®;  and  Stress  i  (2r  +  2r)  =  M.  Stress  i  =  M/^r, 
and  Stress  2  »  o.yMI^.  In  a  6  column  tower  the  stress  in  the  most  remote  post  is  Mjy  and 
in  each  of  the  others  is  }  Af/3r.  In  a  4  column  tower  the  stress  in  each  column  is  Jlf/2r.  If  the 
columns  are  vertical  the  maximum  stresses  will  occur  at  the  foot  of  the  columns;  if  the  columns 
are  inclined  the  stress  should  be  calculated  at  both  the  top  and  the  bottom.  The  maximum 
stresses  will  be  the  sum  of  the  dead  and  wind  load  stresses. 

Having  calculated  the  vertical  components  of  the  stresses  in  the  columns,  the  stress  in  the 
column  will  be  equal  to  the  vertical  component  multiplied  by  the  secant  of  the  angle  between  the 
colunm  and  a  vertical  line. 

A 
\3 


/ 

/ 

*                         \ 

k 

^                       \    WincT 

r"'-?/-^ 

\ 

\ 

1      / 

\ 

1           / 

\ 

1           / 

^v 

^ 

Ni* 

-\r 

3 

Fig.  3. 

If  the  upward  pull  of  the  columns  on  the  windward  side  is  greater  than  the  dead  load  when 
the  bin  is  empty  the  column  must  be  anchored  down.  The  masonry  footing  should  have  a 
weight  equal  to  at  least  one  and  one-half  times  the  resultant  upward  pull. 

DETAILS  OF  STEEL  TANKS.— The  standard  plans  in  Fig.  10  and  Fig.  il  and  the  Jack- 
son, Minn.,  tank  in  Fig.  6,  show  the  plates  in  alternate  courses  of  different  diameters,  while  the 
standard  details  of  the  Chicago  Bridge  and  Iron  Co.  in  Fig.  8  shows  the  plates  telescoped  with 
the  edge  of  the  plate  for  caulking  on  the  inside  so  that  it  may  be  caulked  from  above.  The  stand- 
ard 8peci6cations  given  in  the  last  part  of  this  chapter,  also  the  specifications  of  the  American 
Railway  Engineering  Association  in  the  last  part  of  this  chapter  both  require  that  the  plates  in 
alternate  courses  be  of  different  diameters  as  shown  in  Fig.  10,  Fig.  11,  and  Fig.  6. 

Hemispherical  or  segmental  bottoms  are  now  quite  generally  used,  the  conical  bottom  being 
rarely  used  on  account  of  the  difficulty  in  making  a  satisfactory  connection  to  the  tank  cylinder. 
Spherical  tank  bottoms  are  used  to  a  limited  extent. 

The  standard  details  of  the  Chicago  Bridge  and  Iron  Co.  for  circular  water  tanks  and  hemis- 
pherical bottoms  are  given  in  Fig.  8,  and  the  standard  column  details  are  shown  in  Fig.  9. 

The  properties  for  water  tight  joints  together  with  shearing  and  bearing  values  of  rivets  are 
given  in  Table  I  la.  Standard  plans  for  a  95,000  gallon  tank  on  a  100  ft.  tower  are  given  in  Fig.  10; 
while  standard  plans  for  a  stand-pipe  20  ft.  in  diameter  and  90  ft.  high  are  given  in  Fig.  11.  Table 
I  la  and  Fig.  10  and  Fig.  11  were  prepared  by  Mr.  C  W.  Birch-Nord  to  accompany  the  standard 
spedfications  printed  in  Trans.  Am.  Soc.  C.  E.,  VoL  64,  and  partially  reprinted  in  this  chapter. 
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TABLE  Ila,. 
Properties  of  Watertight  Joints.     ^. 
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i 

•^Rivcta 

Ji^Bivets 

JgBXyetM 

I'Wets           1 

ii! 

III 

l|i 

H! 

111 
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M 

ill 

11^ 

HI 

m 

Hi 

1 

1" 

1 

48.7 

U 

0.121 

2 

10.1 

4* 

O.MI 

h 

1 

39.5 

u 

0.124 

47.1 

2i 

ai47 

2 

65.4 

2i 

o?n5 

10.5 

S 

0.220 

i 

2 

61.3 

2 

0.230 

66.6 

n 

0.250 

10.1 

It 

0.206 

3 

70.8 

2f 

0.265 

75.6 

31 

0.284 

73.2 

^ 

0.274 

f. 

2 

63.5 

^ 

0.279 

66.5 

8 

0.291 

3 

72.3 

tk 

0.317 

15.2 

4 

0.S29 

i 

2 

53.9 

2k 

0.296 

63.8 

21 

0.819 

3 

69.4 

2| 

0.347 

12.0 

SI 

* 

2 

61.0 

^ 

0.344 

3 

70.5 

3» 

•0.397 

i 

h 

2 

72.6 

3* 

0.315 

72.3 

31 

0,316 

3 

82.2 

H 

0.359 

84.7 

^ 

a370 

i 

2 

72.0 

^ 

0.960 

72.3 

si 

a3G2 

3 

80.d 

^ 

a406 

82.ft 

2* 

a415 

ft 

2 

72.0 

tk 

0.406 

12.S 

i\ 

0.407 

3 

80.5 

3| 

a453 

82.1 

^ 

0.463 

* 

2 

70.7 

3 

a442 

12.S 

U 

0.462 

3 

73.4 

3 

a490 

81.0 

S* 

0.506 

« 

2 

68.3 

21 

a4e9 

12.S 

i\ 

0.498 

3 

75.7 

a522 

80.3 

34 

a552 

I 

2 

66.4 

21 

a498 

10.2 

SI 

0.626 

3 

73.8 

2i 

0.553 

78.0 

S| 

0,585 

if 

2 

68.3 

?* 

a555 

3 

16.6 

i\ 

0.611 

4 

2 

66.5 

3 

0.582 

3 

14.1 

3 

0.047 

H 

2 

Motot 

70.1 

. 

0.667 

8 

BMV7fl 

Lv«te^ 

\kmU 

10.6 

O.Ill 

1' 

t 

•ooBoni 

MlrlT^ 

•djoiata 

67.3 

~5 

0.678 

3 

74,1 

' 

0.141 

UTote:  The  iflwtanoeB  betweep  rivets  at  csolked  edges  shan  never  exceed  10  Umes  Che  thlrlmsw  of  pUtes 
or  stiaps.  The  thIclmeeB  of  cec^  sump  liorbattJolntosbaU  never  be  less  than  half  Pie  liilcl^^ 
the  plates  pins  j^  Inch. 
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fsUt^'RooF. 


Tar  i!^  Gravel  Roof 


/y  Kf Spout      \ 
lace^ 


,  \J2'5poad, 


fy) 50,000  Gallon  Railway 
Water  Tank  and  Totv^R 


fStee/RooF. 


frost  Casing 


Ground ^^  . 


(h)  65,000  Oallon  Steel 
Water  Tank,  Harr/man  Lines 


^RevoMng 
Ladder 


Ladder  A- — U 


jOround 


(c)  50,000  Gallon  Steel 
Water  Tank,  C-S-dQ-RR 

Fig.  4.    Typical  Sikel  Water  Tanks. 
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Cdj  Steel  water  tank 
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Tower   Foundation 
Fia  5-    Elbvatbd  Tank  and  Tower,  Jackson,  Minn. 
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Frost  Proofing 

Fig.  6. 
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Detail  of 

LaTEML    CONNECTiOH 
Elevated  Tank  and  Tower,  Jackson,  Minn. 
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.-it  d'^r^' 


jy/btfv^A/^'^^V^ 


0£TAJL  OF 
Column  AND  Horuontal  Circular  O/mei^ 

Fig.  7.    Elbvatbd  Tank  and  Towbr,  Jackson,  Minn. 
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DETAILS  OF  STEEL  TOWERS. — ^Steel  towers  are  commonly  made  with  four  columns, 
although  eight  or  twelve  columns  are  sometimes  used  for  large  elevated  tanks.  The  columns  of 
towers  are  commonly  made  of  two  channels,  laced  top  and  bottom;  of  two  channels  with  top 
cover  plate  and  bottom  lacing;  of  a  built  H  section  made  of  plates  and  angles,  or  a  rolled  H  section. 
Z-bars  are  now  very  difficult  to  obtain  and  the  Z-bar  column  should  not  be  used.  The  struts 
are  made  of  built  channels,  or  of  angles,  or  of  plates  and  angles.  The  diagonal  bracing  is  commonly 
made  of  rods  with  adjustable  clevises  or  turnbuckles. 

EXAMPLES  OF  STEEL  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS.— The 
design  of  steel  stand-pipes  and  elevated  tanks  on  towers  will  be  illustrated  by  describing  several 
typical  examples. 

Lf .  - .  .^ffL  -^j^^f/^f.  zAi. ^ 

'^'^W^^l^^  ^^:^^l'PrOnh^^\  ML^'^'l'^f'^'^rrnd 


i^&iSIcE^^JL^X^ 
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FhN22     ^ 


\\ 

■^>v        

"^  IRZ^i'Ri\r^s,     73,000  6ALL0N  STEEL  TANK  ^  ^'""^^^ 

Pitch 'Zi"  CMCAOO  BR/06B  AND iJ^ON  Co^ 


Details  of 


Rivets  J-   unless 
Qtherivise  noted* 


I'pJZ,     IZBentP/s- 


Ojl^^i^m:. 


^.?i\L^JSj'jpjsf.?lttf^A 


Fig.  8.    Details  of  Tank  and  Hemispherical  Bottom.    Chicago  Bridge  &  Iron  Co. 


Railway  Water  Tanks. — Four  typical  examples  of  steel  water  tanks  are  shown  in  Fig.  4;  the 
50,000  gallon  railway  water  tank  in  (a)  Fig.  4  was  designed  by  the  American  Bridge  Company; 
the  65,000  gallon  water  tank  in  (6)  is  a  standard  tank  on  the  Harriman  Lines;  the  50,000  gallon 
tank  in  (c)  was  designed  by  the  C.  R  &  Q.  R.  R.;  while  ((f)  is  a  typical  stand-pipe. 

Elevated  Tank  and  Tower  for  Jackson,  Minn. — Details  of  the  steel  elevated  tank  and  tower 
designed  by  Mr.  L.  P.  Wolff,  Consulting  Engineer,  St.  Paul,  Minn.,  for  Jackson,  Minn.,  are  shown 
in  Fig.  5,  Fig.  6,  and  Fig.  7.  A  general  plan  and  details  of  the  foundations  and  the  roof  are  shown 
in  Fig.  5.  Details  of  the  riveting  of  the  tank  plates;  details  of  the  columns,  and  details  of  the 
frost  proofing  are  shown  in  Fig.  6.  Details  of  the  circular  girder,  and  the  connections  of  the 
columns  are  shown  in  Fig.  7.    The  tank  has  a  hemispherical  bottom  with  a  conical  sub-bottom. 
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Fig.  9.    Dbtails  op  Column  Conxbctions  for  Elbvatbd  Tank  and  Towbe. 
Chicago  Bridge  &  Iron  Ca 
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Fig.  10.    Standard  Plan  of  Elevated  Tank  on  Tower,  by  C.  W.  Birch-Nord. 
(Trans.  Am.  Soc  C.  E.  ,  Vol.  64,  1909.) 
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The  details  work  out  very  satisfactorily.  Mr.  Wolf!  has  designed  a  number  of  elevated  tanks 
and  towers  following  the  standard  details  in  the  Jackson  tank.  The  details  of  construction  are 
shown  by  the  drawings. 


l^^i 


I 


KbiW       ^ 


iqi 


Fig.  II.    Standard  Plan  op  Stand-Pipe,  by  C.  W.  Birch-Nord. 
(Trans.  Am.  Soc.  C.  E..  VoL  64,  1909.) 

SPECIFICATIONS.— The  details  of  design  of  steel  stand-pipes  and  elevated  tanks  on 
towers  are  given  in  the  specifications  prepared  by  Mr.  C.  W.  Birch-Nord  and  the  specifications 
of  the  American  Railway  Engineering  Association.  Both  of  these  specifications  are  printed  in 
the  last  part  of  this  chapter. 


GENERAL  SPECIFICATIONS  FOR  ELEVATED  STEEL  TANKS  ON  TOWERS,  AND 

FOR  STAND-PIPES.* 

Part  I.    Design  of  Elevated  Steel  Tanks  on  Towers. 

Definition. — i.  An  elevated  tank  is  a  vessel  placed  on  a  tower  in  order  to  furnish  a  certain 
required  pressure  head.    The  tank  is  filled  through  a  riser  or  inlet  pipe. 

2.  Elevated  tanks  are  mostly  used  in  connection  with  pumping  stations,  or  are  connected 
directly  to  Artesian  wells,  in  order  to  store  water  under  pressure. 

3.  As  practically  all  tanks  are  cylindrical,  this  specification  will  only  have  reference  to  those 
of  that  shape. 

Loads. — 4.  The  dead  load  shall  consist  of  the  weight  of  the  structural  and  ornamental  steel- 
work, platforms,  roof  construction,  piping,  etc. 

5.  The  live  load  shall  be  the  contents  of  the  tank,  the  movable  load  on  the  platforms  and 
roof,  and  the  wind  pressure. 

6.  The  live  load  on  the  platforms  and  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  200-lb. 
concentrated  load  applied  at  any  point. 

7.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.,  acting  in  any  direction.  The 
surfaces  of  cylindrical  tanks  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the  diameter 
multiplied  by  the  height.  Similar  assumptions  may  also  be  made  for  spherical  and  conical  surfaces 
by  using  the  correct  heights. 

8.  The  live  load  on  platforms  and  roof  shall  not  be  considered  as  acting  together  with  the 
wind  pressure. 

unit  Stresses. — 9.  All  parts  of  the  structure  shall  be  proportioned  S9  that  the  sum  of  the  dead 
and  live  loads  shall  not  cause  the  stresses  to  exceed  those  given  in  Table  I. 

TABLE  I. 

Tension  in  tank  plates 12,000  lb.  per  sq.  in.  of  net  area. 

Tension  in  other  part  of  structure 16,000  lb.  per  sq.  in.  of  net  area. 

Compression 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  and  pins 12,000  lb.  per  sq.  in. 

Shear  on  field  rivete  (tank  rivets)  and  bolts 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in.  of  gross  area. 

Bearing  pressure  on  shop  rivets  and  pins 24,000  lb.  per  sq.  in. 

Bearing  pressure  on  field  rivets  (tank  rivets) 18,000  lb.  per  sq.  in. 

Fiber  strain  in  pins 24,000  lb.  per  sq.  in. 

10.  For  compression  members,  the  permissible  unit  stress  of  16,000  lb.  shall  be  reduced  by  the 
formula: 

p  -  16,000  —  70  l/r, 

where  P  «  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.: 

/  a  length  of  member,  from  center  to  center  of  connections,  in  inches; 
r  s  least  radius  of  gyration  of  section,  in  inches. 
The  ratio,  l/r,  diall  never  exceed  120  for  main  members  and  180  for  struts  and  roof  construc- 
tion members. 

11.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  25  per  cent  of  the  combined 
dead  and  live  loads. 

12.  Unit  stresses  in  bracing  and  other  members  taking  wind  stresses  may  be  increased  to 
20,000  lb.  per  sq.  in.,  except  as  shown  in  Section  11. 

13.  The  pressures  given  inr  Table  II  will  be  permissible  on  bearing  plates. 

TABLE  II. 

Brickwork  with  cement  mortar 200  lb.  per  sq.  in. 

Portland  cement  concrete 35©  lb.  per  sq.  in. 

First-class  sandstone 400  lb.  per  sq.  in. 

First-class  limestone 500  lb.  per  sq.  in. 

First-class  granite 600  lb.  per  sq.  in. 

•  Condensed  from  Specifications  by  C.  W.  Birch-Nord,  Assoc.  M.  Am.  Soc.  C.  E.,  Trans. 
Am.  Soc.  C.  E.,  Vol.  64,  pp.  548  to  563.  The  preliminary  statement  and  the  specifications  for  the 
foundations  have  been  omitted.  These  specifications  have  been  adopted  by  the  American  Bridge 
Company. 
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Details  of  Construction. — 14.  The  plates  forming  the  sides  of  cylindrical  tanks  shall  be  of 
different  diameters,  so  that  the  courses  shall  lap  over  each  other,  inside  and  outside,  alternately. 

15.  The  joints  for  the  horizontal  seams,  and  for  the  radial  seams  in  spherical  bottoms,  shall 
preferably  be  lap  joints. 

16.  For  vertical  seams  double-riveted  lap  joints  shall  be  used  for  },  A,  and  { in.  plates.  Triple 
lap  joints  shall  be  used  for  ^  and  i  in.  plates;  double-riveted  butt  joints  shall  be  used  for  A,  |, 
H  and  J  in.  plates;  and  triple-riveted  butt  joints  for  Hi  h  H  and  i  in.  plates. 

17.  Rivets  I  in.  in  diameter  shall  be  used  for  i  in.  plates;  rivets  }  in.  in  diameter  shall  be 
used  for  ^  in.  plates;  rivets  }  in.  in  diameter  shall  be  used  for  f  to  {  in.  plates,  inclusive.  Rivets 
I  in.  in  diameter  shall  be  used  for  H  ^n.  and  i  in.  plates. 

Rivets  shall  be  spaced  so  as  to  make  the  most  economical  seams  (70  to  75  per  cent  efficiency). 
A  table  of  riveted  joints  b  given  in  Table  I  la. 

18.  In  no  case  shall  the  spacing  between  rivets  along  the  caulked  edges  of  plates  be  more 
than  ten  times  the  thickness  of  the  plates.  All  rivets  shall  be  entered  from  the  inside  of  the 
tank,  and  shall  be  driven  from  the  outside,  that  is,  new  heads  on  rivets  shall  always  be  formed  from 
the  opposite  side  of  the  plate  on  which  the  caulking  is  done. 

19.  Plates  t  in*  thick,  and  not  more  than  { in.  thick,  shall  be  sub-punched  with  a  punch  A  in. 
smaller  in  diameter  than  the  nominal  size  of  the  rivets,  and  shall  be  reamed  to  a  finished  diameter 
not  more  than  ^  in.  larger  than  the  rivet.     Plates  thicker  than  }  in.  shall  be  drilled. 

20.  The  minimum  thickness  of  the  plates  for  the  cylindrical  part  shall  be  }  in.  The  thick- 
ness of  the  plates  in  spherical  bottoms  shall  never  be  less  than  that  of  the  lower  course  in  the 
cylindrical  part  of  the  tank. 

21.  The  facilities  at  the  plant  where  the  material  is  to  be  fabricated  will  be  investigated 
before  the  material  is  ordered. 

22.  All  plates  shall  be  sheared  or  planed  to  a  proper  bevel  alon^  the  edges  for  caulking. 

23.  All  plates  shall  b^  caulked  along  the  beveled  edges  from  the  inside  of  the  tank,  and  with  a 
round-nosed  tool.  The  use  of  foreign  material  for  caulking,  such  as  lead,  copper,  filings,  cement, 
etc.,  will  not  be  permitted. 

24.  The  plates  in  tanks  for  the  storage  of  oil  shall  be  beveled  on  both  sides  for  outside  and 
inside  caulking. 

25.  The  radial  sections  of  spherical  bottoms  shall  be  made  in  multiples  of  the  number  of 
columns  supporting  the  tank,  and  shall  be  reinforced  at  the  lower  parts,  where  holes  are  made 
for  piping. 

26.  When  the  center  of  the  spherical  bottom  is  above  the  point  of  connection  with  the  cylin- 
drical part  of  the  tank,  there  shall  be  provided  a  girder  at  said  point  of  connection  to  take  the  hori- 
zontal thrust.  The  horizontal  girder  may  be  made  in  connection  with  a  balcony.  This  also 
applies  where  the  tank  is  supported  by  inclined  columns. 

27.  The  balcony  around  the  tank  shall  be  3  ft.  wide,  and  shall  have  a  floor-plate  }  in.  thick, 
which  shall  be  punched  for  drainage.  The  balcony  shall  be  provided  with  a  suitable  railing, 
3  ft.  6  in.  high. 

28.  The  upper  parts  of  spherical  bottom. plates  shall  always  be  connected  on  the  inside  of  the 
cylindrical  section  of  the  tank. 

29.  In  order  to  avoid  eccentric  loading  on  the  tower  columns,  and  local  stresses  in  spherical 
bottoms,  the  connections  between  the  columns  and  the  sides  of  the  tank  shall  be  made  in  such  a 
manner  that  the  center  of  gravity  of  the  column  section  intersects  the  center  of  connection  between 
the  spherical  bottom  and  the  sides  of  the  tank.  Enough  rivets  shall  be  provided  above  this  inter- 
section to  transmit  the  total  column  load. 

30.  If  the  tank  is  supported  on  columns  riveted  directly  to  the  sides,  additional  material  shall 
be  provided  in  the  tank  plates  riveted  directly  to  the  columns  to  take  the  shear.  The  shear  may 
be  taken  by  providing  thicker  tank  plates,  or  by  reinforcement  plates  at  the  column  connections, 
while  bending  moments  shall  be  taken  by  upper  and  lower  fianee  angles. .  Connections  to  columns 
shall  be  made  in  such  a  manner  that  the  efficiency  of  the  tank  plates  shall  not  be  less  than  that 
of  the  vertical  seams. 

31.  For  high  towers,  the  columns  shall  have  a  batter  of  i  to  12.  The  height  of  the  tower 
shall  be  the  distance  from  the  top  of  the  masonry  to  the  connection  of  the  spherical  bottom,  or 
the  flat  bottom,  with  the  cylindrical  part  of  the  tank. 

32.  Near  the  top  of  the  tank  there  shall  be  provided  one  Z-bar  to  act  as  a  support  for  the 
painter's  trolley,  and  for  stiffening  the  tank.  Its  section  modulus  shall  not  be  less  than  D*l2$o, 
where  D  is  the  diameter  of  the  tank  in  feet.  If  the  upper  part  of  the  tank  is  thoroughly  held  by 
the  roof  construction,  this  may  be  reduced. 

33.  On  larce  tanks,  circular  stiffening  angles  shall  be  provided  in  order  to  prevent  the  plates 
from  buckling  during  wind  storms.  The  distance  between  the  angles  shall  be  determined  by  the 
formula: 

d  =  900  t^/D, 
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where  d  »  approximate  distance  between  angles,  in  feet; 
t  —  tnickness  of  tank  plates,  in  inches; 
D  =  diameter  of  tank,  m  feet. 

34.  The  top  of  the  tank  will  generally  be  covered  with  a  conical  roof  of  thin  plates;  and  the 
pitch  shall  be  i  to  6.  For  tanks  up  to  22  ft.  in  diameter,  the  roof  plates  will  be  assumed  to  be 
self -supporting.  If  the  diameter  of  the  tank  exceeds  22  ft.,  angle  rafters  shall  be  used  to  support 
the  roof  plates,  which  are  generally  \  in.  thick. 

Plates  of  the  following  thicknesses  will  be  assumed  to  be  self-supporting  for  various  diameters: 

f-  in.  plate,  up  to  a  diameter  of  18  ft. 
in.  plate,  up  to  a  diameter  of  20  ft. 
lAr  in*  plate,  up  to  a  diameter  of  22  ft. 

Rivets  in  the  roof  plates  shall  be  from  i  to  A  in.  in  diameter,  and  shall  be  driven  cold.  These 
rivets  need  not  be  headed  with  a  button  set. 

35.  A  trap-door,  2  ft.  square,  shall  be  provided  in  the  roof  plate.  Near  the  top  of  the  higher 
tanks,  there  shall  be  a  platform  with  a  railing,  for  the  safety  of  the  men  operating  the  trap-door. 

36.  There  shall  be  an  ornamental  finial  at  the  top  of  the  roof. 

37.  There  shall  be  a  ladder,  i  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above  the 
foundation  to  the  top  of  the  tank,  and  also  one  on  the  inside  of  the  tank.  Each  ladder  shal'  be 
made  of  two  2}  by  f  in.  bars  with  |  in.  round  rungs  i  ft.  apart.  On  large,  high  tanks,  30  fi.  or 
more  in  diameter,  a  walk  shall  be  provided  from  the  column  nearest  the  ladder  to  the  expansion 
joint  on  the  riser  or  inlet  pipe. 

38.  In  desi^ng  a  tank,  a  height  of  6  in.  shall  be  added  to  the  required  height  of  the  tank 
if  an  overflow  pipe  is  not  specified  by  the  owner. 

39.  Each  elevated  tank  shall  be  furnished  with  a  riser  or  inlet  pipe,  the  size  of  which  shall  be 
determined  by  the  rate  at  which  the  tank  must  be  filled.  The  size  of  the  riser  pipe  will  be  speci- 
fied by  the  owner.  The  outlet  pipe,  in  most  cases,  is  not  required,  as  the  riser  or  inlet  pipe  will 
serve  the  same  purpose,  but  it  shall  be  furnished  if  demanded  by  the  owner. 

40.  All  pipes  entering  the  tank  shall  have  cast-iron  expansion  joints  with  rubber  packing,  and 
facilities  for  tightening  such  joints.  The  expansion  joint,  generally,  shall  be  fastened  to  the 
bottom  of  the  tank  with  bolts  having  lead  washers.  The  tank  plates  shall  be  reinforced  where  the 
pipes  enter  the  tank. 

41.  All  pipes  entering  the  tank  shall  be  thoroughly  braced  laterally  with  adjustable  diagonal 
bracing  at  the  panel  points  of  the  tower. 

42.  The  diagonal  bracing  in  the  tower  shall  preferably  be  adjustable,  and  shall  be  calculated 
for  an  initial  stress  of  3,000  lb.  in  addition  to  wind  stresses,  etc. 

43.  The  size  and  number  of  the  anchor-bolts  in  the  tower  shall  be  determined  by  the  maxi- 
mum uplift  when  the  tank  is  empty.  The  anchor-bolts  in  the  tower,  where  the  maximum  uplift 
is  greater  than  10,000  lb.,  shall  be  fastened  directly  to  the  columns  with  bent  plates  or  similar 
devils.  In  all  other  cases  it  will  be  sufficient  to  connect  the  anchor-bolts  directly  to  the  base- 
plates. 

The  tension  in  anchor-bolts  shall  not  exceed  i5>ooo  lb.  per  sq.  in.  of  net  area.  The  minimum 
section  shall  be  limited  to  a  diameter  of  1}  in.  The  details  shall  be  made  so  that  the  anchor- 
bolts  will  develop  their  full  strength,  and,  at  the  lower  end,  they  shall  be  furnished  with  an  anchor- 
plate,  not  less  than  }  in.  thick,  to  assure  good  anchorage  to  the  foundation  without  depending  on 
the  adhesion  between  the  concrete  and  the  steel. 

44.  The  concrete  foundation  shall  be  assumed  to  have  a  weight  of  140  lb.  per  cu.  ft.,  and 
shall  be  sufficient  in  quantity  to  take  the  uplift,  with  a  factor  of  safety  of  ij.  ♦ 

A5.  Three-ply  frost-proof  casing  shall  be  provided,  if  necessary,  around  the  pipes  leading  to 
and  from  the  tank.  This  casing  shall  be  composed  of  two  layers  of  }  by  2}  in.  dressed  lumber, 
and  each  layer  shall  be  covered  with  tar  paper  or  tarred  felt,  and  one  outside  layer  of  }  by  2i  in. 
dressed  and  matched  flooring.  The  lumber  shall  be  in  lengths  of  about  12  ft.  There  shall  be  a 
I  in.  air  space  between  the  layers  of  lumber,  and  wooden  rings  or  separators  shall  be  nailed  to 
them  every  3  ft.  (In  very  cold  climates  it  is  good  practice  to  fill  the  space  between  the  pipes  and 
the  first  layer  of  lumber  with  hay  or  similar  matenal.)  The  frost  casing  may  be  square  or  cylin- 
drical; it  shall  be  braced  to  the  tower  with  adjustable  diagonal  bracing,  as  clescribed  for  pipes  in 
Section  41.  ^ 

46.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

47.  For  materials,  workmanship,  inspection,  painting,  and  testing,  see  Part  III;  for  founda- 
tions, see  Part  IV. 

Part  II.    Design  of  Stand-Pipes. 

Definition. — i.  A  stand-pipe  is  a  tank,  generally  cylindrical,  used  for  the  storage  of  water, 
oil,  etc.  Its  height,  in  most  cases,  is  considerably  greater  than  its  diameter;  it  has  a  flat  bottom, 
and  rests  directly  on  its  foundation. 
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2.  Stand-pipes  are  economical  only  in  special  cases:  where  their  capacity  is  more  important 
than  pressure,  or  where  local  conditions  are  such  that  an  elevated  tank  is  not  required. 

3.  Stand-pipes  for  the  storage  of  oil  are  an  exception.  These  are  generally  of  very  large 
diameter,  while  the  height  may  not  exceed  40  ft.;  they  are  usually  referred  to  as  tanks. 

4.  Stand-pipes  are  filled  and  emptied  through  pipes  connected  with  their  sides  or  bottom* 
and  are  provided  with  manholes  for  cleaning  purposes. 

5.  In  cold  climates  roofs  are  generally  omitted  on  stand-pipes  used  for  water  supply,  on 
account  of  the  formation  of  ice.  In  warmer  climates  there  may  be  roofs  in  order  to  prevent  the 
water  from  becoming  a  breeding  place  for  mosquitos,  flies,  etc.  Stand-pipes  used  for  the  storage 
of  oil  or  other  fluids  from  which  rain-water  is  to  be  excluded  should  always  be  roofed. 

Load8.-H5.  The  dead  load  shall  consist  of  the  weight  of  structural  and  ornamental  steel  work, 
and  the  roof  construction,  if  any. 

7.  The  live  load  shall  be  the  contents  of  the  stand-pipe,  the  movable  load  on  the  eventual 
roof,  and  the  wind  pressure. 

8.  The  eventual  live  load  on  the  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  200  lb.  con- 
centrated load  applied  at  any  point. 

9.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.  acting  in  any  direction.  The 
surfaces  of  cylindrical  stand-pipes  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the 
diameter  multiplied  by  the  height. 

10.  The  eventual  live  load  on  the  roof,  if  the  stand-pipe  is  roofed,  shall  not  be  considered  as 
acting  together  with  the  wind  pressure. 

Stresses. — 11.  Alt  parts  of  the  structure  shall  be  porportioned  so  that  the  sum  of  the  dead 
and  live  load  stresses  shall  not  exceed  the  stresses  given  in  Table  III. 

TABLE  III. 

Tension  in  plates  forming  ndes  or  bottom  of  stand-pipes 12,000  lb.  per  sq.  in.  of  net  area. 

Tension  in  roof  construction 16,000  lb.  per  sq.  in.  of  net  area. 

Compression  in  roof  construction 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  in  roof,  etc 12,000  lb.  per  sq.  in. 

Shear  on  field  rivets  (in  stand-pipe  plates)  and  bolts 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in. 

Bearing  pressure  on  shop  rivets 24,000  lb.  per  sq.  in. 

Bearing  pressure  on  field  rivets  (in  stand-pipe  plates) 18,000  lb.  per  sq.  in. 

12.  For  compression  members  in  the  roof  construction,  the  permissible  unit  stress  of  16,000 
lb.  shall  be  reduced  by  the  formula: 

p  «=  16,000  —  70  //r, 

where  P  »  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.; 

/  ">  length  of  member,  from  center  to  center  of  connections,  in  inches; 

r  a  least  radius  of  gyration  of  section,  in  inches.    The  ratio,  //r,  shall  never  exceed  180. 

13.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  25  per  cent  of  the  combined 
dead  and  live  loads. 

14.  The  average  permissible  pressures  on  masonry  shall  be  as  given  in  Table  II,  Part  I. 
Details  of  Constmction. — 15.  The  plates  forming  the  sides  of  the  stand-pipe  shall  be  of 

different  diameters,  so  that  the  courses  snail  lap  over  each  other,  inside  and  outside,  alternately. 

16.  The  joints  for  the  horizontal  seams  in  the  sides,  and  for  the  bottom  plates,  shall  pre- 
ferably be  lap  joints. 

17.  For  further  information  regarding  riveted  joints,  etc.,  see  Part  I,  Sections  16,  17,  18, 
and  19. 

18.  The  minimum  thickness  of  the  plates  forming  the  sides  shall  be  }  in.  and  A  in.  for  the 
bottom  plates,  except  for  oil  tanks  on  a  sand  foundation.  The  bottom  plates  for  ordinary  stand- 
pipes  shall  be  provided  with  tapped  holes,  1}  in.  in  diameter,  with  screw  plugs,  spaced  at  about 
4  tt.  centers,  to  permit  of  filling  with  cement  grout  on  top  of  the  foundation  of  the  masonry  while 
the  bottom  part  is  being  erected,  in  order  to  secure  proper  bearing. 

19.  Oil  tanks  of  large  diameter  are  generally  set  directly  on  a  sand  foundation,  and  do  not 
need  any  holes  in  the  bottom  plates  for  filling  beneath  with  cement  grout.  In  such  cases,  \  in. 
bottom  plates  will  be  sufficient. 

20.  The  bottom  plates  shall  be  connected  with  the  sides  by  an  angle  iron  riveted  Inside  the 
stand-pipe.  This  angle  iron  shall  be  bevel  sheared  for  caulking  along  both  legs.  For  the  caulking 
of  plates,  see  Part  I,  Sections  22  and  23. 

21.  On  the  side  and  near  the  bottom  there  shall  be  a  12  by  18  in.  manhole  of  elliptical  shape. 
In  the  same  manner,  or  on  the  bottom  plates,  flanges  shall  be  provided  for  the  connection  of 
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inlet  and  outlet  pipes  of  the  sizes  specified  by  the  owner.    All  openings  in  stand-pipes  shall  be 
properly  reinforced  by  forged  rings  or  plates. 

22.  For  stiffening  angles,  etc.,  see  Part  I,  Sections  32  and  33. 

23.  In  cases  where  a  roof  is  used  see  Section  5;  Section^  34,  35,  and  36  of  Part  I  should  also 
be  followed. 

24.  There  shall  be  an  outside  ladder,  i  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above 
the  foundation  to  the  top  of  the  stand-pipe.  The  ladder  shall  be  made  of  two  2)  by  }  in.  bars  with 
}  in.  round  run^s  i  ft.  apart.  An  inside  ladder  will  not  be  required.  (In  no  case  should  inside 
ladders  be  provided  on  stand-pipes  in  climates  where  ice  will  form.  Owners  of  oil  tanks  often 
specify  stairways  to  take  the  place  of  ladders.)  All  ladders  shall  be  able  to  sustain  a  concentrated 
load  of  at  least  800  lb. 

25.  Large  stand-pipes  for  oil  storage,  the  heights  of  which  are  very  small  compared  with 
their  diameter,  will  generally  be  set  directly  on  a  sand  foundation,  and  will  not  need  any  anchorage 
whatever,  as  the  overturning  moment  is  very  small  in  comparison  with  the  resisting  moment. 

26.  Stand-pipes  of  the  ordinary  type,  for  water  storage,  shall  be  set  on  concrete  foundations, 
and  shall  be  anchored  thoroughly  thereto  with  anchor-bolts  not  less  than  1}  in.  in  diameter, 
set  deep  enough  to  take  the  necessary  uplift,  and  provided  with  an  anchor  plate  not  less  than  }  in. 
thick  in  the  masonry.  All  anchor  bolts  shall  be  connected  directly  to  the  sides  of  the  stand-pipe 
with  bent  plates  or  similar  details.  The  unit  stress  in  anchor-bolts  shall  not  exceed  15,000  lb. 
per  sq.  in.  of  net  area.     See  Part  I,  Section  43. 

27.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

28.  For  materials,  workmanship,  inspection,  painting,  and  testing,  see  Part  III;  for  founda- 
tions, see  Part  IV. 


Part  III.    Materials,  Workmanship,  Inspection,  Painting,  and  Testing. 

Structural  Steel. — i.  The  steel  shall  be  made  by  the  open-hearth  process. 
2.  The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


Elements  considered. 

Structural  Steel. 

Rivet  Steel. 

-».        ,                   .            f  Basic 

0.04  per  cent 
0.06   "      " 
0.05   "      " 

0.04  per  cent 
0.04   "      " 
0.04   "      " 

Phosphorus,  maximum  <  *  .  j 

Sulphur,  maximum 

Ultimate  tensile  strength,  in  pounds  per  square  inch 

FlnriDAtinn:  minimum  n^rr^ntsko^  in  R  tn    Pia    T 

Desired 
00,000 
1,500,000 

Desired 
50,000 
1,500,000 

Elongation:  minimum  percentage  in  2  in.  Fig.  2 

Ultimate  tensile 

strength 

22 

Silky 

180°  flat 

Ultimate  tensile 
strength 

Silky 
l8o«  flat 

Character  of  fracture 

Cold  bends  without  fracture 

The  yield  point,  as  indicated  b>r  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

3.  If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that  desired,  a  re-test  shall  be 
made  on  the  same  gage,  which  to  be  acceptable,  shall  be  within  5,000  lb.  of  the  desired  ultimate. 

4.  Chemical  determination  of  the  percentages  of  carbon,  phosphorus,  sulphur,  and  manganese 
shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each 
melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 
Check  analyses  shall  be  made  from  finished  material,  if  called  for  by  the  purchaser,  in  which  case 
an  excess  of  25  per  cent  above  the  required  limits  will  be  allowed. 

5.  Specimens  for  tensile  and  bending  tests,  for  plates,  shapes,  and  bars,  shall  be  made  by 
cutting  coupons  from  the  finished  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig.  i;  or  with  edges  parallel;  or  th?y  may  be  turned  to  a  diameter 
of  }  in.  for  a  length  of  at  least  9  in.  with  enlarged  ends. 

6.  Rivet  rods  shall  be  tested  as  rolled. 

7.  Specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner  that  the 
center  ol  the  specimen  shall  be  i  in.  from  the  surface  of  the  bar.  The  specimen  for  the  tensile 
test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  the  bending  test  shall  be  i  in. 
by  }  in.  in  section. 

8.  Material  which  is  to  be  used  without  annealing  or  further  treatment  shall  be  tested  in  the 
condition  in  which  it  comes  from  the  rolls.    When  material  is  to  be  annealed,  or  otherwise  treated 
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before  use,  the  specimens  for  ten^Ie  test  representing  such  material  shall  be  cut  from  properly 
annealed  or  similarly  treated  short  lengths  of  the  full  section  of  the  bar. 

9.  At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt  of  steel  as  rolled. 
In  case  steel  differing  f  in.  and  more  in  thickness  is  rolled  from  one  melt  a  test  shall  be  made 
from  the  thickest  and  thinnest  material  rolled. 


About 


:^' 


H^Ai^Eu 


t 


lyfTl 


|Al*uta- 


-About  18^-— 

Fig.  I. 


Fig.  2. 


10.  For  material  less  than  A  in.  and  more  than  f  in.  in  thickness,  the  following  modifications 
will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  ^  in.  in  thickness  below  j^  in-i  ^  deduction  of  2}  from  the  specified  percentage 
will  be  allowed. 

{b)  For  each  |  in.  in  thickness  above  }  in.,  a  deduction  of  i  from  the  specified  percentage 
will  be  allowed. 

11.  Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes,  and  bafB  less 
than  I  in.  thick  shall  bend  as  called  for  in  Section  2. 

12.  Angles  I  in.  and  less  in  thickness  shall  open  flat,  and  angles  i  in.  and  less  in  thickness 
shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This  test  will  be  made 
only  when  required  by  the  inspector. 

13.  Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter  as  the  rivet  rod, 
shall  give  a  fndual  break  and  a  fine,  sill^,  uniform  fracture. 

14.  Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective  edges,  or 
other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width  and  less 
shall  have  rolled  edges. 

15.  Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of  the'manufacturer 
stamped  or  rolled  upon  it.  Steel  for  pins  shall  be  stamped  on  the  end.  Rivet  and  lattice  steel 
and  other  small  parts  may  be  bundled,  with  the  above  marks  on  an  attached  metal  tag. 

16.  Material  which,  subsequent  to  the  foregoing  tests  at  the  mills,  and  its  acceptance  there, 
develops  weak  spots,  brittleness,  cracks,  or  other  imperfections,  or  is  found  to  have  injurious 
defects,  will  be  rejected  at  the  shop,  and  shall  be  replaced  bv  the  manufacturer  at  his  own  cost. 

17.  A  variation  in  cross-section  or  wei^^ht  of  each  piece  of  steel  of  more  than  2}  per  cent  from 
that  specified  will  be  sufficient  cause  for  rejection,  except  in  cases  of  sh^uned  plates,  which  will  be 
covered  by  the  following  permissible  variations,  which  are  to  apply  to  single  plates: 

Plates  weighing  I2f  lb.  per  sq.  ft.  or  more: 

(a)  Up  to  100  in.  wide,  2|  per  cent  above  or  below  the  prescribed  weight; 

(b)  100  in.  wide  or  more,  5  per  cent  above  or  below. 
Plates  weighing  less  than  12}  lb.  per  sq.  ft.: 

Up  to  75  in.  wide,  2|  per  cent  above  or  below; 

75  in.,  and  up  to  100  m.  wide,  5  per  cent  above  or  3  per  cent  below; 

100  in.  wide  or  more,  10  per  cent  above  or  3  per  cent  below. 

18.  Plates  will  be  accepted  if  their  thickness  b  not  more  than  0.01  in.  less  than  that  ordered. 

19.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  Table  IV,  i  cu.  in.  of  rolled  steel  betng 
assumed  to  weigh  0.2833  lb. 

Cast  Iron. — 20.  Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough,  grav 
iron,  with  not  more  than  o.io  per  cent  of  sulphur.  They  shall  be  true  to  patterns,  out  of  wind, 
and  free  from  flaws  and  excessive  shrinkage.    If  tests  are  demanded,  tliey  shall  be  made  on  the 
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TABLE  IV. 


ThickM«.i]i 
Inches. 

Nominal  Weight  in 

Fbunds  per  Square 

Foot. 

Width  of  Plates.                                             | 

Up  to  75  In. 

75  In.  and  up  to 
100  In. 

100  In.  and  up  to 
115  In. 

1  r 
1  r 

More  than  | 

I0.20 

12.75 

iS-3 

17.85 

20.4 

22.95 

2SS 

10  per  cent 
8   "      " 

7  "     " 
6  "     " 

I   cc      « 

A       *•           ** 

3*  "     " 

14  per  cent 
12    «       " 
10    "       " 

8   "      " 

7   "      " 

4   "      " 

6  "     " 

.       t€           CC 

18  per  cent 
16   "      « 
13    "      " 
10   "      " 
9   ««      « 

8i   «      •* 

8   *'      " 

6J  "      " 

"Arbitration  Bar"  of  the  American  Society  for  Testing  Materials,  which  is  round  bar,  ij  in.  in 
diameter  and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  12  in.  with 
the  load  at  the  middle.  The  minimum  breaking  load  thus  applied  shall  be  2,900  Ibn  with  a 
deflection  of  at  least  tV  in.  before  rupture. 

Wofknumship,  Inspectiony  and  Painting. — 21.  All  parts  forming  the  structure  shall  be  built 
in  accordance  with  approved  drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best 
in  modem  shop  practice. 

22.  All  material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  which  will  not 
injure  it,  before  being  laid  off  or  worked  in  any  way. 

23.  The  shearing  shall  be  done  neatly  and  accurately,  and  all  portions  of  the  work  exposed 
to  view  shall  have  a  neat  and  uniform  appearance. 

24.  The  size  of  each  rivet,  called  for  by  the  plans,  shall  be  understood  to  mean  the  actual 
aze  of  the  cold  rivet  before  it  is  heated. 

25.  All  plates  and  shapes  shall  be  shaped  to  the  proper  curve  by  cold  rolling;  heating  or 
hammering  for  straightening  or  curving  will  not  be  allowed. 

26.  Plates  to  be  scarfed  may  be  heated  to  a  cherry-red  color,  but  not  hot  enough  to  ignite  a 
piece  of  dry  wood  when  applied  to  it.     Most  careful  attention  shall  be  paid  to  all  scarfing. 

27.  All  plates  or  shapes  shall  be  punched  before  being  bevel-sheared  or  planed  for  caulking. 

28.  All  screw  threads  shall  make  tight  fits  in  the  nuts  and  tumbucldes,  and  shall  be  United 
States  Standard,  except  for  diameters  j^reater  than  i{  in.,  when  they  shall  have  six  threads  per 
inch.    The  dimensions  of  screws  of  vanous  sizes  shall  be  as  follows: 

Diameter  of  screw  ends i  in.     li  in.     I J  in.     if  and  greater 

Number  of  threads  per  inch 8  7  7  6 

The  minimum  excess  at  the  root  of  the  thread  over  the  body  of  the  bar  shall  be  15  per  cent. 

The  shape  of  the  thread  shall  be  U.  S.  SUndard. 

TABLE  V. 
Standard  Upsets  for  Round  and  Square  Bars. 


Round  Baxv. 


Square  Bars. 


Bar. 


Upset. 


Bar. 


Upeet. 


Dtaxnetcr.  In  Inches. 


Diameter,  In  Indies. 


Side,  In  Inches. 


Diameter.  In  Inches. 


I 
li 

:! 

if 
If 

if 


It 
It 

If 

If 

2 

i\ 

2} 
*} 
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29.  The  diameter  of  the  die  used  in  punching  rivet  holes' shall  not  exceed  that  of  the  punch 
by  more  than  -ft  in.    All  rivet  holes  shall  be  punched,  except  as  stated  in  Part  I,  Section  19. 

30.  All  punched  and  reamed  bolts  shall  be  clean  cuts,  without  torn  or  ragged  edges.  The 
burrs  on  all  reamed  holes  shall  be  removed  by  a  tool,  countersinking  not  more  than  ^  in.  Any 
parts  of  the  structure  in  which  difficulties  may  arise  in  field  riveting,  shall  be  assembled  in  the 
shop  and  marked  properly  before  shipment. 

31.  Rivet  holes  shall  be  accurately  spaced;  eccentrically  located  rivet  holes,  if  not  sufficient 
to  cause  rejection  shall  be  corrected  by  reaming,  and  rivets  of  larger  size  shall  be  used  in  the 
holes  thus  reamed. 

32.  The  use  of  drift-pins  will  be  allowed  only  for  bringing  together  several  parts  forming 
part  of  the  structure;  force  will  not  be  allowed  to  be  used  in  drifting  under  any  circumstances. 

33.  The  use  of  sledges  in  driving  or  hammering  any  part  of  the  structure  will  not  be  allowed. 
Care  shall  be  taken  to  prevent  matenal  from  falling,  or  from  being  in  any  way  subjected  to  heavy 
shocks. 

34.  Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall 
be  used  in  preference  to  hand-driving.    All  rivet  heads  shall  be  concentric  with  the  holes. 

35.  All  caulking  shall  be  done  with  a  round-nosed  tool,  and  only  by  experienced  and  skilled 
men.  Caulking  around  rivet  heads  will  not  be  allowed.  All  leaky  rivets  shall  be  cut  out  and 
replaced  with  new  ones.    All  fractured  material  shall  be  replaced  free  of  cost  to  the  owner. 

^6.  If  the  owner  furnishes  an  inspector,  he  shall  have  full  access,  at  all  times  to  all  parts  of 
the  shop  where  material  under  his  inspection  is  being  manufactured. 

37.  The  inspector  shall  stamp  with  a  private  mark  each  piece  accepted.  Any  piece  not  thus 
marluKi  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  these 
specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  owner. 

Painting  and  Testing. — 38.  Before  leaving  the  shop,  all  steel  work  excepting  the  laps  in 
contact  on  the  tank  work,  shall  receive  one  coat  of  approved  paint  or  boiled  linseed  oil.  AU 
parts  which  will  be  inaccessible  after  erection  shall  be  well  painted,  except  as  stated  before. 

39.  After  the  structure  is  erected  and  all  seams  have  been  caulked,  it  shall  be  tested  for 
water-tightness,  and  leaky  places  shall  be  caulked  or  marked.  The  water  shall  then  be  dis- 
charged and  the  leaky  seams  shall  be  caulked.  Leaky  rivets  shall  be  treated  as  per  Section  35. 
After  the  structure  has  been  standing  empty  for  3  days  it  shall  be  retested,  and  then,  if  all  joints 
are  water-tight,  it  shall  be  given  one  coat  of  approved  paint  both  inside  and  outside  of  the  tank  or 
stand-pipe.  Painting  in  the  open  air  shall  never  be  done  in  wet  or  freezing  weather.  The  owner 
will  select  the  color  of  the  final  coat  of  paint. 

40.  The  contractor  shall  guarantee  the  tightness  of  the  tank,  or  stand-pipe,  against  leakage, 
when  filled  with  the  liquid  it  is  designed  to  contain. 

Part  IV.    Foundations  for  Elevated  Tanks  on  Towers,  and  for  Stand-Pifbs. 

1.  The  average  permissible  pressure  on  the  soil  is  as  follows: 

Soft  clay I  ton  per  sq.  ft. 

Ordinary  clay 2  tons  per  sq.  ft. 

Dry  sand  and  dry  clay 3  tons  per  sq.  ft. 

Hard  clay 4  tons  per  sq.  ft. 

Gravel  and  coarse  sand 6  tons  per  sq.  ft. 

2.  In  all  cases  a  thorough  investigation  of  the  ground  and  the  site  shall  be  made  before 
proceeding  ^th  the  foundations. 

3.  All  foundations  shall  be  carried  below  the  frost  line,  and  the  anchor-bolts  shall  be  placed 
deep  enough  to  develop  their  full  stren^h.^ 

4.  In  foundations  for  towers  with  inclined  legs  supporting  elevated  tanks  care  shall  be  taken 
that  the  piers  are  constructed  in  such  a  manner,  that  the  resultant  of  the  vertical  and  horizontal 
forces,  due  to  direct  loads,  passes  through  the  center  of  gravity  of  the  piers. 

5.  Foundations,  in  general,  shall  be  of  concrete  composed  of  i  part  Portland  cement,  3  parts 
sand,  and  5  parts  crushed  stone  or  gravel.  In  special  cases,  where  part  of  the  foundation  is 
under  water,  the  concrete  shall  be  a  i  12:4  mixture. 

Note. — ^For  specifications  for  mixing  and  placing  the  concrete  in  the  foundations,  see  Chap- 
ter V. 
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GENERAL  SPECIFICATIONS  FOR  STEEL  WATER  AND  OIL  TANKS.* 

1.  Scope  of  Spedflcaitioiis. — ^These  specifications  are  intended  for  steel  tanks  requiring  plates 
not  more  than  f  in.  thick. 

2.  Qoafity  of  MetaL — ^The  metal  in  these  tanks  shall  be  open-hearth  steel.  The  steel  shall 
conform  in  physical  and  chemical  properties  to  the  specifications  of  this  Association  for  steel 
bridges. 

3.  Loading. — ^The  weight  of  water  shall  be  assumed  to  be  63  lb.,  crude  oil  56  lb.,  and  creosote 
oil  66  lb.  per  cu.  ft.  Wind  pressure,  acting  in  any  direction,  shall  be  assumed  to  be,  in  pounds, 
30  times  the  product  of  the  height  by  two-thirds  of  the  diameter  of  the  tank  in  feet. 

A.  Unit  Stresses. — ^Unit  stresses  shall  not  exceed  the  following: 
(a)  Tenaon  in  plates,  15,000  lb.  per  eq.  in.  on  net  section. 
(6)  Shear  in  plates,  12,000  lb.  p^  sq.  in.  on  net  section. 

(c)  Shear  on  rivets,  12,000  lb.  per  sq.  in.  on  net  section. 

(d)  Bearing  pressure  on  field  rivets,  20,000  lb.  per  sq.  in. 

5.  C^mdxical  Sings. — ^Plates  forming  the  shell  of  the  tank  shall  be  cylindrical  an<f  Ok  different 
diaLn^eters,  in  and  out,  from  course  to  course. 

6.  Woffananship. — All  workmanship  shall  be  first-class.  All  plates  shall  be  beveled  on  all 
edges  for  caulking  after  being  punched.  The  punching  shall  be  from  the  surface  to  be  in  contact. 
Tht  plates  shall  be  formed  cold  to  exact  form  after  punchii^  and  bevelii^.  All  rivet  holes  shall 
be  accurately  spaced.  Drift  pins  shall  be  used  only  for  bringing  the  parts  together.  They  shall 
not  be  driven  with  enough  force  to  deform  the  metal  about  the  holes.  Power  riveting  and  caulking 
should  be  used.  A  heavy  yoke  or  pneumatic  bucker  shall  be  used  for  power  driven  rivets.  Rivet- 
ing shall  draw  the  joints  to  full  and  tight  bearing. 

7.  Caulking. — ^The  tank  shall  be  made  water  or  oil  tight  by  caulking  only.  No  foreign 
substance  shall  be  used  in  the  joints.  For  water  tanks,  the  caulking  shall  preferably  be  done 
on  the  inside  of  tank  and  joint  only;  but  for  oil  tanks  the  caulking  should  be  done  on  both  sides. 
No  form  of  caulking  tool  or  work  that  injures  the  abutting  plate  shall  be  used. 

8.  Mttitmiim  Thickness  of  Plates. — ^The  minimum  thickness  of  plates  in  the  cylindrical 
part  of  the  tank  shall  not  be  less  than  }  in.  and  in  flat  bottoms  not  less  than  ^  in.  In  curved 
bottoms  the  thickness  of  plate  shall  be  not  less  than  that  of  the  lower  plate  in  the  cylindrical  part. 

9.  HoiizotttBl  and  Radial  Joints. — Lap  joints  shall  generally  be  used  for  horizontal  seams 
and  sptices  and  for  radial  seams  in  curved  bottoms. 

10.  Vertical  Joints. — ^For  vertical  seams  and  splices,  lap  joints  shall  be  used  with  plates  not 
more  than  f  in.  thick.  With  thicker  plates,  double  butt  joints  with  inside  and  outside  straps 
shall  generally  be  used.  The  edge  of  the  plate  in  contact  at  the  intersection  of  horizontal  and 
vertic^  lap  joints  shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

11.  Riyets,  Siyet  Holes,  Punching  and  Pitch. — ^For  plates  not  more  than  |  in.  thick,  f  in. 
rivets  shall  be  used.  For  thicker  plates,  }  in.  rivets  shall  be  used.  The  diameter  of  rivet  holes 
shall  be  ^  in.  larger  than  the  diameter  of  the  rivets  used.  The  punching  shall  conform  to  the 
specifications  of  this  Association  for  such  work  on  steel  bridges.  A  close  pitch,  with  due  regard 
for  thickness  of  plate  and  balanced  stress  between  tension  on  plates  and  shear  on  rivets,  is  desirable 
for  caulking. 

12.  Tttik  Support* — ^If  the  tank  is  supported  on  a  steel  substructure,  the  latter  shall  con- 
form to  the  specifications  of  this  Association  for  the  manufacture  and  erection  of  steel  bridges, 
except  that  allowance  shall  be  made  for  wind  pressure,  but  not  for  impact. 

13.  Painting. — In  the  shop  the  metal  shall  be  cleaned  of  dirt,  rust  and  scale  and,  except  the 
surfaces  to  be  in  contact  in  the  joints  of  the  tank,  shall  be  given  a  shop  coat  of  paint  or  metal 
preservative  selected  and  applied  as  specified  by  the  company. 

After  being  completely  erected,  caulked  and  cleaned  of  dirt,  rust  and  scale,  all  exposed  metal 
work  shall  be  painted  or  treated  with  such  coat  or  coats  of  paint  or  metal  preservative  as  shall 
be  selected  by  the  railway  company. 

14.  Plans  and  Spedlications. — ^Under  these  specifications  and  in  conformity  thereto  the 
railway  company  shall  cause  to  be  prepared  or  shall  approve  detailed  plans  and  specifications  for 
such  tanks,  herein  specified,  as  it  shall  construct.  Such  plans  and  specifications  shall  cover  all 
necessary  tank  auxiliaries. 

REFBRENCBS.  Hazlehurst's  "  Towers  and  Tanks  for  Waterworks,"  second  edition,  1904, 
published  by  John  Wiley  &  Sons,  covers  the  desig^n  and  construction  of  steel  stand-pipes  and  steel 
elevated  tanks  on  steel  towers,  and  supplements  the  data  and  discussion  in  this  chapter.  Con- 
siderable data  on  the  design  and  construction  of  stand-pipes  and  elevated  tanks  on  towers  for 
railway  service  are  given  in  the  annual  reports  of  the  proceedings  of  the  American  Railway  En- 
gineering Association,  particular  reference  is  made  to  volume  11,  part  2;  volume  12,  part  3,  and 
vvdume  13. 

*  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  13,  1912. 


CHAPTER  XII. 
Structural  Drafting. 

Plans  for  Structures. 

Xatrodnctkm. — The  plans  for  a  structure  must  contain  all  the  information  necessary  for  the 
design  of  the  structure,  for  ordering  the  material,  for  fabricating  the  structure  in  the  shop,  for 
erecting  the  structure,  and  for  making  a  complete  estimate  of  the  material  used  in  the  structure. 
Every  complete  set  of  plans  for  a  structure  must  contain  the  following  information,  in  so  far  as 
the  different  items  apply  to  the  particular  structure. 

In  writing  this  chapter  the  instructions  of  many  bridge  companies  have  been  consulted; 
special  credit  being  due  the  instructions  prepared  by  the  American  Bridge  Company,  the  Penn- 
sylvania Steel  Company,  and  the  McClintic-Marshall  Construction  Company. 

1.  General  PlaiL — ^This  will  include  a  profile  of  the  ground;  location  of  the  structure;  ele- 
vations of  ruling  points  in  the  structure;  clearances;  grades;  (for  a  bridge)  direction  of  flow,  high 
water,  and  low  water;  and  all  other  data  necessary  for  designing  the  substructure  and  super- 
structure. 

2.  Stress  DiagranL — ^This  will  give  the  main  dimensions  of  the  structure,  the  loading,  stresses 
in  all  members  for  the  dead  loads,  live  loads,  wind  loads,  etc.,  itemized  separately;  the  total 
maxitaum  stresses  and  minimum  stresses;  sizes  of  members;  typical  sections  of  all  built  members 
showing  arrangement  of  material,  and  all  information  necessary  for  the  detailing  of  the  various 
parts  of  the  structure. 

3.  Shop  Drawings. — ^Shop  detail  drawings  should  be  made  for  all  steel  and  iron  work  and 
detail  drawings  of  all  timber,  masonry  and  concrete  work. 

4.  Fotmdatioii  or  Masoniy  Plan. — ^The  foundation  or  masonry  plan  should  contain  detail 
drawings  of  all  foundations,  walls,  piers,  etc.,  that  support  the  structure.  The  plans  should 
show  the  loads  on  the  foundations;  the  depths  of  footings;  the  spacing  of  piles  where  used;  the 
proportions  for  the  concrete;  the  quality  of  masonry  and  mortar;  the  allowable  bearing  on  the 
soil;  and  all  data  necessary  for  accurately  locating  and  constructing  the  foundations. 

5.  Erectton  Diagram. — ^The  erection  diagram  should  show  the  relative  location  of  every  part 
of  the  structure;  shipping  marks  for  the  various  members;  all  main  dimensions;  number  of  pieces 
in  a  member;  packing  of  pins;  size  and  grip  of  pins,  and  any  special  feature  or  information  that 
may  assist  the  erector  in  the  field.  The  approximate  weight  of  heavy  pieces  will  materially  assist 
the  erector  in  designing  his  falsework  and  derricks. 

6.  Folsewoxk  Plans. — ^For  ordinary  structures  it  is  not  common  to  prepare  falsework  plans 
in  the  office,  this  important  detail  being  left  to  the  erector  in  the  field.  For  difficult  or  important 
work  erection  plans  should  be  worked  out  in  the  office,  and  should  show  in  detail  all  members  and 
connections  of  the  falsework,  and  also  give  instructions  for  the  successive  steps  in  carrying  out 
the  work.  Falsework  plans  are  especially  important  for  conci^ete  and  masonry  arches  and  other 
concrete  structures,  and  for  forms  for  all  walls,  piers,  etc.  Detail  plans  of  travelers,  derricks, 
etc.,  should  also  be  furnished  the  erector. 

7.  Bills  of  Material. — Complete  bills  of  material  showing  the  different  parts  of  the  structure 
with  its  mark,  and  the  shipping  weight  should  be  prepared.  This  is  necessary  in  checking  up 
the  material  to  see  that  it  has  all  been  shipped  or  received,  and  to  check  the  shipping  weight. 

8.  Sivet  List — ^The  rivet  list  should  show  the  dimensions  and  number  of  all  field  rivets, 
field  bolts,  spikes,  etc.,  used  in  the  erection  of  the  structure. 

9.  list  of  Drawings.— A  list  should  be  made  showing  the  contents  of  all  drawings  belonging 
to  the  structure. 
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Structural  Drawings. 

METHODS. — ^Thc  drawings  for  structural  steel  work  differ  from  the  drawings  for  machinery 
in  that  (a)  two  scales  are  used,  one  for  the  length  of  the  member  or  the  skeleton  of  the  structure, 
and  one  for  the  details;  (b)  members  are  commonly  shown  by  one  projection;  and  (c)  the  drawings 
are  not  to  exact  scale,  all  distances  being  governed  by  figures. 

Two  methods  are  used  in  making  shop  drawings. 


i^>^j>_ 


^V-5* 


Fig.  I.    Truss  Joint,  Completely  Detailed. 


(i)  The  first  method  is  to  make  the  drawings  so  complete  that  the  templets  can  be  made 
for  each  individual  piece  on  the  bench.  This  method  is  used  for  all  large  trusses  and  members, 
and  where  there  is  not  room  to  lay  the  member  out  on  the  templet  shop  floor.  The  details  for  the 
joint  of  a  Fink  roof  truss  completely  detailed  are  shown  in  Fig.  i.  A  joint  of  a  roof  truss  of  the 
locomotive  shop  of  the  A.  T.  &  S.  F.  Ry.,  at  Topeka,  Kansas,  is  completely  detailed  in  Fig.  2. 

(2)  The  second  method  is  to  give  on  the  drawings  only  sufficient  dimensions  to  locate  the 
position  of  each  member,  the  number  of  rivets,  and  the  sizes  of  members,  leaving  the  details  to 
be  worked  out  by  the  templet  maker  on  the  laying-out  floor.  Sufficient  data  should  be  given 
to  definitely  locate  the  main  laying-out  points.  The  interior  pieces  should  be  located  by  center 
lines  corresponding  to  the  ^ge  lines  of  the  angles,  or  center  line  of  the  piece,  as  the  case  may  be. 
The  nvet  spacing  should  be  given  complete  for  members  detailed  on  different  sheets,  or  where 
it  is  necessary  to  obtain  a  required  clearance,  and  other  places  where  it  will  materially  assist  the 
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templet  maker.  The  drawings  should  indicate  the  number  and  anangement  of  the  rivets  in  each 
connection,  as  iveQ  as  the  maximum,  the  usual  and  the  minimum  rivet  pitch  allowed.  Sketch 
details  of  the  joint  which  was  completely  detailed  in  Fig.  i  are  shown  in  Fig.  3,  and  the  outline 
details  of  a  roof  truss  by  the  second  method  are  shown  in  Fig.  4. 


'  4jri5' 


,-.»-- 


Fig.  2.    Joint  of  Roof  Truss  Completely  Detailed. 
(Section  of  Shop  I>etails  of  Roof  Truss.) 


Members  may  be  detailed  in  the  position  which  they  are  to  occupy,  or  they  may  be  detailed 
separately.  For  riveted  trusses  and  riveted  members  the  entire  truss  or  member  should  be 
detailed  in  position.  The  detail  shop  plans  for  a  riveted  brace  are  shown  in  Fig.  5.  The  field 
rivets  are  shown  by  black  and  the  shop  rivets  by  open  circles.  The  center  lines  are  indicated  by 
dotted  lines.  Light  full  black  lines  are  c(unmonly  used  for  dimension  lines,  while  red  dimension 
lines  are  sometimes  used  but  do  not  make  as  good  blue  prints  as  black  lines. 

RULSS  FOR  SHOP  DRAWINGS.— The  following  rules  are  essentially  those  in  use  by 
the  best  bridge  and  structural  shops. 

Size  of  Sheet — ^The  standard  size  of  sheet  shall  be  24  X  36  in.  with  two  border  lines  \  and  I  in. 
from  the  edge  respectively,  see  Fig.  6.    Sheets  18  X  24  in.  with  two  border  lines  \  and  I  in. 
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from  the  edge  respectively,  may  also  be  used.  For  beam  sheets,  bills  of  material,  etc,  use  letter 
size  sheets  8}  X  ii  in. 

Title. — ^The  title  shall  be  arranged  uniformly  for  each  contract  and  shall  be  placed  in  the 
lower  right  hand  corner.  The  title  shall  contain  the  name  of  the  job,  the  description  of  the 
details  on  the  sheet,  the  number  of  the  sheet,  spaces  for  approval  and  other  information  as  shown 
in  Fig.  6. 

Scale. — ^The  scale  of  the  lengths  of  the  members  or  skeleton  of  the  structure  shall  be  i,  or  {, 
or  }  in.  to  I  ft.,  depending  upon  the  available  space  and  the  complexity  of  the  member  or  structure. 
Shop  details  shall  as  a  rule  be  made  f  or  i  in.  to  i  ft.  For  small  details  i|  and  3  in.  to  i  ft.  may 
be  used;  while  for  large  plate  girders  }  or  t  in.  to  i  ft.  may  be  used. 

Views  Shown. — Drawings  shall  be  neatly  and  carefully  made  to  scale.  Members  shall  be 
detailed  in  the  position  which  they  will  occupy  in  the  structure;  horizontal  members  being  shown 
lengthwise,  and  vertical  members  crosswise  on  the  sheet.     Inclined  members  (and  vertical  members 


Fig.  3.    Truss  Joint,  Sketch  Detailed. 


when  necessary  on  account  of  space)  may  be  shown  lengthwise  on  the  sheet,  but  then  only  with 
the  lower  end  on  the  left.  Avoid  notes  as  far  as  possible;  where  there  is  the  least  chance  for 
ambiguity,  make  another  view. 

In  truss  and  girder  spans,  draw  the  inside  view  of  the  far  truss,  left  hand  end.  Fig.  7.  The 
piece  thus  shown  will  be  the  right  hand,  and  need  not  be  marked  right.  In  cases  where  it  is 
necessary  to  show  the  left  hand  of  a  piece,  mark  "left-J|^and  shown"  ak>ngnde  the  shipping  mark. 

Show  all  elevations,  sections  and  views  in  their  proper  position,  looking  toward  the  member. 
Place  the  top  view  directly  above,  and  the  bottom  view  directly  below  the  elevation.  The  bottom 
view  should  always  consist -of  a  horizontal  section  as  seen  from  above. 

In  sectional  views,  the  web  (or  gusset  plate)  shall  always  be  blackened;  angles,  fillers,  etc., 
may  be  blackened  or  cross-hatched,  but  only  when  necessary  on  account  of  cteamess.     In  a  plate 
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girder,  for  example,  it  is  not  necessary  to  blacken  or  cross-hatch  all  the  fillers  and  stifFeners  in  the 
bottom  view. 

Holes  for  field  connections  shall  always  be  blackened,  and  shall,  as  a  rule,  be  shown  in  all 
elevations  and  sectional  views.  Rivet  heads  shall  be  shown  only  where  necessary;  for  example, 
at  the  ends  of  members,  around  field  connections,  when  countersunk,  flattened,  etc.  In  detailing 
members  which  adjoin  or  connect  to  others  in  the  structure,  part  of  the  latter  shall  be  shown  in 
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Fig.  5.    Shop  Detah^s  of  Brace. 
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Fig.  6.    Stakdasd  Shbbt  and  Titlb  fok  Structukal  Drawings. 


STRUCTURAL  DETAILS. 


395 


06 


g 


O 


o 


o 

& 

.9 

■  -< 


<J3 


*^ii^/ 


N,     [...4.—. J.. -J 


396 


STRUCTURAL  DRAFTING. 


Chap.  XII. 


>£^:te 


STRUCTURAL  DETAILS. 


397 


xm:. 


i 


I 


^ 


\ 


o 
en 


AM 


898 


STRUCTURAL  DRAFTING. 


Chap.  XIL 


dotted  lines,  or  in  red,  sufficiently  to  indicate  the  clearance  required  or  the  nature  of  the  connection. 
Plain  building  work  is  exempted  from  this  rule. 

A  diagram  to  a  small  scale,  showing  the  relative  position  of  the  member  in  the  structure, 
shall  appear  on  every  sheet.  Fig.  8  and  Fig.  9.  The  members  detailed  on  the  sheet  shall  be  shown 
by  heavy  black  lines,  the  remainder  of  the  structure  in  light  black  lines.  Plain  building  work  is 
exempt  from  this  rule. 

CONVENTIONAL  3IGN3  FOR  RIVEr3 
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Fig.  id.    Conventional  Signs  for  Rivets. 


When  part  of  one  member  b  detailed  the  same  as  another  member,  figures  for  rivet  spacing 
need  not  be  repeated;  refer  to  previous  sheet  or  sheets,  bearing  in  mind  that  these  must  contain 
final  information.  It  is  not  permissible  to  refer  to  a  sheet,  which  in  turn  refers  to  another  sheet.  The 
section,  finished  length,  and  the  assembling  mark  for  each  member  shall  be  shown  on  every  sheet. 
Main  dimensions  which  are  necessary  for  checking,  such  as  c.  to  c.  distances,  story  heights,  etc., 
shall  be  repeated  from  sheet  to  sheet.  Holes  for  field  connections  must  always  be  located  inde- 
pendently, even  if  figured  in  connection  with  shop  rivets;  they  shall  be  repeated  from  sheet  to 
sheet  unless  they  are  standard,  in  which  case  they  shall  be  identified  by  a  mark  and  the  sheet 
given  on  which  they  are  detailed. 

The  quality  of  material,  workmanship,  size  of  rivets,  etc.,  shall  be  specified  on  every  sheet  as 
far  as  it  refers  to  the  sheet  itself.    Standard  workmanship  need  not  be  specified  on  each  sheet. 

Lettering. — Engineering  News  lettering  as  developed  by  Reinhardt  in  his  book  on  freehand 
lettering  shall  be  used  on  all  drawings.  Preferably  main  ritles  and  sub-titles  shall  be  vertical 
and  the  remainder  of  the  lettering  inclined.  The  height  of  letters  shall  be  as  follows:  Main  titles — 
capitals  15/50  in.,  small  capitals  13/50  in.;  sub-titles— capitals,  full  height  lower  case  leUers  and 
numerals  5/20  in.,  lower  case  letters  3/20  in. ;  other  lettering— capitals,  full  height  lower  case  letters 
and  numerals  5/30  in.,  lower  case  letters  3/30  in.  Where  the  drawing  b  crowded  the  body  of  the 
lettering  may  be  5/40  in.  and  3/40  in.  respectively.    The  following  pens  are  recommended:    For 
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titles  Leonazdt  &  Co/s  Ball-Pointed  No.  516F;  for  all  other  lettering  Hunt  Pen  Co/s  extra  fine  Shot 
Point,  No.  513.  No  pen  finer  than  Gillott's  No.  303  should  be  used.  Light  pencil  guide  lines 
shall  be  drawn  for  all  lettering.  All  tracings  shall  be  made  on  the  dull  side  of  the  tracing  cloth. 
Erasures  shall  be  made  with  soft  rubber  pencil  eraser  and  a  metal  shield.  Rubber  erasers  con- 
taining sand  destroy  the  surface  of  the  cloth  and  make  it  difficult  to  ink  over  the  erased  spot. 
The  use  of  knives  or  steel  erasers  will  not  be  permitted.  Tracings  shall  be  cleaned  with  a  very 
soft  rubber  eraser,  and  not  with  gasolene  or  benzine,  which  destroy  the  finish  of  the  tracing  cloth. 
All  lines  shall  preferably  be  made  with  black  India  ink;  full  lines  to  represent  members,  dash  and 
dot  to  represent  center  lines,  and  dotted  lines  (or  full  light  black  lines)  to  represent  dimension 
lines.  If  permitted  by  the  chief  draftsman  red  ink  may  be  used  for  dimension  and  center  lines. 
The  ends  of  dimension  lines  shall,  however,  always  be  indicated  by  arrows  made  with  black 
ink. 

ConTentioiial  Signs. — Conventional  -signs  for  rivets  are  shown  in  Fig.  10.  Countersunk 
rivets  project  i  in.;  if  less  height  of  rivets  is  required,  drawings  shall  specify  that  they  are  to  be 
chipped,  or  the  maximum  projection  may  be  specified.  Flattened  heads  project  {  in.  to  A  in.; 
if  less  height  of  heads  is  required,  they  shall  be  countersunk.  Metals  in  section  shall  be  shown 
as  in  Fig.  1 1.    Standards  for  rivets  and  riveting  are  given  in  Part  II,  which  see. 

Mafkmg  System. — ^A  shipping  mark  shall  be  given  to  each  member  in  the  structure,  and  no 
dissimilar  pieces  shall  have  the  same  mark.  The  marks  shall  consist  of  capital  letters  and  num- 
erals, or  numerals  only;  no  small  letters  shall  be  used  except  when  sub-marking  becomes  absolutely 
necessary.  The  letters  R  and  L  shall  be  used  only  to  designate  "right"  and  "left."  Never  use 
the  work  "marked"  in  abbreviated  form  in  front  of  the  letter,  for  example  say,  3  Floorbeams  G4, 
and  not,  3  Floorbeams,  Mk.  G4.  Whenever  a  structure  is  divided  up  into  different  contracts  care 
should  be  taken  not  to  duplicate  shipping  marks.    Pieces  which  are  to  be  shipped  bolted  on  a 
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member  shall  also  have  a  separate  mark,  in  order  to  identify  them  should  they  for  some  reason 
or  another  become  detached  from  the  main  member.  The  plans  shall  specify  which  pieces  are 
to  be  bolted  on  for  shipment,  and  the  necessary  bolts  shall  be  billed.  For  standard  marking 
system  for  a  truss  bridge,  see  Fig.  7. 

A  system  of  assembling  marks  shall  be  established  for  all  small  pieces  in  a  structure  which 
repeat  themselves  in  great  numbers.  These  marks  shall  consist  of  small  letters  and  numerals 
or  numerals  only;  no  capital  letters  shall  be  used ;  avoid  prime  and  sub-marks,  such  as  Ma,  Pieces 
that  have  the  same  assembling  mark  must  be  alike  in  every  respect;  same  section,  length,  cutting 
and  punching,  etc 

Shop  Bins. — ^Shop  bills  shall  be  written  on  special  forms  |MX)vided  for  the  purpose.  When 
the  bills  appear  on  the  drawings  as  well,  they  shall  either  be  placed  close  to  the  member  to  which 
they  belong  or  on  the  right  hand  »de  of  the  sheet.  When  the  drawings  do  not  contain  any  shop 
bills,  these  shall  be  so  written  that  each  sheet  can  have  its  bill  attached  to  it  if  desired;  one  page  of 
shop  bills  shall  not  contain  bills  for  two  sheets  of  drawings.  In  large  structures  which  are  sub- 
divided into  shipments  of  suitable  size,  both  mill  and  shop  bills  must  be  written  separately  for 
each  shipment.  In  writing  the  shop  bill  bear  in  mind  that  it  shall  serve  as  a  guide  for  the  laying 
out  and  assembling  of  the  member,  besides  being  a  list  of  the  material  required.  For  this  reason 
members  which  are  radically  different  as  to  material  shall  not  be  bunched  in  the  same  shop  bill, 
neither  shall  pieces  which  have  different  marks  be  bunched  in  the  same  item,  even  if  the  material 
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is  the  same.  Bill  first  the  main  material  in  the  member,  and  follow  with  the  smaller  pieces,  begin- 
ning at  the  left  end  of  a  girder,  or  at  the  bottom  of  a  post  or  girder.  On  a  column  each  different 
bracket  shall  be  billed  complete  by  itself.  Do  not  bill  first  all  the  angles  and  then  all  the  flats; 
for  example  when  the  end  stiffeners  in  a  girder  are  billed,  the  fillers  belonging  to  them  shall  follow 
immediately  after  the  angles,  and  so  on. 

When  machine<finished  surfaces  are  required,  the  drawing  and  the  shop  bill  shall  specify  the 
finished  width  and  length  of  the  piece,  the  proper  allowance  for  shearing  and  planing  being  made 
in  the  mill  bill.  When  the  metal  is  to  be  planed  as  to  thickness,  the  drawing  and  the  shop  bill 
shall  specify  both  the  ordered  and  the  finished  thickness;  one  pi.  15in.Xlin.X1ft.6in.  (planed 
from  13/16  in.). 

Field  Rivets.— A  "  Bill  of  Field  Rivets"  shall  be  made  for  each  structure.  The  "  Bill  oi  Field 
Rivets*'  shall  give  in  order  the  number,  diameter,  grip,  length  and  the  location  of  the  rivets  in 
the  structure.  The  number  of  field  rivets  to  be  furnished  to  the  erector  shall  be  the  actual  number 
of  each  diameter  and  length  required,  plus  15  per  cent,  plus  10. 

Field  bolts  shall  be  billed  on  **  bill  of  rivets  and  bolts"  only.  Bill  them  similarly  to  field  rivets, 
and  give  the  drawing  number  on  which  they  are  shown;  4 — bolts  |  in.  X  2  in.  grip,  3  in.  U.  H. 
stringers  "S"  to  floorbeam  "F"  drawing  No.  13,  4  hex.  (or  4  square)  nuts  for  above  bolts.  Bill 
of  bolts  and  bill  of  field  rivets  shall  be  prepared  and  placed  in  the  shop  in  time  to  be  made  with 
other  material. 

General  Notes. — ^Full  information  regarding  the  following  points  shall  appear  on  the  drawings, 

where  practicable  as  "General  Notes."    Loading ,  Specifications ,  Material 

,  Rivets '. .,  Open  Holes ,  Reaming  Requirements ,  Other  Special 

Requirements ,  Painting. 

Erection  Plan. — Make  erection  plans  siftiultaneously  with  the  shop  plans,  and  keep  same  up 
to  date.  The  erection  plans  must  show  plainly  the  style  of  connections;  joints  in  pin  spans  are  to 
be  shown  separately  to  a  larger  scale.  For  the  erection  plan  of  a  truss  bridge  see  Fig.  7.  Shipping 
bills  showing  the  number  of  pieces,  erection  mark,  and  weight  shall  be  made  for  each  shipment. 

Sabdivisions. — ^Every  contract  embracing  different  classes  of  work  shall  have  a  subdivision 
for  each  class.  These  subdivisions  will  be  furnished  by  the  chief  draftsman.  Drawings,  shop 
and  shipping  bills  must  be  kept  separate  for  each  class. 

PLATE  GIRDER  BRIDGES.— General  Rules.— The  plate  girder  span  shall  be  laid  out 
with  regard  to  the  location  of  web  splices,  stiffeners,  cover  plates,  and  in  a  through  span,  floor- 
beams  and  stringers,  so  that  the  material  can  be  ordered  at  once.  Locate  splices  and  stiffeners 
with  a  view  of  keeping  the  rivet  spacing  as  regular  as  possible;  put  small  fractions  at  the  end  of 
girder.  Stiffeners,  to  which  cross-frames  or  floorbeams  connect,  must  not  be  crimped,  but  shall 
always  have  fillers.  The  outstanding  leg  shall  not  be  less  than  4  in.,  gaged  2f  in. ;  this  will  enable 
cross-frames  or  floorbeams  to  be  swung  into  place  without  spreading  the  girders.  The  second  pair 
of  stiffeners  at  the  end  of  girder  over  the  bed-plate  shall  be  placed  so  that  the  plate  will  project 
not  less  than  i  in.  beyond  the  stiffeners. 

Always  endeavor  to  use  as  few  sizes  as  possible  for  stiffeners,  connection  plates,  etc.,  and 
avoid  all  unnecessary  cutting  of  plates  and  angles.  For  thb  purpose  locate  end  holes  for  laterals 
and  diagonals  so  that  the  members  can  be  sheared  in  a  single  operation.  In  spans  on  a  grade, 
unless  otherwise  specified,  put  the  necessary  bevel  in  the  bed-plate  and  not  in  the  base-plate. 
In  short  spans,  say  up  to  50  ft.  put  slotted  holes  for  anchor-bolts  in  both  ends  of  girders,  {  in. 
larger  diameter  than  the  anchor  bolts. 

In  square  spans,  show  only  one-half,  but  give  all  main  dimensions  for  the  whole  span.  In 
skew  spans  show  the  whole  span;  when  the  paneb  in  one-half  of  span  are  same  as  in  the  other 
half,  give  the  lengths  of  these  panels,  but  do  not  repeat  rivet-qndng,  except  where  it  differs. 

In  the  small  scale  diagram,  which  shall  appear  on  every  sheet,  unless  span  is  drawn  in  full, 
show  the  position  of  stiffeners,  particulariy  those  to  which  cross-frames  or  floort)eams  connect. 

Deck  Plate  Girder  ^Mms.— On  top  of  sheet  show  a  top  view  of  span,  with  cross-frames, 
laterals  and  their  connections  complete,  with  the  girders  placed  at  right  distances  apart.    Below 
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this  view  show  the  elevation  of  the  far  girder  as  seen  from  the  inside,  with  all  field  holes  in  flanges 
and  stiffeners  indicated  and  blackened.  At  one  end  of  the  elevation  show  in  red  the  bridge-seat 
and  back  wall,  give  figures  for  distance  from  base  of  rail  to  top  of  masonry,  notch  of  ties,  depth 
of  girder,  thickness  of  base-plate  and  of  bed-plate  or  shoe.  When  the  other  end  of  girder  has  a 
different  height  from  base  of  rail  to  masonry,  give  both  figures  at  the  one  end,  and  specify  "for 
this  end"  and  "for  other  end."  If  span  has  bottom  lateral  bracing,  a  bottom  view  (horizontal 
section)  shall  be  shown  below  the  elevation.  When  no  bottom  laterals  are  required,  show  only 
end  or  ends  of  lower  flange  of  girder,  giving  detail  of  base-plate  and  its  connection  to  the  flange. 
Detail  the  bed-plate  separately,  never  show  it  in  connection  with  the  base-plate. 

Cross-frames  shall,  whenever  possible,  be  detailed  on  the  right  hand  of  the  sheet  in  line  with 
the  elevation.  The  frame  shall  be  made  of  such  depth  as  to  permit  it  being  swung  into  place  with- 
out interfering  with  the  heads  of  the  flange  rivets  in  the  girders.  Always  use  a  plate,  not  a  washer 
with  one  rivet,  at  the  intersection  of  diagonals.  In  skew  spans  it  is  always  preferable  to  have  an 
uneven  number  of  panels  in  the  lateral  system. 

Through  Plate  Girder  Spans. — Show  on  top  of  sheet  an  elevation  of  the  far  girder  as  seen  from 
inside;  below  this  view  show  a  horizontal  section  of  span  as  seen  from  above  with  the  lateral  system 
detailed  complete.  It  is  generally  best  to  show  floorbeams  and  stringers  in  red  in  this  view  and  to 
detail  them  on  a  separate  sheet.  The  stiffeners  in  a  through  span  should  always  be  arranged  so 
that  the  floor  system  can  be  put  in  place  from  the  center  towards  the  ends.  What  is  said  under 
"  deck  spans  "  about  showing  bridge-seat,  back  wall,  detailing  bed-plate  separately,  etc.,  applies 
to  through  spans  as  well. 

TRUSS  BRIDGES. — General  Rules. — Before  any  details  are  started  all  c.  to  c.  lengths  of 
chords,  posts,  diagonals,  etc.,  shall  be  determined,  and  sketches  made  of  shoes,  panel-points, 
splices,  etc.,  so  that  the  material  can  be  ordered  as  soon  as  required. 

If  not  otherwise  specified,  camber  shall  be  provided  in  the  top  chord  by  increasing  the  length 
I  in.  for  every  lo  ft.  for  railroad  bridges,  and  ^  in.  for  every  lO  ft.  for  highway  bridges.  This 
increase  in  length  shall  not  be  considered  in  figuring  the  length  of  the  diagonals,  except  in  special 
cases,  as  directed  by  the  engineer  in  charge.-  Half  the  increase  in  length  shall  be  considered  in 
figuring  the  length  of  the  top  laterals.  Particular  attention  must  be  paid  to  what  is  said  under 
"General  Rules'*  about  showing  part  of  adjoining  member  in  red,  and  about  the  small  scale  dia- 
gram on  every  sheet. 

For  every  truss  bridge  an  erection  diagram  shall  be  made  on  a  separate  sheet,  giving  the  ship- 
ping marks  of  the  different  members  and  all  main  dimensions,  such  as  c.  to  c.  trusses,  height  of  truss, 
number  and  length  of  panels,  length  of  diagonals,  distance  from  base  of  rail  to  masonry,  distance 
from  center  of  bottom  chord  or  pin  to  masonry,  size  and  grip  of  pins  (Fig.  7),  also  show  in  larger 
scale  the  packing  at  panel  points,  state  any  special  feature  which  the  erector  needs  to  look  out  for, 
and  give  approximate  weight  of  heavy  and  important  pieces  when  their  weight  exceeds  five  tons. 
If  in  any  place  it  is  doubtful  whether  rivets  can  be  driven  in  the  field,  the  erection  diagram  and 
also  the  detail  drawings  shall  state  that  "turned  bolts  may  be  used  if  rivets  cannot  be  driven." 
A  list  giving  number  and  contents  of  drawings  belonging  to  the  bridge  shall  also  appear  on  the 
erection  diagram  sheet. 

Riveted  Tmss  Bridges. — In  square  spans,  not  too  large,  show  the  left  half  of  the  far  truss  as 
seen  from  the  inside  and  detail  all  members  in  their  true  position,  making  scale  of  the  skeleton  one- 
half  the  scale  of  the  details.  In  skew  spans,  not  symmetrical,  show  the  whole  of  the  far  truss.  In 
large  spans  detail  every  member  separately.  When  detailing  web  members  bear  in  mind  that  the 
intersection  pmnt  on  the  chord  must  not  be  used  as  a  working  point  for  a  member  which  stops 
outside  of  the  chord.  A  separate  working  point,  preferably  the  end  rivet,  shall  be  established  on 
the  member  proper,  and  shall  be  tied  up  with  the  intersection  point  on  the  chord. 

The  clearance  between  the  chord  and  a  web  member  entering  same  shall,  whenever  possible, 
be  not  less  than  i  in.  in  heavy  and  -fts  in.  in  light  structures. 

Members  shall  be  marked  with  the  panel  points  between  which  they  go,  for  example,  end- 
post  Lr-Ui;  hip  vertical  Ur-Li;  top  chord  Ui-Utt  etc.,  see  Fig.  7. 
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Pin-connected  Trass  Bridges. — In  pin-connected  truss  bridges  detail  the  left  half  of  the  far 
truss  as  seen  from  the  inside,  every  member  by  itself.  It  is  generally  best  to  commence  with  the 
end-post,  showing  it  lengthwise  on  the  sheet  with  the  lower  end  to  the  left;  then  the  first  section 
of  the  top  chord,  and  so  on.  The  packing  at  panel  points  shall,  whenever  possible,  be  so  arranged 
that,  besides  the  customary  allowance  of  A  in-  for  every  bar,  a  clearance  of  not  less  than  |  in.  can 
be  provided  between  the  two  sides  of  the  chord.  When  two  or  more  plates  are  used,  A  in.  should 
in  addition  be  allowed  for  each  plate.  Members  shall  be  marked  the  same  as  for  riveted  truss 
bridges,  with  the  panel  points  between  which  they  go,  see  Fig.  7. 

Order  of  Detailing  Truss  Spans. — In  making  detail  plans  and  bills  of  material  the  following 
order  shall  be  followed  for  truss  spans. 

1.  General  drawing;  7.  Upper  laterals; 

2.  End-posts;  8.  Lower  laterals; 

3.  Upper  chords;  9.  Floorbeams; 

4.  Lower  chords;  lo.  Stringers; 

5.  Intermediate  posts;  li.  Castings,  bolts,  eye-bars,  pins,  etc 

6.  Sway  bracing; 

OFFICE  BUILDIlfGS  AND  STEEL  FRAME  BUILDIlfGS.— Number  of  Drawings.— The 
different  sheets  shall  be  numbered  consecutively,  whether  large  or  small.  No  half  numbers  are 
permissible  except  in  emergency  cases.  It  is  alwajrs  well  to  arrange  the  number  so  that  the  sheets 
follow  in  the  order  in  which  the  material  is  required  at  the  building.  The  following  is  generally 
a  good  order: 

I.  Floor  plans  for  all  floors; 

3.  Column  schedule; 

3.  Cast-iron  bases  for  columns; 

4.  Foundation  girders; 

5.  Foundation  beams; 

6.  First  tier  of  columns; 

7.  Riveted  girders,  connecting  to  first  tier  of  columns 

8.  Beams  connecting  to  first  tier  of  columns; 

9.  Miscellaneous  material  for  above; 
10.  Second  tier  of  columns,  etc.,  etc. 

Floor  Plans. — Floor  plans,  Fig.  13,  shall,  as  a  rale,  be  made  to  a  scale  }  in.  to  i  ft.  A  separate 
plan  shall  be  made  for  each  floor,  unless  they  are  exactly  alike.  Columns  shall  be  marked  consec- 
utively with  numerals,  the  word  Col.  always  appearing  in  front  of  the  numeral,  for  example. 
Col.  20.  The  architect  or  engineer  has  generally  on  his  drawing  adopted  a  system  of  marking  for 
the  columns,  which  should  be  adhered  to,  unless  altogether  too  impracticable.  Riveted  girders 
shall  be  indicated  with  two  (2)  fine  lines  when  they  have  cover  plates,  and  with  four  (4)  fine  lines 
when  they  have  no  cover  plates.  They  shall  be  marked  consecutively  with  numerals,  using  the 
same  marks  for  girders  which  are  alike.  Beams  and  channels  shall  be  indicated  with  one  single 
heavy  line.  They  shall  be  marked  the  same  as  girders,  with  numerals,  using  same  marks  when 
alike.  Tie-rods  shall  be  indicated  with  one  single  fine  line;  they  need  not  have  any  marks.  The 
marking  system  shall  be  as  uniform  as  possible  for  the  different  floors,  i.  e.,  a  beam  which  goes 
between  Col.  2  and  Col.  3  shall  be  marked  with  the  same  numeral  throughout  all  the  floors.  All 
figures  necessary  for  making  the  details  shall,  as  a  rale,  appear  on  the  floor  plan,  care  being  taken 
in  writing  same  to  leave  room  for  the  erection  marks,  which  must  be  printed  in  heavy  type  above 
the  line  or  lines  representing  a  beam  or  girder. 

Column  Schedule. — For  every  large  building  a  schedule  of  the  columns  shall  be  made  before 
the  details  are  started,  see  Fig.  13.  Each  column,  even  should  several  be  alike,  shall  have  a  separ- 
ate space,  in  which  shall  be  given  the  material  and  the  finished  length.  As  soon  as  the  detail 
drawings  for  one  tier  of  columns  are  finished  the  sheet  numbers  shall  be  inserted  as  shown  on  the 
sample  schedule,  Fig.  13,  making  the  schedule  serve  as  an  index  for  the  column  diawings. 
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Columns. — Columns  shall,  whenever  possible,  be  drawn  standing  up  on  the  sheets  as  they 
appear  in  the  building.  If  it  becomes  necessary  to  draw  them  lengthwise  on  the  sheet,  the  base 
shall  be  to  the  left.  Particular  attention  shall  be  paid  to  establishing  a  marking  system  for 
brackets,  splice-plates,  etc.    A  summary  of  all  these  standard  pieces  shall  be  made  for  each  tier 
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Fig.  12.    Floor  Plans  for  Office  Buildings. 

and  sent  to  the  shop  as  early  as  practicable,  in  order  that  they  may  be  gotten  out  before  the  main 
material  is  taken  up.  The  material  for  the  small  pieces  shall,  as  far  as  possible,  be  chosen  from 
stock  sizes.  Columns  shall  be  marked  with  the  numbers  of  the  floors  between  which  they  go; 
CoL  5  (1-3).  The  lower  tier  is  best  marked  "  Basement  Tier."  Standard  details  for  columns  are 
given  in  Fig.  14  and  Fig.  15. 

RiTeted  Girders. — Girders  shall  be  marked  with  the  number  of  the  floors,  not  with  letters, 
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unless  requested;  for  example,  2d  Floor,  No.  5.  What  is  said  under  columns  about  marking  system 
for  standard  pieces  applies  to  girders  as  well.  When  a  girder  is  unsymmetrical  about  the  center 
line,  and  a  question  may  arise  how  to  erect  it,  one  end  shall  be  marked  with  the  number  of  the 
colunm  to  which  it  connects,  or  with  North,  South,  East  or  West.    Girders  must  not  be  bunched 
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Fig.  13.    Column  Schedule  for  Office  Buildings. 

together  for  the  different  floors  more  than  to  meet  the  requirements  in  the  field;  but  they  must 
correspond  to  the  tiers  of  columns  as  they  will  be  erected. 

Beams. — Beams  shall  be  drawn  on  the  standard  forms  provided  for  the  purpose.  They 
need  not  be  drawn  to  scale,  see  Fig.  16  and  Fig.  17.  Beams  shall  be  marked  the  same  as  girders 
with  the  number  of  the  floor;  One  12"  I  @  40  lb.  X  19 -3i".  (Mark)  2d  Floor  No.  35.  What 
is  said  under  girders  about  marking  one  end,  when  not  symmetrical  around  the  center  line,  and 
about  not  bunching  the  different  floors  more  than  to  meet  the  requirements  in  the  field,  applies 
to  beams  as  wclL 

Whenever  possibleuse  standard  framing  angles,  Tables  1 17  and  118,  P^ut  11.  If  ttbdeemed 
necessary  to  use  6  in.  X  6  in.  angles,  punch  bothies  the  same  as  the  6  In.  leg  of  standard;  in  3}  in.  X 
3i  in.  or  4  in.  X  3i  in.  angles,  punch  both  legs  the  same  as  4  in.  leg  of  standard.    It  b  not  abso- 
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lutely  imperative  that  the  gage  of  the  framing  angles  shall  be  standard  as  long  as  the  vertical  distance 
between  the  holes  and  in  the  6  in.  leg  the  horizontal  distance  (2}  in.),  are  kept  standard.  Holes 
for  connections,  tie-rods,  etc.,  shall  be  located  from  one  end  of  the  beam,  preferably  the  left.  If 
one  end  rests  on  the  wall  and  the  other  end  is  framed,  then  figure  from  the  latter  end,  be  it  right 


tlaterial  in  Base . 

W  do.  xO'Ti' 
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TipL 


■/f/fo/es 


Fig.  14.    Standard  Details  for  Bbthlbhbu  H-Coluicns. 


or  left.  This  rule  may  be  dispensed  with  in  case  of  numerous  holes  regularly  spaced  in  web  or 
flange  for  connection  of  shelf-angles,  buckle-plates,  etc.  The  allowed  overrun  at  ends  of  beams 
must  always  be  indicated,  either  by  giving  figures  or  by  showing  wall  bearing.    Holes  at  the  end 
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Fig.  15.    Stamdakd  Dktails  fok  Built-op  H-CoLuiora. 
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Fig.  i6.    Standard  Details  for  Rolled  Beams. 
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of  beam  for  anchors  are  best  figured  from  wall  end,  not  connecting  them  with  other  figures.  The 
distance  between  end  holes  in  beams  which  connect  through  web  or  flange  to  columns,  girders,  etc., 
shall  always  be  given.  When  framing  angles  are  standard,  do  not  give  any  figures  for  either  shop 
or  field  rivets,  except  the  distance  from  bottom  of  beam  to  center  of  connection  or  to  first  holes  in 
framing  angle,  and  the  horizontal  distance  between  field  holes.  When  special  framing  angles  are 
used,  the  fact  must  be  noted  and  figures  given  for  gages,  etc.  For  standard  connection  holes  in 
web  of  beam  all  figures  required  are  the  distance  from  bottom  of  beam  to  centre  of  connection  or 
to  first  hole  and  the  horizontal  distance  between  holes.    Whenever  possible  use  standard  punching. 
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Fig.  17.    Standard  Details  for  Rolled  Beams. 

BRECnON  PLAN  FOR  MILL  BI7ILDINGS.~The  preceding  method  for  office  buildings 
will  need  considerable  modification  for  steel  frame  mill  buildings.  The  following  method  for 
making  erection  plans  lor  steel  frame  mill  buildings  has  been  found  very  satisfactory. 

If  the  points  of  the  compass  are  known,  mark  all  pieces  on  the  north  side  with  the  letter,  N, 
those  on  the  south  with  the  letter.  S,  etc  Mark  girts  N.G.i ;  N.G.2;  etc.  Mark  all  posU  with  a 
different  number,  thus:  N.P.i;  N.P.2;  etc.  Mark  small  pieces  which  are  alike  with  the  same 
mark;  this  would  usually  include  everything  except  posts,  trusses  and  girders,  but  in  order  to 
follow  the  general  marking  scheme,  where  pieces  are  alike  on  both  sides  of  a  building,  change  the 
general  letter;  e.  g.,  N.G.7  would  be  a  girt  on  the  north  side  and  S.G.7  the  same  girt  on  south  side. 
Then  in  case  the  north  and  south  sides  are  alike,  only  an  elevation  of  one  side  need  be  shown,  and 
under  it  a  note  thus:  "Pieces  on  south  side  of  building,  in  corresponding  positions  have  the  same 
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Fig.  i8.    Standard  Details  for  Anco^b  Struts. 
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number  as  on  this  side,  but  prefixed  by  the  letter,  S,  instead  of  the  letter,  N."    Mark  trusses 
T.i;  T.2;  etc.     Mark  purlins  R.i;  R.2;  etc. 

^  The  above  scheme  will  necessarily  have  to  be  modified  more  or  less  according  to  circum- 
stances; for  example,  where  a  building  has  different  sections  or  divisions  applying  on  the  same  order 
number,  in  which  case  each  section  or  division  should  have  a  distinguishing  letter  which  should 
prefix  the  mark  of  every  piece.  In  such  cases  it  will  perhaps  be  well  to  omit  other  letters,  such  as 
N.,  S.,  etc.,  so  that  the  mark  will  not  be  too  long  for  easy  marking  on  the  piece.  In  general, 
however,  the  scheme  should  be  followed  of  marking  all  the  larger  pieces,  whether  alike  or  not, 
with  a  different  mark.  This  would  refer  to  pieces  which  are  liable  to  be  hauled  immediately  to 
their  places  from  the  cars.     But  for  all  smaller  pieces  which  are  alike,  give  the  same  mark. 

DETAIL  NOTES. — Sections. — End  views  of  sections  shall  be  shown  as  in  (a)  Fig.  19,  and 
sections  shall  be  cross-hatched  or  blackened  as  shown  in  (b)  Fig.  19. 

Assembling  Note. — Covers,  webs,  flange  angles,  etc.,  must  not  be  marked  alike  when  it 
would  be  necessary  to  turn  them  end  for  end,  see  (c)  Fig.  19. 

Rivet  Spacing. — Rivet  spacing  must  be  tied  up  from  end  to  end. 


^1 


■^-rr 


(a) 


(b) 


/-/■L5i3i'xixZ0-(fb8 


tmniiimErjiiiM.iTTTtiiKiim: 


(C) 

Fig.  19. 

Connection  Plates. — In  detailing  connection  plates  wherever  bevel  for  holes  on  lines  "b," 
(d)  and  (e)  Fig.  19,  is  different,  spacing  for  holes  on  lines  "a"  should  be  made  different  to  prevent 
plates  from  being  interchanged. 

Writing  Angles.— In  writing  angles  give  the  longer  leg  first.  i-L  6"  X  4"  X  J"  X  lo'-oj''. 

Writing  Plates. — In  writing  plates  the  width  of  the  plate  is  given  in  inches,  the  thickness  in 
inches,  and  the  length  in  ft.  and  in.;  2-PI.  48"  X  I"  X  15'-^)}".  A  length  of  9  in.  should  be 
written  o'-9"  and  not  9".  The  width  of  a  plate  is  the  dimension  at  right  angles  to  the  length 
of  the  member,  while  the  length  of  a  plate  is  the  dimension  parallel  to  the  length  of  the  member 
to  which  the  plate  is  attached;  except  that  for  lacing  bars,  tie  plates  and  other  universal  mill 
plates  6  inches  and  less  in  width  the  least  dimension  is  taken  as  the  width  of  the  member,  and 
for  splice  plates  the  width  is  the  dimension  at  right  angles  to  the  splice. 

Writing  Sections. — ^Sections  are  written  as  follows:  i-I  12"  @  40  lb.  X  i^'-ik"* 

MiflceUaneoos. — ^Bevels  may  be  shown  as  so  many  inches  in  12",  (a)  Fig.  20;  or  where  con- 
venient the  total  lengths  may  be  given  as  in  (b)  Fig.  20.  The  latter  method  is  the  better  as  it 
assists  the  checker  and  the  templet  maker. 

The  maximum  amount  that  one  leg  of  an  angle  can  be  bent  is  45^  For  a  greater  bend  than 
45**  a  bent  plate  shall  be  used,  (c)  Fig.  20. 

The  center  to  center  length  of  stiff  laterals  should  be  not  less  than  ^  in.  short. 

Do  not  use  2  sixes  of  rivets  in  the  same  kg,  or  same  angle,  or  same  piece  unless  absolutely 
necessary. 
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Where  unequal  l^ged  angles  are  used  mark  the  width  of  one  1^  of  the  an^fle  on  the  leg. 

Where  heavy  laterals  are  spliced  in  the  middle  by  a  plate,  ship  the  plate  riveted  to  one  angle 
only. 

Do  not  countersink  rivets  in  long  pieces  unless  absolutely  necessary. 

Do  not  draw  any  more  oi  a  member  than  necessary,  and  do  not  dimension  the  same  piece 
several  times. 

Revisiiig  Drawings. — ^When  drawings  have  been  changed  after  havii^  been  first  approved, 
they  must  be  marked,  Revised  (give  date  of  revision). 


Fig.  20. 


Measuring  An^es. — ^All  measurements  on  angles  are  to  be  made  from  the  back  of  the  angle, 
and  not  from  the  edge  of  the  flange.  The  center  to  center  distance  between  open  holes  should 
always  be  given  for  each  piece  that  is  shipped  separate,  in  order  that  the  inspector  can  check  the 
piece. 

Width  of  An^es. — ^The  widths  of  the  legs  of  angles  are  greater  than  the  nominal  widths, 
unless  the  angle  has  been  rolled  with  a  finishing  roll.  The  over-run  for  each  leg  is  equal  to  the 
nominal  width  of  the  leg  plus  the  increase  in  thickness  of  leg  made  by  spreading  the  rolls.  For 
example  finishing  rolls  are  used  for  rolling  3"  X  3"  angles  with  a  thickness  of  }'^  The  actual 
length  ci  the  leg  of  a  3"  X  3"  angle  is  as  follows:  angle  3"  X  3"  X  i".  leg  3";  angle  3"  X  3"  X  A", 
leg  3A":  angle  3"  X  3"  X  I",  leg  3*";  angle  3"  X  3"  X  i",  leg  3i";  angle  3"  X  3"  X  f". 

leg  31". 

The  over-run  of  Pencoyd  angles  are  given  in  Table  27,  Part  11;  and  the  over-run  of  Pennsyl- 
vania Steel  Company's  angles  are  given  in  Table  28,  Part  II. 

POINTS  TO  BE  OBSERVED  IN  ORDER  TO  FAdLTTATE  ERECTION.— The  first 
consideration  for  ease  and  safety  in  erection  should  be  to  so  arrange  all  details,  joints  and  con- 
nections that  the  structure  may  be  connected  and  made  self-sustaining  and  safe  in  the  shortest 
time  possible.  Entering  connections  of  any  character  should  be  avoided  when  possible,  notably 
on  top  chords,  floorbeam  and  stringer  connections,  splices  in  girders,  etc.  When  practicable, 
joints  should  be  so  arranged  as  to  avoid  having  to  put  members  together  by  entering  them  on  end, 
as  it  is  often  impossible  to  get  the  necessary  clearance  in  which  to  do  this.  In  all  through  spans 
floor  connections  should  be  so  arranged  that  the  floor  system  can  be  put  in  place  after  the  trusses 
or  girders  have  been  erected  in  their  final  position,  and  vice  versa,  so  that  the  trusses  or  girders 
can  be  erected  after  the  floor  system  has  been  set  in  place.  All  lateral  bracing,  hitch-plates,  rivets 
in  laterals,  etc.,  should,  as  far  as  possible,  be  kept  clear  of  the  bottoms  of  the  ties,  it  being  expensive 
to  cut  out  ties  to  clear  such  obstructions.  Lateral  plates  should  be  shipped  loose,  or  bolted  on 
so  that  they  do  not  project  outside  of  the  member,  whenever  there  is  danger  of  their  being  broken 
off  in  unloading  and  handling.  Loose  fillers  should  be  avoided,  but  they  should  be  tacked  on  with 
rivets,  countersunk  when  necessary. 

In  elevated  railroad  work,  viaducts  and  similar  structures,  where  longitudinal  girders  frame 
into  cross  girders,  shelf  angles  should  be  provided  on  the  latter.    In  these  structures  the  expansion 


412 


STRUCTURAL  DRAFTING. 


Chap.  XII. 


m- 


t:::±r.: 


f^-v 


Wf^^^^ 


"b^'shoMbe  at  hasti'm/i'iFpossHJe. 
'^c'shoMbe  at  least  ^'^ 


Ckarance 
mustbe/aye 
enough  to  per^ 
m/t  access  to  Insiae  for 
rivet/ng* 
^  At  "X^cutf/anges 

square  a$  shorn  by  Full  line  andnotbevd" 
ed  as  shown  by  dotted  Une  * 


/Cksra/Tce' 
Clearance 

Clearance  ''d^shofdd  be -^ plus  j^  for  each  addfthnal 
webp/ate  when  more  than  two  are  in  chord* 


i 


I  ii 

'^  1    II 


I 

! " 


cfe 


.1" 


^ 


HiL 


Cfearanct  ''9''shoufJ/mw ig/eaa 


Oearance  "* f ''should be i'when   /A 
possible  but  speclflcathns  may  call  lor j[' ^  ^^ 

F 

1 


!   vt^--^^ 


Clearance  *^g ''should be  about  j^', 
netmrless* 


Clearance  "k^shouldneverbekssthanli 


Fig.  31.    Clbarancb  Standards.    American  Bridge  Coicpant. 
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Fig.  22.    Clbarancb  Standards.    American  Bridge  Company. 
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Fig.  23.    Stamdakds  for  Lacing  Bars.    Ambrican  Bridge  Company. 
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joints  should  be  so  arranged  that  the  rivets  connecting  the  fixed  span  to  the  cross  girder  can  be 
driven  after  the  expansion  span  is  in  place.  In  viaducts,  etc.,  two  spans,  abutting  on  a  bent, 
should  be  so  arranged  that  either  span  can  be  set  in  place  entirely  independent  of  the  other.  The 
same  thing  applies  to  girder  spans  of  different  depth  resting  on  the  same  bent.  Holes  for  anchor- 
bolts  should  be  so  arranged  that  the  holes  in  the  masonry  can  be  drilled  and  the  bolts  put  in  place 
after  the  structure  has  been  erected  complete. 

In  structures  consisting  of  more  than  one  span  a  separate  bed-plate  should  be  provided  for 
each  shoe.  This  is  particularly  important  where  an  old  structure  is  to  be  replaced;  if  two  shoes 
were  put  on  one  bed  plate  or  two  spans  connected  on  the  same  pin,  it  would  necessitate  removing 
two  old  spans  in  order  to  erect  one  new  one.  In  pin-connected  spans  the  section  of  top  chords 
nearest  the  center  should  be  made  with  at  least  two  pin-holes.  In  skew  spans  the  chord  splices 
should  be  so  located  that  two  opposite  panels  can  be  erected  without  moving  the  traveler.  Tie 
plates  should  be  kept  far  enough  away  from  the  joints  and  enough  rivets  should  be  countersunk 
inside  the  chord  to  allow  eye-bars  and  other  members  being  easily  set  in  place.  Posts  with 
channels  or  angles  turned  out  and  notched  at  the  ends  should  be  avoided  whenever  possible. 

ORDBRING  MATERIAL.— ^Bridge  Work. — Ordinarily  plates  less  than  48  in.  wide  are 
ordered  U.  M.  (universal  mill  or  edge  plates),  but  when  there  is  no  need  for  milled  edges  and 
prompt  delivery  is  essential  specify  either  U.  M.  or  sheared.  Never  order  widths  in  eighths. 
Flats  and  universal  (edge)  plates  over  4  in.  in  width  should  be  ordered  in  even  inches,  flats  under 
4  in.  should  be  ordered  by  }  in.  variation  in  width.  Flats  i  in.  and  under  in  thickness  are  very 
difficult  to  secure  from  the  mills  and  should  be  avoided  if  possible. 

Rolling  mills  are  allowed  a  variation  of  i  in.  in  width  of  plates,  over  or  under,  and  a  variation 
of  i  in.  in  length,  over  or  under,  from  the  ordered  width  or  length.  Rolling  mills  are  allowed  a 
variation  of  }  in.  over  or  under  the  ordered  length  of  beams,  channels,  angles,  zees,  etc.  An 
extra  price  is  charged  for  cutting  to  exact  length.    See  Chapter  XIII. 

Allow  -ft  in.  in  thickness  for  planing  plates  2  ft.  6  in.  square  or  less,  i  in.  for  plates  more  than 
2  ft.  6  in.  square,  and  i  in.  for  columns;  chords  and  girders  which  have  milled  ends  are  ordered 
i  in.  longer  than  the  finished  dimensions. 

Web  plates  should  be  ordered  }  in.  less  than  the  back  to  back  of  flange  angles  unless  a  less 
clearance  is  specified.  Web  plates  should  preferably  be  ordered  in  even  inches  and  the  distance 
back  to  back  of  angles  made  in  fractions. 

When  angles,  beams  or  channels  are  bent  in  a  circle  allow  9  in.  to  12  in.  for  bending. 

Bent  plates  should  be  ordered  to  the  length  of  the  outside  of  the  bend. 


Fig.  24.    Beams  Between  Columns. 

Large  gusset  plates,  large  plates  with  angle  cuts,  etc.,  should  be  ordered  as  sketch  plates, 
when  the  amount  of  waste  if  ordered  rectangular  will  exceed  20  per  cent.  Mills  will  not  make  re- 
entrant cuts  in  plates  or  shapes. 

In  ordering  lacing  bars  add  ^  in.  to  the  finished  length  and  order  in  multiple  lengths. 

ORDBRING  MATERIAL.— Building  Woik.— Order  beams  in  foundation  neat  length. 

Order  beams  framing  into  beams  {  in.  short  for  each  end,  see  Fig.  24. 
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Order  main  column  material  }  in.  long  for  milling  both  ends  (this  takes  care  of  permissible 
variation  in  length  of  plus  or  minus  i  in.  as  well  as  the  milling). 

Order  girder  flange  angles  and  plates  i  in.  long. 

Order  girder  web  plates  }  in.  short,  where  end  connections  are  used. 

Order  girder  web  plates  neat  length,  where  end  connections  are  not  used. 

Order  girder  web  plates  }  in.  less  in  width  than  back  of  flange  angles. 

Order  stiflPener  angles  }  in.  long. 

Order  fillers  under  stiffeners  neat  length. 

Add  A  in.  to  each  lacing  bar  and  order  in  multiple  lengths. 

SHAPES  AND  PLATES  MOST  EASILY  OBTAINED.— The  ease  with  whkh  different 
commercial  sizes  of  shapes  and  plates  may  be  obtained  from  the  rolling  mill  varies  with  the  mill 
and  with  the  demand.  Where  any  section  is  in  demand  rollings  are  frequent  and  the  orders  are 
promptly  filled,  while  the  order  for  a  section  not  in  demand  may  have  to  wait  a  long  time  until 
sufficient  orders  have  accumulated  to  warrant  a  special  rolling. 

The  following  list  of  plates  and  sections  is  fairly  accurate,  the  list  varying  from  time  to  time. 

Plates. — Plates  most  easily  obtained. 

Width.  ThickneH,  Width.  ThkkaeH. 

In.  In..  In.  In. 

ij  A  and  J  5  J  and  up 

if  ^  and  }  6  i  and  up 

'  2  A  and  }  7  }  and  up 

2}                           i  and  up  8  i  and  up 

2i                           }  and  up  9  i  and  up 

3  }  and  up  lo  i  and  up 
3I                            }  and  up  12  }  and  up 

4  i  and  up  14  i  and  up 

Over  14  in.  in  width  it  is  immaterial  what  width  of  plate  is  specified. 

Squares  and  Rounds. — Squares  and  rounds  most  easily  obtained. 

Rounds,  r,  i",  i".  I",  li",  iJ". 

Squares.  }".  i".  i".  li",  iJ". 

All  other  sizes  are  liable  to  cause  delay. 

Beams. — ^Sizes  of  I-Beams  which  can  be  obtained  most  readily. 

Depth.  Wdght. 

6"  12J  lb. 

8"  18    lb.2oilb. 

10"  25    lb.  30   lb. 

12"  3iilb.35    lb.    40  lb. 

15"  42    lb.  50   lb.    60  lb. 

18"  55   lb.  60   lb.    70  lb. 

20"  65   lb.  80   lb. 

24''  80   lb.  90   lb.  100  lb. 

Sizes  of  I-Beams  which  may  be  used  but  for  which  prompt  deliveries  may  not  be  expected. 
Depth.  Wdght. 

5"  9f  lb. 

r  15    lb. 

g"  21    lb.  25  lb. 

Beams  of  weights  different  from  the  above  can  always  be  obtained  from  the  mills  bat  not  so 
readily  as  those  given.  Beams  of  minimum  section  can  always  be  obtained  more  readOy  than 
heavier  sections. 
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Channels. — Channels  which  can  be  most  readily  obtained  from  the  mills. 
Depth.  Weight. 

6"  8    lb. 

8"  Hi  lb.  1811b. 

lo"  15    lb.  20    lb.  25  lb. 

12"  20}  lb.  25    lb.  30  lb. 

15"  33    lb.  40    lb.  50  lb. 

Sizes  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Depth.  Weight. 

5"  6J  lb. 

7"  9i  lb. 

9"  I3i  lb. 

Channels  of  weights  different  than  those  given  above  can  always  be  obtained  at  the  mills 
but  not  so  readily  as  those  given.  Channels  of  minimum  section  can  always  be  obtained  more 
readily  than  heavier  sections. 

Angles. — ^Angles  most  easily  obtained  from  the  mill. 
Even  legs.— 2j"  X  2J";  3"  X  3";  3i"  X  3i";  4"  X  4";  6"  X  6". 
Uneven  legs.— 2J"  X  2";  3"  X  2i";  3i"  X  3";  4"  X  3";  5"  X  3*";  6"  X  4". 
Angles  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Even  legs.— 2"  X  2";  2i"  X  2i";  5"  X  5";  8"  X  8". 
Uneven  legs.— 3"  X  2";  3i"  X  2i";  4"  X  3i";  6"  X  3i". 
Angles  4"  X  ii";  5"  X  4";  7"  X  3i"  and  8"  X  6"  are  very  difficult  to  obtain. 
To  obtain  prompt  deliveries  as  few  sizes  and  shapes  as  practicable  should  be  used  for  any 
contract.    For  example  if  6"  X  4"  angles  are  used  6"  X  3i"  should  be  avoided,  and  vice  versa. 
Tees.— If  possible  the  use  of  Tees  should  be  confined  to  3"  X  3"  X  I"  and  2"  X  2"  X  A", 
and  even  these  sizes  are  uncertain  of  delivery. 

Zees. — ^The  delivery  of  zees  is  uncertain  and  will  depend  upon  special  rollings,  which  do  not 
occur  frequently.    The  following  sizes  are  the  most  used,  and  are  therefore  most  easily  obtained. 
Web.  ThickiMH. 

3"  '  I".  A"  and  I"      . 

4"  I".  A"  and  f " 

5"  A",  rand  J" 

6"  I",  i",  f",  i",  V  and  I" 

Stock  Material. — ^The  Pennsylvania  Steel  Company  carries  the  following  material  in  stock 
in  30  ft.  lengths  for  use  in  its  structural  plant. 

Angles.  Even  Legs.  Angles,  Uneven  Legs. 

6"  X  6"  X  A"  and  i"  6"  X  4"  X  I".  A"  and  §" 

4"  X  4"  X  f"  and  A"  5"  X  3*"  X  I".  A"  and  J" 

3i"  X  3i"  X  I"  and  A"  4"  X  3i"  X  A"  and  |" 

3"  X  3"  X  A",  f "  and  A"  ii"  X  3"  X  A"  and  |" 

3"  X  2i"  X  A"  and  |" 
Flat!. 
7"  X  I" 
6"  X  I"  and  1" 
3i"  X  I".  §"  and  I" 
3"  X  I"  and  A" 
2j"  X  f"  and  A" 
2l"  X  A"  and  I" 
2"  X  i"  and  A" 
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Fhtc 

20" 

xr 

and  J" 

18" 

XI" 

and  i" 

16" 

xr 

and  i" 

15" 

xr 

and  i" 

14" 

xr 

and  i" 

13" 

XI" 

and  J" 

12" 

xr 

.A"  and  J" 

10" 

xr 

and  A'< 

9" 

Xf" 
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Lengths  and  Widths  of  Plates. — The  maximum  sizes  and  lengths  of  shapes  and  plates  as 
rolled  by  the  Carnegie  Steel  Company  and  the  Illinois  Steel  Company  are  given  in  Table  I  to 
Table  VII,  inclusive. 

TABLE  I. 

Maximum  Lengths  of  Shapes;  Carnegie  Steel  Co. 

Angles  {Eneven  Legs): — 

8"X6" Soft. 

^     7"  X  3i"  X  I"  to  r 80  " 

7"  X  3i"  X  H"  to  A" 85  " 

6"  X  4"  X  i^'  to  i" 85  " 

6"  X  4"  X  H"  and  under 90  " 

6"X3i"Xi".tor 80  " 

6"  X  3i"  X  .4" 85  " 

6"  X  3i"  X  r  and  under 90  " 

5"X4" 90" 

5"X3rxr 75" 

5"X3i"Xtl" 80 

5"  X  3i"  X  r  and  under 90 

5"X3" 90 

4i"X3"X'-" 


/  Beams: —  . 

24"  to  12" 75  ft. 

10"  to  5" 70  " 

4"  and  3" 50  " 

Channels: — 

15"  to  12" 75  ft. 

10"  standard 70  " 

10"  special 80  " 

9"  to  5" 70  " 

4"an(l3" 50  " 

Tees:^ 

5"  to  i" 50  ft. 

Zees:^ 

6"  and  5" 70  ft. 

4"Xr. 65  " 

4"  X  H  and  under 70  " 

3" 70  " 

Deck  Beams: — 

10" 45  ft. 

9"  to  7" 65  " 

6" 60  " 

Bulb  Angles: — 

10"  to  7" 65  ft. 

6" 60  " 

5" 65  " 

Angles  {Even  Legs):-^ 

8"  X8" 120  ft. 

6"  X  6"  X  I"  to  r 80  " 

6"  X  6"  X  H"  and  under 90  " 


4i"  X  3"  X  r. . 

4i"  X  3"  X  tl". 
4i"  X  3"  X  I". . 


50 
55 
60 

65 


4i::x3':xA" 70 

"  X  i"  and  under 80 


4rx 


X3I' 
X3"  X 


90 

85 


4"  X  3"  X  f"  and  under 96 

3rX3"Xir 60 

3i"X3"Xr 65 

3J"X3"X}r 76 

3rX3"Xr 75 


5"  X  5". 


85 
4"X4" 90 


3J"  X  %V^ 

3"X3'^ 

2rx2r 

2§"  X  2j" 

2i"  X  2V' 

2"  X2" 

irxirtorxf". 


90 
75 
50 
50 
50 
50 
50 


3 
3 
3 

3J' 


P 


X3" 

X2i 

X2r 

X2i" 

X2r 
X2r 

X2i" 


X 
X 
X 
X 
X 
X 
X 


'  and  under 80 

55 
60 

65 
70 
80 


r. 


*  and  under go 

3i"X2" go 

3"X2j"toir'Xi" 50 


TABLE  II. 
Maximum  Lengths  of  Material;  Illinois  Steel  Co.  (South  Works). 

Angles: — 

All  angles 100  ft. 

/  Beams: — 

All  I  Beams  up  to  15 75  ft. 

15  I  Beams  42  lb.  to  55  lb 75  " 

15  I  Beams  60  lb.  to  75  lb 62  " 

15  I  Beams  80  lb ^  " 

15  I  Beams  90  lb 50  " 

15  I  Beams  100  lb 45  « 

Channels: — 

All  Channels 75  ft. 

In  case  it  is  absolutely  essential  to  have  any  of  the  above  material  in  lengths  longer  tbao 
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shown,  it  will  be  necessary  to  take  the  matter  up  with  the  mill  to  ascertain  whether  same  can  be 
obtained. 

For  extreme  lengths  of  material  rolled  at  the  Bay  View  (Milwaukee  Works)  follow  list  of 
maximum  lengths  rolled  by  Carnegie,  as  the  facilities  for  rolling  all  smaller  sections  are  about 
the  same  at  both  mills. 

TABLE  III. 

Maximum  Sizes  of  Rectangular  and  Circular  Plates;  Carnegie  Steel  Co. 
Sheared  Plates,  One-Fourth  Inch  and  Over. 


Widths  and  Lengths  in  Inches. 

Diam..1 
Inches. 

Inches. 

132 

126 

120 

"4 

108 

102 

96 

90 

84 

78 

, 

ISO 

200 

210 

250 
300 
400 

280 

300 
460 

IIO 

V 

1 80 

200 

260 

275 
350 

325 
440 

120 

Y 

200 

220 

250 

310 

126 

t 

190 

200 

240 

265 

290 

350 

380 

440 

465 

475 

132 

220 

230 

260 

280 

300 

360 

400 

450 

475 

500 

132 

* 

220 

230 

260 

290 

300 

380 

400 

450 

475 

^2° 

132 

220 

230 

270 

300 

320 

360 

380 

420 

440 

480 

134 

i 

220 

230 

270 

300 

320 

350 

380 

420 

440 

480 

134 

220 

230 

270 

290 

320 

350 

380 

420 

440 

480 

134 

i 

220 

230 

270 

290 

320 

350 

380 

420 

440 

480 

134 

i 

220 

230 

260 

280 

320 

350 

380 

420 

440 

480 

134 

I 

220 

230 

250 

270 

300 

320 

350 

380 

400 

430 

134 

«i 

200 

220 

230 

250 

280 

300 

320 

350 

370 

405 

132 

li 

190 

200 

210 

230 

255 

275 

295 

325 

340 

360 

132 

ij 

iSo 

190 

200 

210 

240 

250 

275 

300 

315 

340 

132 

If 

^75 

180 

"2° 

200 

225 

240 

260 

285 

300 

320 

132 

2 

i6s 

170 

180 

190 

210 

230 

245 

270 

280 

300 

130 

2j 

13* 

145 

ISO 

160 

170 

190 

200 

230 

240 

260 

130 

72 

66 

60 

54 

so 

48 

42 

36 

30 

24 

Diam. 

A 

350 

3SO 

380 

400 

400 

430 

400 

400 

380 

380 

IIO 

380 

400 

450 

460 

460 

500 

450 

450 

400 

400 

120 

490 

500 

'g 

540 

540 

540 

500 

500 

480 

480 

126 

A 

520 

560 

560 

560 

560 

550 

550 

530 

530 

132 

S^S 

560 

560 

560 

560 

560 

550 

550 

530 

530 

132 

A 

5*5 

560 

560 

560 

560 

560 

550 

550 

530 

530 

132 

520 

560 

560 

560 

S6o 

s6o 

560 

560 

530 

500 

134 

i 

500 

530 

540 

540 

S6o 

560 

560 

540 

530 

500 

134 

+2° 

500 

540 

540 

560 

560 

560 

540 

530 

500 

134 

i 

480 

500 

520 

540 

540 

540 

560 

540 

520 

480 

134 

{ 

480 

500 

520 

520 

S20 

530 

530 

530 

500 

480 

134 

I 

460 

480 

500 

520 

S20 

520 

500 

480 

470 

460 

134 

ij 

430 

450 

470 

480 

480 

500 

480 

480 

470 

450 

132 

iJ 

380 

400 

420 

430 

430 

450 

460 

460 

450 

440 

132 

1} 

360 

380 

400 

420 

430 

440 

440 

420 

420 

420 

132 

i| 

340 

360 

380 

400 

420 

430 

400 

380 

380 

360 

132 

2 

320 

340 

360 

380 

400 

400 

360 

350 

350 

320 

130 

2j 

280  . 

300 

320 

340 

350 

330 

300 

300 

250 

200 

130 

Plates  48"  wide  and  under  can  also  be  rolled  on  Universal  Mills. 
For  greater  length  and  Universal  Mill  Sizes,  see  Universal  Mill  Plate  Table  V. 
Plates  of  greater  dimenmons  than  shown  in  above  tables  may  be  submitted  for  special 
consideration. 
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TABLE  IV. 
Maximum  Sizes  of  Rectangular  and  Circular  Plates;  Carnegie  Steel  Co. 
Sheared  Plates,  Three-Sixteenths  Inch  and  Under. 


Thicknea.  Inches. 
B.  W.  G. 

WidUu  and  t^*»g»»»«  in  ttwh^f 

Diam..  Indm. 

74 

72 

70 

68 

66 

64 

62 

60 

58 

No.  8 
No.  9 
No.  lo 

No.  II 
No.  12 

220 
200 

240 
210 
160 

250 
210 
170 
140 

270 
220 
180 
160 
140 
140 
120 

290 
240 
200 
170 
150 
150 
130 

310 
250 
200 
170 
150 
ISO 
130 

260 
220 

'S 
160 

160 

140 

330 
270 
230 
200 
170 
170 
ISO 

77 
.   74 
70 
68 
66 
66 
64 

Thirkneas. 

$6 

54 

52 

50 

48 

42 

36 

30 

24 

Diam. 

No*  8 
No.  9 
No.  ID 

No.  II 
No.  12 

340 
270 
230 
220 
180 
180 
160 

350 
280 
240 
220 
190 

160 

360 
280 
240 
230 
190 
190 
170 

370 
290 
250 
230 
195 

176 

360 
290 
250 
230 
195 
195 
180 

360 
290 
250 
230 
200 
200 
180 

360 
290 
250 
230 
200 
200 
180 

360 
290 
250 
230 
200 
200 
180 

360 
290 
250 

230 
200 
200 
180 

77 
74 
70 
68 
66 
66 
64 

TABLE  V. 
Maximum  Sizes  op  Rectangular  Universal  Plates;  Carnegie  Steel  Co. 
Universal  Mill  Plates,  One-Fourth  Inch  and  Over. 


Thick- 

neas. 

Inches. 

Width!  and  Length!  in  Inchea.                         | 

48-46 

45-41 

40-36 

35-31 

30-26 

25-20 

19-17 

16-15 

14-12 

11 

10-^ 

|b 

780 
840 

780 
840 

780 
840 

780 
840 

^ 

IS 

600 

-600 

600 

660 

720 

840 

ss 

960 

1 140 

II4O 

II40 

1080 

1080 

1080 

900 

8^ 

t 

960 

960 

1140 

1140 

1200 

1080 

1080 

1080 

900 

840 

960 

960 

1080 

1200 

1200 

1200 

1080 

1080 

1080 

1020 

840 

A 

960 

960 

1080 

1200 

1200 

1200 

1080 

1080 

1080 

1020 

840 

960 

960 

1020 

1200 

1200 

1200 

1020 

1080 

1080 

1020 

840 

840 

840 

960 

1080 

1080 

1080 

1020 

1020 

1020 

900 

i\o 

780 

840 

840 

960 

960 

960 

960 

960 

960 

900 

840 

I 

720 

720 

720 

840 

840 

840 

900 

960 

960 

900 

840 

600 

600 

660 

708 

720 

780 

780 

900 

900 

840 

840 

540 

540 

600 

660 

660 

660 

720 

840 

840 

840 

840 

480 

528 

540 

600 

600 

600 

660 

780 

840 

840 

840 

480 

504 

528 

540 

540 

540 

600 

720 

780 

840 

840 

480 

480 

480 

480 

480 

480 

540 

6^ 

720 

840 

840 

I; 

420 

420 

432 

420 

420 

420 

^2^ 

600 

660 

720 

7M 

I 

420 

420 

432 

420 

420 

420 

480 

540 

600 

660 

7JO 

420 

420 

420 

408 

408 

408 

420 

480 

540 

600 

7*0 

Plates  of  greater  dimensions  than  shown  in  above  tables  may  be  submitted  for  special 
consideration. 
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TABLE  VI. 
Maximum  Sizbs  of  Universal  Plates;  Illinois  Steel  Co. 


ThickneiB. 

Width  of  Plate  in  Inches.                       | 

Inches. 

6 

7 

8 

9 

•  10  to  30 

i 

960 

960 

960 

960 

960 

t 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

t 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

A 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

i 

810  . 

960 

960 

960 

960 

750 

930 

9^ 

960 

960 

i 

690 

860 

960 

960 

960 

i. 

640 

800 

910 

960 

960 

600 

740 

850 

960 

960 

I 

560 

700 

800 

900 

960 

lA 

530 

660 

750 

850 

900 

li 

500 

620 

710 

800 

850 

lA 

470 

590 

670 

760 

810 

1} 

450 

560 

640 

li^ 

770 

lA 

420 

530 

610 

680 

730 

If 

400 

SIC 

580  , 

650 

690 

lA 

390 

490 

560 

620 

660 

1} 

370 

470 

530 

600 

640 

'^ 

360 

450 

510 

570 

610 

It 

340 

430 

490 

550 

590 

't* 

330 

.  410 

470 

530 

570 

i} 

320 

400 

460 

SIC 

550 

iH 

310 

390 

440 

490 

530 

I 

300 

370 

430 

480 

Sio 

Itt 

290 

360 

410 

460 

490 

2 

280 

350 

400 

450 

480 

All  plates  both  sheared  and  Universal  Mill  rolled  by  Illinois  Steel  Co.,  can  exceed  above  lengths 
by  I  ft.     If  longer  lengths  are  necessary  take  up  with  the  mill. 

Design  Drawings  for  Steel  Structures. 

Drawings. — Designs  shall  be  made  on  standard  sized  sheets.  A  scale  of  }  in.  to  i  ft.  shall 
be  a  minimum,  a  larger  scale  being  used  if  practicable.  Give  such  distances  on  both  plan  and 
cross-section  that  the  dimensions  of  either  can  be  understood  without  reference  to  the  other. 

Designs  of  Mill  Buildings. 

Loads. — All  roof  loads,  snow  l^ads,  wind  loads,  floor  loads,  wheel  loads  and  spacing  for 
cranes,  and  in  case  of  bins,  the  weight  per  cubic  foot  and  the  angle  of  repose  of  the  material  shall 
appear  on  the  design  drawings. 

Diagrams. — Draw  as  many  sections  as  are  necessary  to  show  all  transverse  bents  and  trusses, 
a  plan  of  lower  chord  bracing,  and  views  to  indicate  framing  and  side  views  when  necessary  to 
give  location  of  doors  and  windows.  When  a  sectional  view  is  shown,  always  mark  the  location 
of  the  sections  on  the  plan.  When  two  buildings  frame  into  each  other  the  design  should  always 
indicate  the  framing  for  the  connections,  drawing  additional  sections  if  required. 
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Stresses. — ^The  stresses  in  all  members  of  transverse  bents,  trusses  and  latticed  and  plate 
girders,  and  the  loads  on  all  main  building  columns  shall  be  given  on  the  design  drawings.  Give 
maximum  bending  moment  and  maximum  shear  in  all  crane  girders,  plate  girders,  and  floor  girders 
and  columns.  Maximum  shear  and  bending  moment  shall  be  given  for  all  stringers  or  I-Beams 
used  as  floor  or  crane  girders. 

Notes. — Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
steel);  specifications  (name  and  date;  size  of  rivets  and  holes,  reamed  or  punched  full  size). 

Angle  Members. — In  all  cases  where  two  unequal  legged  angles  are  used  as  main  members, 
show  the  direction  in  which  the  outstanding  legs  are  turned  by  giving  the  dimension  of  the  leg 
appearing  in  elevation,  or  by  exaggerating  the  longer  leg. 

TABLE  VII. 
MAZDfUM  Sizes  of  Sheared  Plates;  Illinois  Steel  Co. 


ThickneM. 
Inches. 


Width  of  Plate  in  Inches. 


"5 


110    100 


90 


8o 


72 


6o 


I 


50 


40 


30 


Diam. 


144 
180 
180 

180 
180 
180 
180 
180 

180 
180 
180 
180 
160 

144 
144 


156 
200 
210 

210 
210 
210 
210 
210 

210 
210 
200 
190 
170 

150 
ISO 
"5 


156 
200 
220 
220 

220 
220 
220 
220 
220 

220 
220 
210 
200 
180 

160 
160 
130 
120 


200 
250 

3CX) 
360 

360 
360 
360 
320 
300 

260 
250 
230 
220 

190 

180 
180 
140 

130 


200 
250 
360 
480 

480 
430 
400 
350 
320 

300 
280 
260 
240 
220 

200 
200 
160 
140 


240 
420 

500 
500 

480 
430 

360 

330 
310 
300 
270 
240 

220 
220 
180 
160 


240 
320 
420 
600 
600 

600 
550 
500 
450 
410 

380 
350 
330 
310 
280 

250 
250 
210 
190 


250 
320 

600 

600 
600 
580 
530 
480 

440 
410 
390 
360 
320 

290 
290 
240 
220 


280 
330 

600 

600 
600 
600 
600 
S70 

530 
500 
460 
430 
390 

350 
290 
290 
260 


360 
420 
480 
600 
600 

600 
600 
600 
600 
600 

600 
600 

580 

540 
480 

360 
360 
330 


360 
420 

600 

600 
600 
600 
600 
600 

600 
600 
600 
600 
600 

580 
480 
480 
440 


75 
15 
20 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 

22 
22 
20 
15 


Sections. — Give  sections  of  all  members  used  in  the  structure.  Whenever  two  or  more 
columns  or  other  members  in  different  locations  have  the  same  section,  either  note  it,  or  mark  the 
section  on  each  one.    For  a  column  of  special  make-up  show  a  cross  section. 

Dimenaioiis. — ^The  following  dimensions  should  be  given:  (i)  Height  of  lower  chord  of 
trusses  from  floor  level;  (2)  elevation  of  top  of  crane  rail  with  clearance;  (3)  distance  c  to  c.  of 
crane  rail  with  clearance;  (4)  distance  b.  to  b.  of  angles  of  all  main  columns;  (5)  pitch  of  trusses 
or  height  of  same  at  heel  and  slope  of  upper  chord;  (6)  width  and  height  of  ventilator;  (7)  length 
of  bays;  (8)  distance  c.  to  c.  of  building  columns;  (9)  locatiqp  and  size  of  stacks;  (10)  location  and 
size  of  openings  and  circular  ventilators;  (11)  thickness  of  all  walls,  and  relation  to  center  line 
of  columns. 

'Windawu. — Give  aze  and  number  of  lights  and  height  of  windows.  Show  location  of  all 
windows.  State  whether  pivoted,  sliding,  counter-balanced  or  fixed,  and  whether  continuous. 
Sute  kind  of  glass. 

Doors. — Give  dimensions  (width  by  height)  and  state  whether  wood  or  steel,  swinging, 
lifting,  rolling  or  sliding.    State  style  of  track,  hangers  and  latch. 
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LouTres. — ^Note  depth  on  design,  and  whether  wood  or  metal,  fixed  or  pivoted.  If  metal 
give  gage  and  kind  of  same. 

Comgated  SteeL — Give  gage  and  kind  of  all  corrugated  sheeting,  painted  or  galvanized  ; 
method  of  fastening,  lining,  etc. 

Gutters  and  Co&diictorB. — ^Show  gutters,  conductors  and  downspouts  where  necessary  and 
give  oze  and  kind  and  thickness  of  metal,  methods  of  fastening,  etc. 

Circiilar  Ventilators. — Show  location  on  design  and  note  size  and  kind. 

BooAng.^<^ive  kind  of  roofing  material,  and  thickness  of  sheathing  when  used. 

Kotes. — ^Note  on  design  the  section  of:  (a)  Purlins  and  form  where  trussed;  (b)  girts;  (c)  sag 
rods;  (d)  lateral  bracing;  (e)  end  columns;  (f)  window  posts;  (g)  door  posts. 

Connections. — ^In  making  a  design  be  sure  that  all  clearances  and  connections  with  adjoining 
structures  are  properly  provided  for  and  that  all  dimensions  necessary  for  detailing  of  same  are 
given  on  the  design. 

Designs  of  Plate  Gisdbr  Bridges. 

Loads.— Give  assumed  dead,  live  and  wind  loads,  and  show  diagram  of  wheel  loads. 
Diagram  and  Views. — ^Show  an  elevation  of  girder  with  stiffeners^  a  plan  with  lateral  bracing, 
and  a  half  end  view  and  a  half  intermediate  section. 

Stresses. — Give  maximum  bending  moments  and  maximum  shears,  maximum  stresses, 
required  and  actual  net  area  of  flanges,  noting  number  of  rivets  deducted,  and  required  net  and 
actual  gross  areas  of  webs. 

Dimensions. — ^The  following  dimensions  should  appear  on  all  plate  girder  designs.  Distance 
b.  to  b.  of  end  angles,  or  distance  out  to  out  of  girders,  c.  to  c.  of  bearings,  back  wall  to  back  wall, 
or  c.  to  c  of  piers,  b.  to  b.  of  flange  angles,  spacing  of  girders  and  track  stringers,  base  of  rail  to 
masonry,  end  of  steel  to  face  of  back  wall,  angle  of  skew  if  any,  and  grade  of  base  of  rail. 

For  girder  bridges  on  curves  give  the  curvature  and  super-elevation  of  outer  rail  and  distance 
from  top  of  masonry  to  base  of  low  rail.  Give  elevation  of  grade  and  of  masonry  on  a  vertical 
line  through  center  of  end  bearing. 

Sivet  Spacing. — ^Note  on  the  elevation  of  girders  the  spacing  of  rivets  connecting  flange 
angles  to  web,  changing  spacing  at  stiffener  points.  Give  number  of  rivets  in  single  shear  for  end 
connections  of  all  laterals  and  cross  frames. 

Shoes  and  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  plate, 
with  allowable  pressure  on  masonry.  Note  size  of  bed  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  niunber  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Expansion  Points. — ^Mark  fixed  and  expansion  points  and  show  whether  pedestals  or  bearing 
platen  are  to  be  used. 

Stiifeners. — ^Show  end  and  intermediate  stiffeners  on  elevation  of  girder,  giving  sections  and 
stating  whether  fillers  are  used,  or  stiffeners  crimped. 

Super-elevation. — If  the  bridge  be  on  a  curve,  show  how  the  super-elevation  of  the  outer 

rail  Is  to  be  cared  for,  whether  by  tapering  ties,  or  changing  height  of  pedestal  or  masonry  plate. 

Track. — ^Show  track  in  place,  noting  such  information  as  size  and  notching  of  ties  and  guard 

timbers  and  manner  of  connecting  timber  deck  to  the  girder.     For  through  girder  always  show 

clearance  diagram  with  dimensions. 

Notes. — (a)  Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
steel);  (b)  specifications  (name  and  date);  (c)  size  of  rivets  and  holes,  reamed  or  punched  full  size. 

Designs  of  Truss  Bridges. 

Loads. — ^Always  give  the  following  assumed  loads  on  the  stress  sheets. 

Dead  Loads. — (a)  Weight  of  track  in  lb.  per  lin.  ft.  of  track;  (b)  weight  of  trusses  and  bracing 
per  lin.  ft.  of  bridge;  (c)  weight  of  stringer  and  stringer  bracing  per  lin.  ft.  of  bridge;  (d)  weight' 
of  floorbeams  per  lin.  ft.  of  bridge. 
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lira  I«i4.^Diagrajn  of  wheel  loads.) 

Wind  Load. 

DiflfnuBS. — ^In  geneial,  tbe  design  shall  ahov  an  devation  of  the  truss,  plan  of  top  lateral 
bractng,  plan  of  bottom  lateral  bfadng  and  stringer  bfadng,  half  end  view  showing  portal,  half 
intermediate  view,  or  as  many  intermediate  views  as  are  necessary  to  show  intermediate  sway 
frames.  The  end  view  shall  show  track  in  place  with  information  similar  to  that  for  plate  girders. 
The  design  of  a  pin-connected  bridge  shall  show  the  sizes  of  pins  and  the  anangement  of  the 
members  at  all  panel  points. 

Stretset.  Give  the  stresses  in  all  members  of  trusses  as  follows:  D.  L.  (Dead  Load);  L.  L. 
(Live  Load);  I.  (Impact);  C.  (Curvature);  W.  (Wind  Stresses).    Also  total  stresses. 

Always  use  the  minus  sign  for  tensile  stress  and  the  plus  sign  for  compressive  stress^  Compute 
and  give  traction  stresses  for  viaduct  towers. 

For  stringers  and  floorbeams  give  the  bending  moment  and  shear  and  sUcsses  in  the  same 
manner  as  for  plate  girders. 

General  Dimensions. — ^The  most  important  dimensions  are,  number  of  pands  and  length, 
depth  of  truss  at  every  panel  point  if  upper  chord  is  curved,  distanrr  c  to  c.  of  trusses,  distance 
base  of  rail  to  masonry,  distance  center  of  end  pin  to  masonry,  distance  c  to  c.  of  end  pins  and 
face  to  face  of  masonry,  or  c.  to  c.  of  piers.  If  the  bridge  be  on  a  curve,  give  the  degree  and  show 
direction  of  curvature,  the  distance  of  base  of  low  rail  to  masonry,  and  the  super-elevation  of 
outer  rail.  Note  that  greater  clearances  are  required  on  curves.  Show  the  clearance  line  and  line 
of  base  of  rail  in  the  elevation  of  truss. 

Compression  Memben. — Give  the  actual  unit  stress,  the  allowable  unit  stress,  radius  of 
gyration,  moment  of  inertia,  actual  and  required  area,  eccentricity  and  cross-section. 

Tensioa  Memben.— Give  allowable  and  actual  stresses,  the  required  and  actual  net  area. 
For  built  sections  give  number  of  holes  deducted  for  rivets  in  obtainii^  net  area,  and  radius  of 
gyration. 

SectioQS.^^ve  section  of  every  member  and  thickness  of  all  gusset  plates.  Always  give 
ute  of  lacing  bars,  and  state  whether  single  or  double  lacing  b  required. 

Built  Sections. — On  all  built  sections  give  depth  of  section,  and  in  using  plate  and  angle 
sections,  make  the  web  i  in.  less  in  width  than  the  depth  of  section. 

Angles  with  Unequal  Legs. — In  any  member  composed  of  one  or  more  angles  with  unequal 
legs,  show  clearly  the  direction  in  which  the  long  or  short  leg  is  turned. 

Rivets. — Note  the  number  of  rivets  to  be  used  for  end  connections  of  all  members,  and  give 
the  number  of  rivets  in  single  shear  required  at  end  connection  of  track  stringers. 

Shoes  or  Pedestals.— Give  maximum  reaction,  required  and  actual  area  of  masonry  plate, 
with  allowable  pressure  on  masonry.  Note  size  of  bed  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Camber. — The  amount  of  camber  should  be  shown  on  the  design. 

Notes* — ^Same  as  for  Plate  Girders. 


CHAPTER  XIII. 
Estimates  of  Structural  Steel. 

GENERAL  INSTRUCTIONS.— When  an  estimate  of  the  structural  steel  in  a  structure 
is  to  be  made  the  man  in  charge  shall  immediately  examine  all  of  the  data  furnished  to  see  that 
he  has  sufficient  information  to  make  a  satisfactory  estimate.  He  shall  fill  out  the  data  sheet 
completely,  and  then  take  off  the  quantities.  Use  only  the  standard  estimate  blanks  for  taking 
off  materiaL    The  author  has  found  the  estimate  blank  below  very  satisfactory. 
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Number  each  page  consecutively,  and  when  all  the  quantities  are  totaled  prepare  a  summary 
on  the  last  page.  Each  sheet  shall  have  the  sheet  number  and  also  the  total  number  of  sheets 
in  the  estimate,  for  example  9  of  20.  This  will  prevent  the  loss  of  a  page.  After  the  estimate  is 
completely  taken  off  another  man  shall  check  it.  When  checked  the  estimate  shall  be  extended 
by  the  checker,  each  sheet  being  immediately  totaled  up  as  extended.  The  extensions  shall  then 
be  checked  by  the  original  estimator,  who  also  prepares  a  summary.  The  summary  is  then 
checked  by  the  checker  and  the  estimate  is  complete. 

The  estimate  should  be  practically  a  condensed  bill  of  material  of  the  work,  and  should  be 
so  clearly  made  that  a  reference  to  the  estimate  will  show  at  a  glance  the  weight  of  all  the  principal 
pieces.  Main  and  secondary  trusses,  main  columns,  girders,  crane  giiders,  etc.,  for  buildings; 
and  trusses,  girders,  floorbeams,  etc.,  for  bridges  should  be  taken  off  separately,  thus — i  truss, 
6  required — and  shall  not  be  mixed  together  even  though  the  correct  weight  is  obtained.  In 
making  an  estimate  the  following  order  will  be  found  convenient. 

I.  MILL  BUILDINGS. — ^Trusses.— Top  chords,  lower  chords,  web  members,  purlin  lugs, 
gusset  plates,  connection  plates,  splice  plates,  eave  strut  connections,  knee  braces  and  knee 
brace  connections. 

Ventilator  Trusses. — Rafters,  posts,  web  members,  gusset  plates,  connections  to  trusses  and 
purlin  lugs. 
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Columns. — Column  angles,  web  plate,  base  plate  and  angles,  crane  seat  and  cap.  Base  in- 
cludes anchor  bolts. 

Crane  Girders. — Flange  angles,  web  plate,  cover  plates,  end  stiffenera,  intermediate  stiffeners, 
fillers,  knee  braces  and  knee  brace  connections.     Rails,  splice  bars,  clips  and  crane  stops. 

Miscellaneous. — Eave  struts,  lattice  girders,  purlins,  girts,  ridge  struts,  lower  chord  struts, 
column  struts,  rafter  bracing,  lower  chord  diagonals,  reinforcii^  angles  for  purlins  used  as  rafter 
struts,  and  sag  rods. 

Miscellaneous  Materials  Not  Structural  Steel. — Corrugated  steel  roofing  and  siding,  louvres, 
flashing  and  ridge  roll,  gutters,  conductors,  downspouts,  ventilators,  stack  collars.  Windows, 
doors,  skylights,  operating  device,  lumber,  roofing,  brick  and  concrete. 

2.  OFFICE  BUILDINGS. — Floorbeams,  girders,  including  all  their  connections  not  riveted 
to  other  members.  Floors  should  be  estimated  separately  using  a  multiplier  if  two  oc  more  are 
exactly  alike. 

Columns. — Columns  including  splices  and  connections  riveted  to  the  columns.  If  columns 
are  of  Bethlehem  "H"  sections,  it  should  be  so  noted  on  the  estimate  summary.  Estimate  columns 
in  tiers. 

Miscellaneous,  such  as  suspended  ceilings,  galleries,  penthouses,  lintels,  curb-angles,  canopies, 
etc. 

3.  TRUSS  BRIDGES.— Truss  members  should  be  taken  off  separately  in  order  that  the 
estimate  will  show  at  a  glance  the  weight  of  any  main  member.  Never  write  off  material  for 
the  trusses  thus,  "f— Truss— 4  Req'd." 

r      Stringers;  floorbeams;  portals;  sway  trusses;  upper  laterals;  lower  laterals;  shoes,  masonry 
plates,  anchor  bolts,  etc. 

A  convenient  order  can  easily  be  arranged  for  other  structures. 

INSTRUCfnONS  FOR  TAKING  OFF  MATERIAL.— Quantity  estimates  shall  give  the 
shipping  weights,  not  shipping  weights  plus  scrap.  Pin  plates,  gusset  plates,  etc.,  shall  be  taken 
off  as  equivalent  rectangular  plates.  Large  irregular  plates  or  small  irregular  plates  which  occur 
in  larger  numbers  shall  have  the  exact  sizes  shown  in  the  estimate  and  should  have  their  weights 
accurately  calculated.    AH  quantity  estimates  shall  be  made  out  with  black  drawing  ink. 

The  following  colored  pencils  shall  be  used  in  estimating: 

Black, — In  taking  off  quantities,  all  check  marks  on  drawings  or  blue  prints  shall  be  made 
with  a  black  pencil. 

Red. — In  checking  "quantities  taken  off'*  all  check  marks  on  drawings,  blue  prints  and 
data  sheets  shall  be  made  with  a  red  pencil. 

Blue. — Blue  pencils  shall  be  used  for  checking  extensions,  also  for  making  notes,  corrections, 
alterations  or  additions  on  white  prints  or  tracings. 

Yellow. — ^All  alterations,  corrections  or  additions,  on  blue  prints  at  the  time  of  estimating 
shall  be  made  with  a  yellow  pencil. 

All  notes  on  blue  prints  or  drawings  in  regard  to  alterations,  corrections  or  additions  shall  be 
dated  and  signed  by  the  person  in  charge  of  the  estimate.  In  general  all  work  shall  be  taken  off 
in  feet  and  inches.    Lengths  of  bolts  shall  be  given  in  feet  and  inches. 

CLASSIFICATION  OF  MATERIAL.— In  making  the  summary  steel  and  iron  should  be 
classified  as  follows: 

Bars,  including  plates  6  in.  wide  and  under,  rounds  up  to  3  in.  in  diameter  and  squares  up 
to  3  in.  on  a  side. 

Plales  \a)  Flats  over  6  in.  wide  up  to  and  including  100  in.,  and  }  in.  thick  and  over. 
(6)  Flats  over  100  in.  wide  up  to  and  including  no  in. 
(c)  Flats  over  no  in.  wide  up  to  and  including  115  in. 
{d)  Flats  over  115  in.  wide  up  to  and  including  120  in. 
(e)  Flats  over  120  in. 
(/)   Plates  A  in.  thick. 
(i)  Plates}  in.  thick. 
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(h)  Plates  checkered, 
(f)   Plates  buckle. 
Angles  (a)  Having  both  legs  6  in.  wide  or  under. 

(b)  Having  either  leg  more  than  6  in.  in  width. 

(c)  Having  both  legs  less  than  3  in.  in  width. 
Channels  and  I- Beams 

(a)  Channels  and  beams  up  to  and  includii^  15  in.  in  depth. 

(b)  Over  15  in.  in  depth. 

If  Bethlehem  sections  are  used  distinguish  between  "Bethlehem  Special  I-Beams"  and 
"  Girder  Beams/*  and  also  regarding  depths  as  above. 

Zees. 

Tees. 

Rails  (Separate  rails  under  50  lb.  per  yd.,  rails  over  100  lb.  per  yd.,  and  girder  rails). 

Rail  Splices. 

Iron  CasHngs. 

Steel  Castings. 

Nuts. 

Clevises  and  Tumbuckles. 

PinSt  rounds  from  3  in.  diameter  to  6}  in.  in  diameter. 

Forgings,  rounds  over  6{  in.  in  diameter. 

Branse,  Lead,  etc 

Rivets  and  Bolts. 

Idvet  Heads. — ^Where  the  estimate  is  made  from  shop  drawings  the  actual  number  of  rivet 
heads  shall  be  determined.  The  weight  of  rivet  heads  in  per  cent  of  the  total  weight  of  the  other 
material  is  about  as  follows:  Purlins,  girts  and  beams,  2  per  cent;  trusses  and  bracing,  4  per  cent; 
plate  girders  and  columns  of  4  angles  and  i  pi.,  5  per  cent;  plate  girders  and  columns  with  cover 
plates,  6  per  cent;  box  girders  or  channel  columns  with  lacing,  7  per  cent;  trough  floors,  8  to  10 
per  cent. 

The  rivet  heads  in  highway  bridges  may  be  taken  at  5  and  4  per  cent  of  the  total  weight 
of  steel  exclusive  of  fence  and  joists  for  riveted  and  pin-connected  trusses,  respectively. 

Bolts  are  usually  taken  off  in  the  estimate  when  they  occur,  and  entered  as  rivets.  When 
bolts  are  under  6  in.  in  length,  include  bolts  under  the  item  "Bolts  and  Rivets."  When  .over 
6  in.  in  length,  put  the  bolts  under  "  Bars." 

ICiscdlaneoos  Materials. — Corrugated  Steel. — ^Always  give  the  number  of  gage,  whether 
painted  or  galvanized,  and  whether  iron  or  steel.  This  remark  also  applies  to  louvres,  flashing, 
ridge  roll,  gutters  and  conductors.  State  whether  corrugated  steel  is  for  roofing  or  siding.  Roofing 
shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  three  feet  on  each  end  of  building  to  the  distance 
c.  to  c.  of  end  trusses  to  allow  for  cornice.  Allow  one  foot  overhang  at  eaves.  Siding  shall  be  esti- 
mated in  squares  of  100  sq.  ft.,  adding  one  foot  at  each  end  of  building  to  allow  for  comer  laps. 

Louvres  shall  be  estimated  in  sq.  ft.  of  superficial  area,  stating  whether  fixed  or  pivoted. 

Flashing  shall  be  estimated  in  lineal  feet  and  shall  be  taken  off  over  all  windows  where  corru- 
gated sheathing  is  used  on  the  sides  of  building,  and  under  all  louvres  and  windows  in  ventilators. 

Ridge  roll  shall  be  estimated  in  lineal  feet,  adding  one  foot  to  the  distance  center  to  center 
of  end  trusses.     Ridge  roll  is  usually  taken  off  the  same  gage  as  the  corrugated  steel  roofing. 

Gutters  and  conductors  shall  be  estimated  in  lineal  feet,  the  conductors  usually  being  spaced 
from  40  to  50  ft.,  depending  upon  the  area  drained. 

Circular  ventilators  shall  be  estimated  by  number,  giving  diameter  and  kind,  if  specified. 

Stack  collars  shall  be  estimated  by  number,  giving  diameter  of  stack. 

)A^ndows  shall  be  estimated  in  sq.  ft.  of  superficial  area,  taking  for  the  width  the  distance 
between  girts.  State  whether  windows  are  fixed,  sliding,  pivoted,  counter-balanced  or  counter- 
weighted.  State  kind  and  thickness  of  glass  and  give  list  of  hardware,  and  any  thing  else  of  a 
special  nature. 
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Doors  shall  be  estimated  in  sq.  ft.;  state  whether  sliding,  lifting,  rolling  or  swinging.  Steel 
doors  covered  with  corrugated  steel  shall  be  estimated  by  including  the  steel  frame  under  steel 
and  the  covering  with  corrugated  steel  siding.     State  style  of  track,  hangers  and  latch. 

Skylights  shall  be  estimated  in  sq.  ft.,  giving  kind  of  glass  and  frames. 

Operating  devices  for  pivoted  windows  or  louvres  shall  be  estimated  in  lineal  feet. 

Lumber  shall  be  estimated  in  feet,  board  measure,  noting  kind.  Note  that  lumber  under 
I  in.  in  thickness  is  classified  as  i  in.  Above  i  in.  it  varies  by  i  in.  in  thickness,  and  if  surfaced 
will  be  i  in.  less  in  thickness,  i.  e.,  i}  in.  sheathing  is  actually  i}  in.  thick,  but  shall  be  estimated 
as  if  in.  Lumber  comes  in  lengths  of  even  feet;  if  a  piece  lo  ft.-8  in.  or  ii  ft.-o  in.  is  required,  a 
stick  12  ft.-o  in.  long  shall  be  estimated.  In  using  lumber  there  is  usually  considerable  waste  de- 
pending upon  the  purpose  for  which  it  is  intended.  In  estimating  tongue  and  grooved  sheathing 
lo  to  20  per  cent  shall  be  added  for  tongues  and  grooves  and  from  5  to  10  per  cent  for  waste, 
depending  upon  the  width  of  boards  and  how  the  sheathing  is  laid. 

Composition  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  allowing  the  proper 
amount  for  overhang  at  eaves  and  gables  and  for  flashing  up  under  a  ventilator  or  on  the  inside 
of  a  parapet  wall. 

Tile  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  5  per  cent  for  waste. 
Include  in  an  estimate  for  tile  roof,  gutters,  coping,  ridge  roll,  plates  over  ventilator  windows  and 
plates  under  ventilator  windows,  these  being  estimated  in  lineal  feet.  Flat  plates  for  the  ends 
of  ventilators  shall  be  estimated  in  sq.  ft. 

Brick  shall  be  estimated  by  number.  For  ordinary  brick  such  as  is  used  in  mill  building 
construction,  estimate  7  brick  per  sq.  ft.  for  each  brick  in  thickness  of  wall,  i.  e.,  a  9  in.  wall  is  two 
bricks  thick  and  contains  14  brick  for  each  sq.  ft.  of  superficial  area. 

Always  note  whether  walls  are  pilastered  or  corbeled  and  estimate  the  additional  amount  of 
brick  required.  If  walls  are  plain,  no  percentage  need  be  added  for  waste,  but  if  openings  such 
as  arched  windows  occur  add  from  5  to  10  per  cent. 

Concrete  shall  be  estimated  in  cubic  yards.  Walls  or  ceiling  of  plaster  on  expanded  metal 
shall  be  estimated  in  squares  of  100  sq.  ft.,  noting  thickness  and  kind  of  reinforcement.  Rein- 
forced concrete  floors  shall  be  estimated  in  sq.  ft.  of  floor  area,  noting  thickness  and  kind  of  rein- 
forcement. Paving  of  all  kinds  is  estimated  in  square  yards,  but  the  concrete  filling  under  the  • 
pavement  itself  is  estimated  in  cubic  yards.  Concrete  floor  on  cinder  filling  is  usually  estimated 
in  square  yards,  specifying  its  proportions. 

ESTDCATB  OP  COST.— The  different  types  of  framed  steel  structures  vary  so  much  with 
local  conditions  and  requirements  that  it  is  only  possible  to  give  data  that  may  be  used  as  a  guide 
to  the  experienced  estimator.  The  cost  of  steel  frame  structures  may  be  divided  into  (i)  cost  of 
material,  (2)  cost  of  fabrication,  (3)  cost  of  erection,  and  (4)  cost  of  transportation. 

I.  Cost  of  MateriaL — ^The  price  of  structural  steel  is  quoted  in  cents  per  pound  delivered 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.  Current  prices  may  be  obtained 
from  the  Engineering  News,  Iron  Age  or  other  technical  papers.  The  present  prices  (191 4) 
f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE  I. 
Prices  of  Structural  Steel  (1914)  f.  o.  b.  Pittsburgh,  Pa.,  in  Cents  per  Pound. 

Price  In  Cts. 
MateriaL  per  Lb. 

I-beams,  18  in.  and  over, . .  / 1.55 

I-beams  and  channels,  3  in.  to  15  in. 1.45 

H-beams,  over  8  in 1.60 

Angles,  3  in.  to  6  in.  inclusive 1.45 

Angles,  over  6  in 1,50 

Zees,  3  in.  and  over 1.45 

Angles,  channels,  and  zees,  under  3  in 1.40 
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Deck  beams  and  bulb  angles 1.75 

Checkered  and  corrugated  plates 1.75  to  1.90 

Plates,  structural,  base 1.40 

Plates,  flange,  base 1.50 

Corrugated  steel  No.  22,  painted 2.15 

Corrugated  steel  No.  22,  galvanized 3.00 

Steel  sheets  Nos..  10  and  11,  black 1.90 

Steel  sheets  Nos.  10  and  11,  galvanized 2.35 

Steel  sheets  No.  22,  black 2.10 

Steel  sheets  No.  22,  galvanized 2.95 

Bar  iron,  base 1.65 

Rivets 2.10 

COST  OF  FABRICATION  OF  STRUCTURAL  STEEL.— The  cost  of  fabrication  of 
structural  steel  may  be  divided  into  (a)  cost  of  drafting,  {b)  cost  of  mill  details,  and  (c)  cost  of 
shop  labor. 

(a)  COST  OF  DRAFTING.— The  cost  of  drafting  varies  with  the  character  of  the  structure 
and  with  the  shop  methods  of  the  bridge  company.  There  are  two  general  methods  in  common 
use  for  detailing  steel  structures,  sketch  details,  and  complete  details  (see  Chapter  XII).  The 
cost  of  drafting  varies  with  the  method  of  detailing  and  the  number  of  pieces  to  be  made  from 
one  detail,  and  costs  per  ton  may  mean  but  little  and  be  very  misleading.  The  cost  per  standard 
sheet  (24  in.  X  36  in.)  is  more  nearly  a  constant  and  vyies  from  $15  to  $25  per  sheet.  The 
following  approximate  costs,  based  on  a  total  average  charge  of  40  cents  per  hour  may  be  of  value. 

Mill  and  Mine  Buildings. — Details  of  ordinary  steel  mill  buildings  cost  from  $2  to  I4  per 
ton;  details  for  head  works  for  mines  cost  from  $4  to  $6  per  ton;  details  for  churches  and  court 
houses  having  hips  and  valleys,  cost  from  $6  to  $S  per  ton;  details  for  circular  steel  bins  cost 
from  $1.50  to  $3  per  ton;  details  for  rectangular  steel  bins  cost  from  $2  to  $4  per  ton;  details  for 
conical  or  hopper  bottom  bins  cost  from  $4  to  $6  per  ton. 

Bridges. — Details  of  steel  bridges  will  cost  from  $1  to  $2  per  ton  where  sketch  details  are 
used  and  from  $2  to  $4  per  ton  where  the  members  are  detailed  separately. 

Actual  Cost  of  Drafting. — ^The  details  of  the  Basin  and  Bay  State  Smelter,  containing  270 
tons,  cost  $2  per  ton. 

The  costs  of  making  shop  details  for  steel  structures  as  given  in  the  Technograph  No.  21, 
1907,  by  Mr.  Ralph  H.  Gage,  are  given  in  Table  II. 

TABLE  11. 
Cost  of  Shop  Drawings. 


Character  of  Building. 


Entire  skeleton  construction,  1.  e.,  loads  all  carried  to  the  foundation  by  means 

of  steel  columns 

Interior  portion  supported  on  steel  columns;  exterior  walls  cany  floor  loads 

and  their  own  weight 

Interior  portion  carried  on  cast  iron  columns;  exterior  walls  support  floor  loads 

as  well  as  their  own  weight 

No  columns  and  floorbeams  resting  on  masonry  walls  throughout 

Structure  consisting  mostly  of  roof  trusses  resting  on  columns 

Structure  consisting  mostly  of  roof  trusses  resting  on  masonry  walls 

Mill  buildings 

Flat  one-story  shop  or  manufacturing  buildings 

Tipples,  mining  structures  or  other  complicated  structures 

Malt  or  grain  bins  and  hoppers 

Remodeling  and  additions  where  measurements  are  necessary  before  details 

can  be  made 


Average  Cost  per  Ton. 


^1.45 

1.22 

0.70 
0.85 
2.47 

2.56 
0.74 
4.88 
2.47 

1.87 
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Mr.  Gage  makes  the  following  comments  on  the  cost  of  draftii^:  "The  cost  of  drafting 
materials  and  blue  prints  was  not  included.  There  is  always  a  noticeable  decrease  in  cost  of 
the  details  when  the  plans  for  the  ironwork  are  made  and  designed  by  an  engineer  and  separated 
from  the  general  work.  On  the  average  it  cost  35  per  cent  more  to  make  shop  drawings  of  the 
structural  steel  when  the  data  were  taken  from  the  architect's  plans  than  when  the  data  were 
taken  from  carefully  worked  out  engineer's  plans.  Inaccurate  plans  where  the  draftsman  is 
continually  finding  errors  which  must  be  referred  to  the  architect  materially  increase  the  cost  of 
shop  drawings." 

(6)  COST  OF  MILL  DETAILS.— If  material  is  ordered  directly  from  the  rolling  mill  the 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  based  on  a  standard  "card  of 
mill  extras." 

CARD  OF  MILL  EXTRAS.~If  the  estimate  is  to  be  based  on  card  rates  it  will  be  necessary 
to  have  the  subdivisions  a,  b,  c,  d,  e,  f,  r,  etc.,  as  follows: 

a  »  o.  I  $cts,  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Plain  punching, 
one  size  of  hole  in  one  or  both  flanges. 

b  =>  0.25^.  per  lb.  This  covers  plain  punching  one  size  of  hole  either  in  web  and  one  flange 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  be  of  same  size.) 

c  a  o.%octs.  per  lb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  Punching  of 
two  sizes  of  holes  either  in  one  or  both  flanges.  One  size  of  hole  in  one  flange  and  another  size 
of  hole  in  the  other  flange. 

d  «  0.35^^.  per  lb.  This  covers  coping,  ordinary  beveling,  rivetine  or  bolting  of  connection 
angles  and  assembling  into  girders,  when  the  beams  forming  such  girders  are  held  together  by 
separators  only. 

e  »  o.40cts.  per  lb.  This  covers  punching  of  one  size  of  hole  in  the  web  and  another  size  of 
hole  in  the  flanges. 

/  —  o.i^cts.  per  lb.    This  covers  cutting  to  length  with  less  vibration  than  ±  |  in. 

r  *  0.50^:^.  per  lb.  This  covers  beams  with  cover  plates,  shelf  angles,  and  ordinary  riveted 
beam  work.  If  this  work  consists  of  bending  or  any  unustfal  work,  the  beams  should  not  be 
included  in  beam  classification. 

Fittings. — Alji  fittings,  whether  loose  or  attached,  such  as  angle  connections,  bolts,  separators, 
tie  rods,  etc.,  whenever  they  are  estimated  in  connection  with  beams  or  channels  to  be  charged 
at  i.55cts.  per  lb.  over  and  above  the  base  price.  The  extra  charge  for  painting  b  to  be  added 
to  the  price  for  fittings  also.  The  base  price  at  which  fittings  are  figured  is  not  the  base  price  of 
the  beams  to  which  they  are  attached  but  is  in  all  cases  the  base  price  of  beams  15  in.  and  under. 

The  above  rates  will  hot  include  painting,  or  oiling,  which  sliould  be  chaived  at  the  rate  of 
o.iocts.  per  lb.  for  one  coat,  over  and  above  the  base  pnce  plus  the  extra  specified  above. 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  o.i5cts.  per  lb.  should 
be  added  for  each  additional  size  of  hole,  for  example,  plain  punched  beams,  where  three  sizes  of 
holes  occur  would  be  indicated  as:  c  +  o.iscts.,  four  sizes  of  holes;  e  +  ejects.  For  example: 
a  beam  with  f  in.  and  }  in.  holes  in  the  flanges  and  f  in.  and  f  in.  holes  m  the  web  should  be 
included  in  class  e.  ^  , 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  excepted,  and  would 
have  to  be  indicated;  for  example:  Plain  punching  one  size  of  hole  in  either  web  and  one  flange, 
or  web  and  both  flanges,  and  cutting  to  length  would  be  marked  bf,  which  would  establish  a  total 
charge  of  o.40cts.  per  lb. 

Nole  to  class  a. — No  extra  charge  can  be  added  to  this  class  for  punching  various  sizes  of 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a  beam  is  coped  or  has  connection  angles 
riveted  or  bolted  to  it,  it  makes  no  difference  how  many  sizes  of  holes  are  punched  in  this  beam, 
the  extra  will  always  be  the  same,  namely  o.35cts.  When  b^ms  have  angles  or  plates  riveted  to 
them,  and  same  are  not  half  length  of  the  beam,  figure  the  beams  as  class  d,  and  the  plates  and 
angles  as  beam  connections. 

Note  to  class  r. — ^This  rate  of  o.50cts.  per  lb.  applies  to  all  the  material  making  up  the  riveted 
beam.  In  case  of  assembled  girders  in  which  one  of  the  beams  should  be  classed  as  a  riveted 
beam,  in  making  up  the  estimate,  figure  only  the  beam  affected  as  included  in  class  "r."  When 
beams  have  angles  or  plates  riveted  to  them  and  same  are  half  length  or  more  than  half  length 
of  the  beam,  figure  the  beams  as  class  "r,"  including  the  plates  or  angles  and  rivets.  When 
18  in.,  20  in.,  or  24  in.  beams  are  in  "r"  class  keep  Uie  I's  separate  from  the  material  (plates, 
cast  iron,  separators,  angles  and  rivets)  which  should  go  under  heading,  "  i^  in.  Ts  and  Under." 

Beams  should  be  divided  as  15  in.  I's  and  under,  and  18  in.,  20  in.  and  24  in.  I's.  If  there 
are  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  sizes,  instead  of  "  15  in.  I's 
and  Under." 
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In  estimating  channel  roof  purlins  classify  7  in.  channels  and  smaller  as  one  punched;  8  in. 
channeb  and  larger  as  two  punched,  unless  they  are  shown  or  noted  otherwise,  ancl  keep  separate 
from  other  beams. 

No  extra  charge  can  be  added  to  curved  beams  for  riveting,  cutting  to  length,  etc. 

Subdividing  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
few  classes,  rather  than  too  many. 

The  only  subdivision  necessary  for  cast  iron  columns  are:  i  in.  and  over,  and  under  i  in. 
Columns  with  ornamental  work  cast  on  must  be  kept  separate. 

Round  and  Square  Bars. — In  estimating  round  and  square  bars  use  the  standard  card  for 
extras.  Table  III.  It  b  not  usual  to  enforce  more  than  one-half  the  standaixl  card  extras  for  round 
and  square  bars. 

lRitnB.—Shapes,  Plates  and  Bars: 
(Cutting  to  length) 

Under  3  ft.  to  2  ft.,  inclusive. 0.25  ct.  per  lb. 

Under  2  ft.  to  i  ft.,  inclusive. 0.50  ct.  per  lb. 

Under  i  f t 1.55  ct.  per  lb. 

Extras — Plates  (Card  of  January  7,  1902): 

Base  I  in.  thick,  100  in.  wide  and  under,  rectangular  (see  sketches). 

Ber  100  Lb. 

Widths — 100  in.  to  no  in $  .05 

no  in.  to  115  in 10 

115  in.  to  120  in 15 

120  in.  to  125  in. 25 

125  in.  to  130  in. 50 

Over  130  in. i.oo 

Gages  under  }  in.  to  and  including  A  in 10 

Gages  under  A  in.  to  and  including  No.  8 15 

Gages  under  No.  8  to  and  including  No.  9 25 

Gages  under  N0..9  to  and  including  No.  10 30 

Gages  under  No.  10  to  and  including  No.  12 40 

Complete  circles .20 

Boiler  and  flange  steel 10 

Marine  and  fire  box 20 

Ordinary  sketches 10 

(Except  straight  taper  plates,  varying  not  more  than  4  in.  in  width  at  ends,  narrowest  end 
not  less  than  30  in.,  i^diich  can  be  supplied  at  base  prices.) 

TABLE  III. 
Standabd  Classificatiok  of  Extras  ok  Iron  and  Steel  Bars.* 
Rounds  and  Squares, 
Squares  up  to  4}  inches  only.     Intermediate  sizes  take  the  next  higher  extra. 

Per  zoo  Lb. 

f  to  3       in Rates. 

I  to  H      "  ^-10  extra. 

}  to  A      '*   20 

tV         "  40 

t  "   50 

A  '•  70 

i  and  A  "  loo 

A  "  2.00 

A  "  2.50 

3A  to  3l  "  15 

*  This  classification  has  been  quite  generally  adopted,  although  several  firms  issue  a  special 
card  of  extras. 
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TABLE  lll.—Continued. 

Standard  Classification  of  Extras  on  Iron  and  Steel  Bars. 

Flat  Bars  and  Heavy  Bands, 


Flat  Bars  and  Heavy  Bands. 


Xf  to 
X  Jand 
X  i  to 
X  Jand 
X  f  to 
X  Jand 
X  land 
X  Jand 

"  xi 

"  Xjand 
"  X  Jand  _. 
to  6  in.  X  lA  to  lA  in. . 
to  6  "  X  ij  to  li  " 
to  6  "  X  if  to  2i  " 
to  6  "    X  3      to  4       ** 


.25  e 

xtra. 

.30 

.40 

.50 

75 

1. 00 

1.25 

Per  zoo  Lb. 

Rates. 

I0.20  extra. 

.40 

.50 

.50 

.70 

.90 

1. 10 

1. 00 

1.20 

1.50 

.10 

.20 

.30 

.40 

li  to  6  in. 
li  to  6  in. 
I  to  lA  in. 
I       to  J  A  in. 

H  to    «  in. 

«and 

Hand 

Hand 

A  and 

A  and 


Light  Bars  and  Bands. 

Per  100  Lb. 

X  Nos.  7,  8,  9  and  A  in $0.40  extra. 

X  Nos.  10,  II,  12  and  J  in 60  " 

X  Nos.  7,  8,  9  and  A  in 50  " 

X  Nos.  10,  II,  12  and  J  in 70  " 

X  Nos.  7,  8,  9  and  A  in 70  " 

X  Nos.  10,  II,  12  and  J  in 80  " 

X  Nos.  7,  8,  9  and  A  in i.oo  " 

X  Nos.  10,  II,  12  and  J  in 1.20  " 

X  Nos.  7,  8,  9  and  A  in 1.20  " 

X  Nos.  10,  II,  12  and  J  in 1.30  " 

X  Nos.  7,  8,  9  and  A  in 1.30  " 

X  Nos.  10,  II,  12  and  J  in 1.50  " 

X  Nos.  7,  8,  9  and  A  in 1.80  " 

X  Nos.  10,  II,  12  and  J  in 2.10  " 

X  Nos.  7,  8,  9  and  A  in 1.90  " 

X  Nos.  10,  II,  12  and  J  in 2.40  " 


Mill  Orders. — In  mill  orders  the  following  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  member,  order  the  beams  i  in.  shorter  than  the  figured  lengths 
this  will  allow  a  clearance  of  J  in.  if  all  beams  come  }  in.  too  long.  Where  beams  are  to  be  built 
into  the  wall,  order  them  in  full  lengths,  making  no  allowance  for  clearance:  Order  small  plates 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  J  in.  for  each  milling  for 
members  that  have  to  be  faced.  Order  web  plates  for  girdets  J  to  i  in.  narrower  than  the  distance 
back  to  back  of  angles.  Order  as  nearly  as  possible  every  thing  cut  to  required  length,  except 
where  there  is  liable  to  be  changes  made,  in  which  case  order  long  lengths. 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the  mills  do  only  part  of  the 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  in  the  field 
connection  angles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higher 
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price.     Standard  connections  should  be  used  wherever  possible,  and  special  work  should  be 
avoided. — For  additional  notes  on  ordering  material,  see  Chapter  XIL 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 
structural  shop  is  wanted.  The  cost  of  material  f.  o.  b.  the  shop  must  therefore  include  the  cost 
of  waste,  paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is  variable  but 
as  an  average  may  be  taken  at  4  per  cent.  Paint  material  may  be  taken  as  two  dollars  per  ton. 
The  cost  of  plain  material  at  the  shop  would  be 

Average  cost  per  lb.  f.  o.  b.  mill,  say 1.75  cts. 

Add  4  per  cent  for  waste 07    " 

Add  $2.00  per  ton  for  paint  material 10    " 

Add  freight  from  mill  to  shop  (Pittsburg  to  St.  Louis) 225  " 


Total  cost  per  pound  f.  o.  b.  shop 2.145". 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound  price  of  each  kind  of  material 
by  the  percentage  that  this  kind  of  material  is  of  the  whole  weight,  the  sum  of  the  products  will 
be  the  average  pound  price. 

{c)  COST  OP  SHOP  LABOR.— The  cost  of  shop  labor  may  be  calculated  for  the  different 
parts  of  the  structure,  or  may  be  calculated  for  the  structure  as  a  whole.  The  following  costs 
are  based  on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor.  The 
cost  of  fabricating  beams,  channels  and  angles  which  are  simply  punched  or  have  connection 
angles  loose  or  attached  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

SHOP  COSTS  OF  STEEL  FRAME  BUILDINGS.— The  following  costs  of  different  parts 
of  steel  frame  office  and  mill  structures  are  a  fair  average. 

Columns. — In  lots  of  at  least  six,  the  shop  cost  of  columns  is  about  as  follows:  Columns 
made  of  two  channels  and  two  plates,  or  two  channels  laced  cost  about  0.80  to  0.70  cts.  per  lb., 
for  columns  weighing  from  600  to  1,000  lb.  each;  columns  made  of  4  angles  laced  cost  from  0.80 
to  1. 10  cts.  per  lb.;  columns  made  of  two  channels  and  one  I-beam,  or  three  channels  cost  from 
0.65  to  0.90  cts.  per  lb.;  columns  made  of  single  I-beams,  or  single  angles  cost  about  0.50  cts.  per 
lb.;  and  Z-bar  columns  cost  from  0.70  to  0.90  cts.  per  lb. 

Plain  cast  columns  cost  from  1.50  to  0.75  cts.  per  lb.,  for  columns  weighing  from  500  to  2,500 
lb.,  and  in  lots  of  at  least  six. 

Roof  Trasses. — In  lots  of  at  least  six,  the  shop  cost  of  ordinary  riveted  roof  trusses  in  which 
the  ends  of  the  members  are  cut  off  at  right  angles  is  about  as  follows:  Trusses  weighing  1,000  lb. 
each,  1. 15  to  1.25  cts.  per  lb.;  trusses  weighing  1,500  lb.  each,  0.90  to  i.oo  cts.  per  lb.;  trusses 
weighing  2,500  lb.  each,  0.75  to  0.85  cts.  per  lb.;  and  trusses  weighing  3,500  to  7,500  lb.  0.60  to 
0.75  cts.  per  lb.     Pin-connected  trusses  cost  from  o.  10  to  0.20  cts.  per  lb.  more  than  riveted  trusses. 

Eave  Strats. — Ordinary  eave  struts  made  of  4  angles  laced,  whose  length  does  not  exceed 
20  to  30  ft.,  cost  for  shop  work  from  0.80  to  i.oo  cts.  per  lb. 

Plate  Girders. — ^The  shop  work  on  plate  girders  for  crane  girders  and  floors  will  cost  from 
0.60  to  1.25  cts.  Qer  lb.,  depending  upon  the  weight,  details'and  number  made  at  one  time. 

TABLE  IV. 
Shop  Cost  of  Circular  and  Rectangular  Bins  and  Stand-Pipes,  not  Including 

HoppExs  OR  Bottoms. 


TUdmeflSof  Metal.  In. 

Shop  Cost  in  Cents  per  Lb.                                        | 

Water  Tight. 

Bins. 

t 

0.90 
0.85 
0.80 
0.75 

0.80 
0.7s 
0.70 
0.6^ 

29 


434 


ESTIMATES  OF  STRUCTURAL  STEEL. 


Chap.  XIIL 


SHOP  COSTS  OF  BINS  AND  STAND-PIPES.— Shop  costs  for  circular  and  rectangular 
bins  and  stand-pipes  are  given  in  Table  IV,  while  shop  costs  for  bin  and  elevated  tank  bottoms 
are  given  in  Table  V.    The  shop  cost  of  towers  for  elevated  tanks  are  given  in  Table  VI. 

TABLE  V. 
Shop  Cost  of  Bottoms  for  Circular  and  Rectangular  Bins  and  Stand-Pipbs. 


ThickncM  of  Material. 
In. 

Flat  Bottom,  Genu 
per  Lb. 

Spherical  Bottom. 
Cents  per  Lb. 

Conical  Bottom.  Centa 
per  Lb. 

Hopper  Bottom.  CenU 
per  Lb. 

f 

I.SO 

I.4S 
1.40 
1.25 

4.00 

4.15 
440 
4.50 

3.50 
3.00 

2.75 
2.50 

2.50 
2.40 
2.25 
2.00 

TABLE  VI. 
Shop  Cost  of  Towers  for  Elevated  Tanks  and  Bins. 


Weight  of  Tower  and  Bndng  In  Lb. 

Shop  Cott  in  Centa  per  Lb.                             { 

AdjusUble  Bndng. 

Riveted  Bxadng. 

10.000  and  less 

1.30 
I.2S 
I.15 
I.IO 

1.20 
I.IO 
I.0S 
1.00 

10.000  to  20.000 

20.000  to  co.ooo 

CO  000  and  uo 

SHOP  COSTS  OF  INDIYIDUAL  PARTS  OF  BRIDGES.— The  cost  of  fabricating  joists 
and  other  similar  members  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

Eye-Bars. — ^The  shop  cost  of  eye-bars  varies  with  the  size  and  length  of  the  bars  and  the 
number  made  alike.  The  following  costs  are  a  fair  average:  Average  shop  costs  of  bars  3  in.  and 
less  in  width  and  }  in.  and  less  in  thickness  is  from  1.20  to  1.80  cts.  per  lb.,  depending  upon  the 
length  and  size.  A  good  order  of  bars  running  2}  in.  X  i  in.  to  3  in.  X  i  in.,  and  from  16  to  20 
ft.  long,  with  few  variations  in  size,  will  cost  about  1.20  cts.  per  lb.  Large  bars  in  long  lengths 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts.  per  lb.  To  get  the  total  cost 
of  eye-bars  thb  cost  of  bar  steel  must  be  added  to  the  shop  cost.  Half  card  extras  given  in  Table 
III  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

Chords,  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  cost  is  about  as  follows:  Members 
made  of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom  side,  or  two  channels  laced 
on  both  sides  cost  about  i.oo  to  0.85  cts.  per  lb.  for  pin-connected  members  weighing  from  ISoo 
to  1,500  lb.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  connections.  Mem- 
bers made  of  four  angles  laced  cost  from  0.80  to  i.io  cts.  per  lb.  for  members  with  riveted  ends. 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Angles  used  without  end 
connections  should  have  their  cost  estimated  on  the  basis  of  mill  details,  whicif  see. 

Pins. — The  cost  of  chord  pins  will  vary  with  the  size,  number  and  other  requirements.  The 
shop  cost  of  chord  pins  and  nuts  may  be  estimated  at  from  2.00  to  3.00  cts.  per  lb.  Rollers  will 
cost  practically  the  same  as  pins.  Rolled  rounds  (pin  rounds)  are  used  for  making  pins  and 
rollers. 

Latticed  Fence. — ^The  shop  cost  of  light  simple  latticed  fence  made  of  two  2  in.  X  2  in. 
angles,  with  double  lacing  and  about  18  in.  deep,  will  be  about  2.00  cts.  per  lb.;  while  the  shop 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as  4.00  to 
5.00  cts.  per  lb. 

Floorbeams  and  Stringers. — ^Plate  girders  used  for  floorbeams  and  stringers  will  cost  from 
0.60  to  1.25  cts.  per  lb.  depending  upon  the  weight,  details  and  number  made  at  one  time.  Floor- 
beams  made  of  rolled  I-beams  will  cost  from  0.50  to  0.75  cts.  per  lb. 
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SHOP  COSTS  OF  BRIDGES  AS  A  WHOLE.— -The  cost  will  be  takeii  up  under  the  head 
of  pin-connected  bridges,  riveted  bridges,  plate  girder  bridges,  combination  bridge  metal,  and 
Howe  truss  metal. 

Shop  Costs  of  Pin-coiinected  Bridges. — ^The  shop  costs  of  pin-connected  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Bridges  weighing     5,000  lb.  and  less 1.30  cts.  per  lb. 

"  "  5,000  to    10,000  lb 1.20  " 

"  "  10,000  to    20,000  lb i.oo  " 

"  "  20,000  to   40,000  lb 0.90  " 

"  "  40,000  to    60,000  lb 0.80  " 

"  "  60,000  to  100,000  lb 0.75  " 

"  "        100,000  to  150,000  lb 0.70  " 

**  "        150,000  and  up 0.65  " 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  Biveted  Trass  Bridges. — ^The  shop  costs  of  riveted  truss  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Bridges  weighing     5,000  lb.  and  less 1.15  cts.  per  lb. 

"            5,000  to    10,000  lb I.oo  "  "  " 

"          10,000  to   20,000  lb 0.90  "  "  " 

"          20,000  to    40,000  lb , 0.85  "  "  " 

"          40,000  to    60,000  lb 0.75  "  "  " 

"          60,000  to  100,000  lb 0.70  "  "  " 

"        100,000  to  150,000  lb 0.65  "  '*  " 

150,000  lb.  and  up 0.60  "  "  " 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  Plate  Girder  Bridges. — ^The  shop  costs  of  plate  girder  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Spans  weighing    10,000  lb.  and  less 0.90  cts.  per  lb. 

"  "  10,000  to    20,000  lb 0.85    " 

"  "  20,000  to   40,000  lb 0.75    " 

"  "  40,000  to    60,000  lb 0.70   " 

"  "  60,000  to  100,000  lb 0.60   " 

".  "        100,000  and  up 0.50   " 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reamix^  add  0.15  cts.  per  lb. 
Shop  Costs  of  Tubular  Piers  and  Culverts. — ^The  shop  costs  of  steel  tubular  pier  shells  and 
steel  culvert  pipe  are  about  as  follows: 

Tubes  18  in.  to  24  in.  diameter,  J  in.  metal i.oo  cts.  per  lb. 

"      24  in.  to  30  in.  diameter,  J  in.  to  |  in.  metal 0.75  to  0.65    "     "     " 

"      30  in.  to  48  in.  diameter,  }  in.  to  i  in.  metal 0.70  to  0.60    "     "     " 

"      48  in.  to  72  in.  diameter,  i  in.  to  i  in.  metal 0.65  to  0.50    "     "     " 

"      72  in.  and  up  }  in.  to  f  in.  metal 0.50  to  0.45    "     "     " 

The  above  shop  costs  include  detailing  and  one  coat  of  shop  paint.  The  necessary  bracing 
and  rods  for  tubular  piers  are  included. 

Shop  Cost  of  Combination  Bridge  Metal. — ^Where  the  bars  and  rods  are  standard  and  the 
castings  are  made  from  standard  patterns,  the  metal  for  combination  bridges  can  be  fabricated 
at  about  the  same  cost  per  pound  as  for  pin-connected  spans  weighing  the  same  as  the  weight  of 
the  metal  in  the  combination  bridges. 


436  ESTIMATES  OF  STRUCTURAL  STEEL.  Chaf.  XIIL 

Shop  Cod  of  Howe  Tthm  Bridge  MetaL— The  shop  cost  of  highway  bridge  castings  made 
from  standard  patterns,  b  from  1.50  to  2.00  cts.  per  lb.  The  shop  costs  of  the  plates*  rods  and 
other  miscellaneous  iron  work  will  be  from  2.00  to  2.50  cts.  per  lb. 

COST  OF  ERECTION  OF  STEEL  FRAME  OFFICE  AHB  MILL  BUILDniGS  AKD 
MINE  STRUCTURES. — In  estimating  the  cost  of  erection  of  structural  steel  work  it  is  best  to 
divide  the  cost  into  (a)  cost  of  placing  and  bolting  steel,  and  (b)  cost  of  riveting.  The  cost  will 
be  based  on  labor  at  an  average  price  of  $3.20  per  day  of  8  hours  or  40  cts.  per  hour. 

(a)  Cost  of  Placing  and  Bitting. — ^The  cost  of  (facing  and  bolting  mill  buildings  for  ordinary 
conditions  may  be  estimated  at  from  |6.oo  to  |8.oo  per  ton.  The  cost  of  placing  and  bolting  up 
steel  office  buildii^s  may  be  estimated  at  from  $5.00  to  I9.00  per  ton.  The  cost  of  placing  and 
bolting  up  steel  bins  may  be  estimated  at  from  $10.00  to  $15.00  per  ton.  The  cost  of  placing 
and  bolting  up  head  frames  may  be  estimated  at  from  $12.00  to  $18.00  per  ton. 

(b)  Cost  of  Riveting. — It  will  cost  from  6  to  10  cts.  per  rivet  to  drive  f  or  1  in.  rivets  by 
hand  in  structural  framework  where  a  few  rivets  are  found  in  one  place.  A  fair  average  is  7  cts. 
per  rivet.  The  same  size  rivets  can  be  driven  in  tank  work  for  from  4  to  7  cts.  per  rivet,  with 
5  cts.  per  rivet  as  a  fair  average. 

The  cost  of  riveting  by  hand  is  distributed  about  as  follows: 

3  men,  2  driving  and  i  bucking  up,  at  $3.50  per  day  of  8  hours $10.50 

I  rivet  heater  at  I3.00  per  day  of  8  hours 3.00 

Coal,  took,  superintendence. 1.50 

Total  per  day $15.00 

On  structural  work  a  fair  day's  work  driving  1  in.  or  |  in.  rivets  will  be  from  150  to  250, 
depending  upon  the  amount  of  scaffolding  required.  '  This  makes  the  total  cost  from  6  to  10  cts. 
per  rivet. 

On  bin  work  when  the  rivets  are  dose  together  and  little  stagii^  is  required  the  gang  above 
will  drive  from  200  to  400  rivets  per  day.    This  makes  the  total  cost  from  about  4  to  7  cts.  per  rivet. 

Rivets  can  be  driven  by  power  riveters  for  one-half  to  three-fourths  the  above,  not  counting 
the  cost  of  installation  and  air.  The  added  cost  for  power  and  equipment  makes  the  cost  of 
driving  field  rivets  with  pneumatic  riveters  about  the  same  as  the  cost  of  driving  field  rivets  by 
hand. 

Soft  iron  rivets  i  in.  and  under  can  be  driven  cold  for  about  one-half  what  the  same  rivets 
can  be  driven  hot,  or  even  less. 

Cost  of  Erection. — ^Small  steel  frame  buildings  will  cost  about  $10.00  per  ton  for  the  erection 
of  the  steel  framework,  if  trusses  are  riveted  and  all  other  connections  are  bolted.  The  cost  of 
laying  corrugated  steel  is  about  $0.75  per  square  when  laid  on  plank  sheathing,  I1.25  per  square 
when  laid  directly  on  the  purlins,  and  $2.00  per  square  when  laid  with  anti-condensation  lining. 
The  erection  of  corrugated  steel  siding  costs  from  $0.75  to  $1.00  per  square.  The  cost  of  erecting 
heavy  machine  shops,  all  material  riveted  and  including  the  cost  of  painting  but  not  the  cost  of 
the  paint,  is  about  $8.50  to  $9.00  per  ton.  Small  buildings  in  which  all  connections  are  bolted 
may  be  erected  for  from  $5.00  to  $6.00  per  ton.  The  cost  of  erecting  the  structural  framework 
for  office  buildings  will  vary  from  $6.00  to  $10.00  per  ton. 

Actual  Costs  of  Erection.— The  cost  of  erecting  the  East  Helena  transformer  building,  1897, 
was  $X2.8o  per  ton,  including  the  erection  of  the  corrugated  steel  and  transportation  of  the  men. 
The  cost  of  erecting  the  Carbon  Tipple  was  $8.80  per  ton,  including  corrugated  steeL  The  cost 
of  erection  of  the  Basin  &  Bay  State  Smelter  was  $8.20  per  ton,  including  the  hoppers  and  corru- 
gated steel. 

The  cost  of  erecting  the  structural  steel  work  for  the  Great  Northern  Ry.  Grain  Elevator, 
Superior,  M^sconsin,  was  $13.25  per  ton  including  the  driving  of  all  rivets.  There  were  10,600 
tons  of  structural  steel  work,  and  2,000,000  fieM  rivets,  or  nearly  200  field  rivets  per  ton  of  struc- 
tural SteeL 
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Erectioii  of  Stractnral  Steel  for  an  Annory/— The  structural  framework  for  the  new  armory 
of  the  University  of  Illinois,  consists  of  three-hinged  arches  having  a  span  of  206  ft.,  and  a  center 
height  of  94  ft.  3  in.  The  arches  are  spaced  26  ft.  6  in.  centers  and  are  braced  in  pairs.  The  total 
weight  of  structural  steel  was  985  tons,  and  contained  15,400,  {  in.  and  14,900,  }  in.  or  a  total  of 
30,300  field  rivets.  The  cost  of  erecting  the  structural  steel,  including  field  riveting  wa^  I9.55 
per  ton.    The  average  cost  of  driving  the  field  rivets  was  13.1  cts.  each. 

COST  OF  ERECTION  OF  STEEL  BRIDGES.— The  cost  of  erection  ordinarily  includes: 
(l)  the  cost  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the  falsework  and  the 
placing  of  the  steel  in  position;  (3)  the  riveting  up  of  the  bridge,  and  (4)  painting  the  steel  and 
the  woodwork. 

Hauling. — ^Transportation  over  country  roads  will  ordinarily  cost  about  25  cts.  per  ton- 
mile,  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  any 
particular  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  of 
the  teams  should  be  considered.  The  cost  of  loading  on  the  wagons  and  unloading  will  depend 
upon  the  local  conditions,  but  will  ordinarily  be  from  25  to  50  cts.  per  ton.  For  railroad  bridges 
the  steel  work  may  ordinarily  be  brought  directly  to  the  site  by  rail. 

Falsework. — If  piles  are  to  be  used  the  cost  should  be  carefully  estimated.  The  cost  of  the 
piles  in  place  will  vary  with  the  cost  of  piles  and  local  conditions.  Under  ordinary  conditions 
piles  in  falsework  will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
depend  upon  local  conditions  and  upon  what  use  is  made  of  it  after  erection.  The  flooring  plank 
in  highway  bridges,  and  ties  and  guard  timbers  in  railway  bridges  can  often  be  used  in  the  false- 
work without  serious  injury.  The  cost  of  erecting  the  timber  in  the  falsework  will  ordinarily  be 
from  f6.oo  to  |8.oo  per  thousand  ft.  B.  M. 

Erection  of  Totralar  Piers. — ^The  cost  of  setting  tubular  piers  for  highway  bridges  will  depend 
upon  the  conditions.  Tubes  36  in.  in  diameter  and  20  ft.  long  have  been  set  in  favorable  locations 
for  S25.00  per  pair,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is, 
however,  not  safe  to  estimate  the  cost  of  setting  tubes  from  36  to  48  in.  in  diameter  under  even 
favorable  conditions  at  less  than  $2.00  per  lineal  foot  of  tube.  When  the  cost  of  setting  tubes  is 
estimated  by  weight,  it  should  be  figured  at  from  $15.00  to  $20.00  per  ton,  for  ordinary  conditions. 
It  will  commonly  cost  from  25  to  50  cts.  per  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost 
of  the  piles,  which  will  vary  from  10  to  20  cts.  per  lineal  foot.  The  concrete  will  commonly  cost 
from  $6.00  to  $8.00  per  cu.  yd.  in  place  in  the  tube. 

Pladng  and  Bolting. — ^The  cost  of  placing  and  bolting  up  riveted  highway  spans,  and  erecting 
pin-connected  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 

Highway  spans  from    30  to    60  ft $12.00  to  $15.00  per  ton. 

"  "        "       60  to  100  ft 10.00  to    12.00   "      " 

"  "        "     100  to  150  ft 9.00  to    10.00  "      " 

150  ft.  and  up 8.00  "      " 

The  cost  of  pladng  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 
ditions and  equipment  that  it  is  difficult  to  give  general  costs. 

The  cost  of  driving  field  rivets  in  pin-connected  spans  will  vary  from  7  to  12  cts.  per  rivet, 
while  the  cost  of  driving  field  rivets  in  riveted  trusses  will  vary  from  6  to  10  cts.  per  rivet.  The 
number  of  rivets  in  riveted  low  truss  highway  bridges  depends  upon  the  number  of  panek  and 
the  style  of  details,  and  will  be  about  155  to  200  for  a  three-panel  bridge,  and  400  to  500  for  a 
six-panel  bridge.  The  number  of  rivets  in  through  riveted  highway  bridges  will  be  about  250  to 
300  for  a  four-panel  bridge,  and  1,300  to  1*500  for  a  nine-panel  bridge.  Pin-connected  bridges 
ordinarily  have  about  }  to  }  as  many  field  rivets  as  a  riveted  bridge  of  «milar  dimenaons. 

The  approximate  number  of  field  rivets  in  single  track  railway  bridges,  designed  for  E  55 
loading,  are  given  in  Table  VII. 

^  Ei^neering  and  Contracting,  Aug.  6,  1913. 


438 


ESTIMATES  OF  STRUCTURAL  STEEL. 


Chaf.  XIIL 


TABLE  VIL 

Number  of  Field  Rivets  in  Railway  Budges,  Single  Track,  E  55  Loading. 

(Harriman  Lines.) 


Plate  Gixdcn. 

Throudi  Truss  Bridges.                              | 

Deck. 

Thfougfa. 

Riveted. 

Pin-Connected.             | 

Span.  Ft. 

Number  of 
FieidRiveU. 

Span,  Ft. 

Number  of 
FieidRiveU. 

Span.  Ft. 

Number  of 
Field  RiveU. 

Span,  Ft. 

Number  of 
Field  RiveU. 

30 
40 

60 
70 
80 
90 
ICX> 

100 
200 
300 
400 
500 
500 

IS 

30 
40 

IS 

90 
100 

600 
1,200 
1,300 
1,700 
1,900 
2,000 
2,200 
2,400 

.  100 

no 

125 
140 
ISO 

2,900 
2,900 
4,300 
5,300 
S,6oo 

;is 

180 
200 

2,800 
3,000 
3,200 
3,200 

The  field  rivets  on  the  20th  St.  Viaduct,  Denver,  Colorado,  cost  7  cts.  each.  The  rivets 
were  driven  by  air  riveters. 

Actual  Costs  of  Erecting  Railway  Bridges. — ^The  cost  of  erecting  railway  bridges  on  the  A.  T. 
&  S.  F.  Ry.  in  1907  are  given  in  the  report  of  the  Assoc,  of  Ry.  Supt.  of  B.  &  B.  as  follows: — 

Trusses,  984  tons  erected,  cost  $4*63  per  ton. 

Plate  Girders,  2,784  tons  erected,  cost  $5.49  per  ton. 

I-Beams,  2,837  tons  erected,  cost  $2.88  per  ton. 
All  girders  and  I-beams  were  erected  with  a  steam  wrecker  and  the  through  spans  with  a  derrick 
car.  The  reason  for  the  plate  girders  costing  more  to  erect  than  the  through  trusses  was  that 
many  of  the  plate  girders  were  on  second  track  where  the  old  girders  had  to  be  cut  apart  and  moved 
to  the  outside  and  heavier  girders  put  in  their  place.  All  rivets  were  driven  by  hand.  For  addi- 
tional examples  of  actual  costs,  see  Gillette*s  "  Cost  Data." 

TransportatioiL — Fabricated  structural  steel  commonly  takes  a  "fifth-class  rate"  when 
shipped  in  car  load  lots,  and  a  "fourth-class  rate'*  when  shipped  "local"  (in  less  than  car  load 
lots).  The  minimum  car  load  depends  upon  the  railroad  and  varies  from  20,000  to  30,000  lb. 
Tariff  sheets  giving  railroad  rates  may  be  obtained  from  any  railroad  company.  The  shipping 
clerk  should  be  provided  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  so  that 
the  car  may  be  properly  loaded. 

Frdijht  Rates. — ^The  freight  rates  (1913)  on  finished  steel  products  in  car  load  shipments  from 
the  Pittsburgh  District,  including  plates,  structural  shapes,  merchant  steel  and  iron  bars,  pipe 
fittings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  and  bolts  (in  kegs),  black  sheets  (except 
planished),  chain,  etc.,  are  as  follows,  in  cts.  per  100  lb.  in  carload  shipments;  Albany,  16;  Buffalo, 
II;  Boston,  18;  Baltimore,  14};  Cleveland,  10;  Columbus,  12;  Cincinnati,  15;  Chicago,  18;  Denver, 
Colo.,  85};  Harrisburg,  14};  Louisville,  18;  New  York,  16;  Norfolk,  20;  Philadelphia,  15;  Rochester, 
11};  Richmond,  20;  Scranton,  15;  St.  Louis,  23;  Washington,  14). 

COST  OF  PAINTING. — ^The  amount  of  materials  required  to  make  a  gallon  of  paint 
and  the  surface  of  steel  work  covered  by  one  gallon  are  given  in  Table  VI IL  Structural  steel 
should  be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead  paint 
at  the  shop;  and  two  coats  of  first-class  paint  after  erection.  The  two  field  coats  should  be  of 
different  colors;  care  being  used  to  see  that  first  coat  is  thoroughly  dry  before  applying  the  second 
coat.  Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  every  three 
or  four  years. 

The  steel  work  in  the  extension  to  the  i6th  St.  Viaduct,  Denver,  Colo.,  was  painted  with  red 
lead  paint  mixed  in  the  following  proportions, — 100  lb.  red  lead,  2  lb.  lamp-black  and  4.125  gallons 
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of  linseed  oil.    This  mixture  made  6  gallons  of  mixed  paint  of  a  chocolate  color,  and  gave  1.455 
gallons  of  paint  for  each  gallon  of  oil. 

TABLE  VIII. 

AvERAGB  Surface  Covered  per  Gallon  op  Paint. 

Pencoyd  Hand  Book. 


Paint. 


Iron  oxide  (powdered). . . . 
Iron  oxide  (ground  in  oil) . 

Red  lead  (powdered) 

White  lead  (ground  in  oil) 
Graphite  (ground  in  oil) . . 

Black  asphalt 

Linseed  oil  (no  pigment). . 


Volume  of  OU. 


I  gal. 

I  gal. 

I  gal. 

I  gal. 

I  gal. 

I  gal.  (turp.) 

I  gal. 


Pounds  of 
Pigment. 


8.00 

H'75 
22.40 
25.00 
12.50 
17.50 


Volume  and 

Weight  of 

Paint. 


Gal.        Lb. 


1.2  =  16.00 

2.6  =  32.75 
1.4  -  30.40 

1.7  -  33.00 
2.0  »  20.50 
4.0  «  30.00 


Square  Feet. 


X  Coat.  3  CoaU. 


600 
630 
630 

630 
SI5 
875 


350 
375 
375 
300 
350 
310 


Light  structural  work  will  average  about  250  sq.  ft.,  and  heavy  structural  work  about  150 
sq.  ft.  of  surface  per  net  ton  of  metal,  while  No.  20  corrugated  steel  has  2,400  sq.  ft.  of  surface. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

The  price  of  paint  materials  in  small  quantities  in  Chicago  are  (1914)  about  as  follows: 
Linseed  oil,  50  to  60  cts.  per  gal.;  iron  oxide,  i  to  2  cts.  per  lb.;  red  lead,  7  to  8  cts.  per  lb.;  white 
lead,  6  to  7  cts.  per  lb.;  graphite,  6  to  10  cts.  per  lb. 

A  good  painter  should  paint  1,200  to  1,500  sq.  ft.  of  plate  surface  or  corrugated  steel  or  300 
to  500  sq.  ft.  of  structural  steel  work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  paint  mixed  with  30  lb.  of  lead  to  the  gallon 
of  oil  will  take  fully  twice  as  long  to  apply  as  a  graphite  paint  or  linseed  oil.  The  cost  of  applying 
paint  is  roughly  equal  to  the  cost  of  a  good  quality  of  paint,  the  cost  per  ton  depending  on  the 
spreading  qualities  of  the  paint.  This  rule  makes  the  cost  of  applying  a  red  lead  paint  with  30  lb. 
of  pigment  per  gallon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite  paint, 
per  ton  of  structural  steel.    For  additional  data  on  paints,  see  Chapter  XV. 

laSCEIXANBOnS  COSTS. — ^The  following  approximate  costs  will  be  of  value  in  making 
preliminary  estimates.  The  cost  of  construction  depends  so  much  upon  local  conditions  that 
average  costs  should  only  be  used  as  a  guide  to  the  judgment  of  the  engineer. 

MILL  BUILDING  FLOORS. — The  following  costs  are  for  floors  resting  on  a  good  compact 
soil  and  do  not  include  unusual  difficulties. 

Timber  Floor  on  Pitch-Concrete  Base. — ^The  cost  varies  from  about  $1.25  per  sq.  yd.  for  a 
2-in.  pine  sub^floor  and  a  }-in.  pine  finish,  to  about  $1.75  per  sq.  yd.  for  a  2-in.  pine  sub-floor  and  a 
{-in.  maple  finish. 

Concrete  Floor  on  Gnvel  Sub-base.— The  cost  varies  from  $1.25  to  $2.00  per  sq.  yd. 

Creosoted  Timber  Block  Floor. — Creosoted  timber  blocks  3  in.  to  4  in.  thick,  laid  on  a  6-in. 
concrete  base,  will  cost  from  $2.50  to  $3.50  per  sq.  yd. 

ROOFING  FOR  MILL  BUILDINGS.— The  following  cosU  include  the  cost  of  materials 
and  the  cost  of  laying,  but  do  not  include  the  cost  of  the  sheathing. 

Cofrngated  Steel  Roofing. — The  weight  of  corrugated  steel  roofing  and  riding  may  be  ob- 
tained from  Table  I,  Chapter  I.  The  price  of  corrugated  steel  may  be  obtained  from  current 
quoutions  in  Engineering  News  or  Iron  Age.  The  cost  of  laying  corrugated  steel  is  about  I0.75 
per  square  when  laid  on  plank  sheathing,  $1.25  per  square  when  laid  directly  on  the  purlins,  and 
$2.00  per  square  when  laid  with  anti-condensation  lining.  The  erection  of  corrugated  riding 
costs  from  I0.75  to  $1.00  per  square.    Asbestos  paper  costs  from  3}  to  4  cto.  per  lb.    Galvanized 
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wire  netting,  No.  19,  costs  25  to  30  cts.  per  square  of  100  sq.  ft.  Brass  wire,  No.  20,  costs  about  20 
cts.  per  lb.  No.  9  galvanized  wire  costs  about  3  cts.  per  lb.  For  trimmings,  flashing,  ridge  roll, 
etc,  add  i  ct.  per  lb.  to  the  base  price  of  corrugated  steel. 

Tar  and  Grayel  Roofing. — ^Four-  or  five-ply  tar  and  gravel  roofing,  for  average  conditions, 
costs  from  $3.75  to  $4.00  per  square,  not  including  sheathing.  Five  hundred  squares  of  5-ply 
tar  and  gravel  roofing,  in  1912,  in  the  middle  west,  cost  $3.93  per  squaie,  not  including  sheathing. 

Tin  Roofing. — ^Tin  roofing  costs  from  $7.00  to  $9.00  per  square,  not  including  sheathing. 

Slate  Rodfing. — Slate  roofing  costs  from  $7.00  to  $12.00  per  square,  not  including  sheathing. 

Tile  Roofing. — ^The  cost  of  tile  roofing  is  variable,  depending  upon  style  of  roof  and  location 
and  local  conditions,  and  may  vary  from  $13.00  to  $30.00  per  square,  not  including  sheathing. 

WINDOWS. — ^Windows  with  wooden  frames  and  sash,  and  double  strength  glass,  will  cost 
from  25  to  50  cts.  per  sq.  ft.  of  opening.  Windows  with  metal  frames  and  sash  and  wire  glass, 
will  cost  from  45  to  55  cts.  per  sq.  ft.  of  opening. 

SKYLIGHTS. — ^Slcylights  with  metal  frames  and  sash  and  wire  glass,  will  cost  from  50  to 
60  cts.  per  sq.  ft.  Skylights  made  of  translucent  fabric  stretched  on  wooden  frames,  will  cost 
from  25  to  30  cts.  per  sq.  ft.    Louvres  without  frames,  will  cost  about  25  cts.  per  sq.  ft. 

CntCULAR  VENTILATORS.— Circular  ventilatore  will  cost  about  as  follows: — 12-in., 
$2.00;  i8-in.,  $6.75;  24-in.,  $10.00;  36-in.,  $15.00  each,  when  ordered  in  lots  of  at  least  six. 

ROLLING  STEEL  SHUTTERS.— Rolling  steel  shuttere  will  cost  $0.75  to  $1.00  per  sq.  ft. 

WATERPROOFING. — ^The  following  costs  for  waterproofing  engineering  structures  are 
taken  from  the  Proceedings  of  the  American  Railway  Engineering  Association,  Vol.  12,  191 1. 
(i)  Bridge  floor,  6-ply  felt  and  pitch,  12)  cts.  per  sq.  ft.,  including  protection  over  waterproofing. 
(2)  Trough  bridge  floor,  4-ply  burlap  and  asphalt,  10  to  16)  cts.  per  sq.  ft.  (3)  Bridge  floor,  3*ply 
burlap  and  asphalt,  and  asphalt  mastic,  16  cts.  per  sq.  ft.  (4)  Concrete  slab  bridge  floor,  5-ply 
felt,  i-ply  burlap  and  pitch,  15)  cts.  per  sq.  ft.,  including  a  10  year  guarantee. 

MISCELLANEOUS  MATERIALS.— The  following  prices  are  for  small  lots,  f.o.b.  Pittsburgh 
(May,  1914). 

Chain. — Standard  chain,  ^  in.,  7)  cts.  per  lb.;  i  in.,  3  cts.  per  lb.;  i  in.,  2.6  cts.  per  lb. 
For  BB  chain,  add  i )  cts.  per  lb.,  and  for  BBB  chain,  add  2  cts.  per  lb. 

Naila. — Base  price  of  nails,  $2.00  per  keg  of  100  lb. — 2od  to  60  d  nails  are  base;  for  lod  to 
i6d,  add  5  cts.  per  keg;  for  8d  and  9d,  add  10  cts.  per  keg;  for  6d  and  7d,  add  20  cts.  per  keg; 
for  4d  and  5d,  add  30  cts.  per  keg;  for  3d,  add  45  cts.  per  keg,  and  for  2d,  add  70  cts.  per  keg. 

Gas  Pipe. — Gas  pipe  costs  about  as  follows: — ^Standard  gas  pipe  i  in.  diam.,  black,  3)  cts. 
per  ft.,  glavanized,  5  cts.  per  ft.;  2  in.  diam.,  black,  7}  cts.  per  ft.,  galvanized,  1 1  cts.  per  ft.;  3  in. 
diam.,  black,'  16)  cts.  per  ft.,  galvanized,  23  cts.  per  ft. 

Steel  Raifroid  Rails. — Bessemer  rails,  $28  per  gross  ton  (2240  lb.);  open-hearth,  $30  per 
.  gross  ton. 

Wire  Rope. — ^The  cost  of  steel  wire  rope  is  about  as  follows: — }  in.  rope,  10  cts.  per  lineal  ft.; 
)  in.  rope,  13  cts.  per  lineal  ft.;  i  in.  rope,  20  cts.  per  lineal  ft.;  1}  in.  rope,  45  cts.  per  lineal  ft. 

Manila  Rope. — Manila  rope  costs  about  12)  cts.  per  lb.    Sisal  rope  costs  about  9  cts.  per  lb. 

HARDWARE  AND  MACmNISTS  SUPPLIES.— Prices  of  hardware  and  machinists 
supplies  are  for  the  most  part  quoted  by  giving  a  discount  from  standard  list  prices.  The  "  Iron 
Age  Standard  Hardware  Lists,"  price  $2.00,  may  be  obtained  from  the  Iron  Age  Book  Department, 
239,  W.  39th  St.,  New  York.  Discounts  from  these  standard  lists  are  given  each  week  in  Iron 
Age.  The  base  prices  of  structural  materials  are  given  in  the  first  issue  of  each  month  of  Engineer- 
ing News,  and  are  given  in  each  issue  of  Iron  Age. 

REFERENCES. — ^For  detailed  estimates  of  steel  mill  buildings  and  additional  daU  on  the 
cost  of  steel  mill  buildings  see  the  authore  "  The  Design  of  Steel  Mill  Buildings."  For  detailed 
estimates  of  steel  highway  bridges  and  additional  data  on  the  cost  of  steel  highway  bridges,  see 
the  author's  "  The  Design  of  Highway  Bridges."  For  data  on  the  cost  of  retaining  walls,  bins  and 
grain  elevators,  see  the  author's  '*  The  Design  of  Walls,  Bins  and  Grain  Elevaton."  For  data 
on  the  cost  of  steel  head  frames,  coal  tipples,  and  other  mine  structures,  see  the  author's  "  The 
Design  of  Mine  Structures." 


CHAPTER  XIV. 
Erection  of  Structural  Steel. 

METHODS  OF  ERECTION.-- The  method  used  in  erecting  a  steel  structure  will  depend 
upon  the  type  of  structure,  the  size  of  the  structure,  the  risk  to  be  taken,  as  in  bridge  erection, 
whether  the  structure  is  to  be  erected  without  interfering  with  traffic,  as  in  erecting  a  railroad 
bridge  to  replace  an  existing  structure,  or  in  erecting  a  building  over  furnaces  or  working  machinery, 
the  available  tools,  and  local  conditions.  The  tendency  of  modem  structural  steel  erection 
practice  is,  as  far  as  possible,  to  use  derrick  cars  for  erecting  railway  bridges  and  locomotive  cranes 
for  erecting  mill  buildings  and  other  structures. 

The  methods  of  erection  that  may  be  used  for  erecting  different  steel  structures  are  as  follows. 

Plate  Girders  and  Short  Riveted  Spans. — Plate  girders  up  to  about  60  ft.  span  are  very 
commonly  riveted  up  complete  with  cross  frames  and  bracing,  either  at  the  shop  or  at  the  site,  and 
are  placed  in  position  on  the  abutments.  With  plate  girders  longer  than  60  ft.  and  short  riveted 
trusses  one  girder  or  truss  is  placed  in  position  at  a  time  and  the  floorbeams  and  bracing  are  put 
in  place  after  the  girders  or  trusses  are  in  place.  The  girders  or  trusses  may  be  swung  into  place 
by  a  stiff-leg  derrick  or  a  guy  derrick  set  up  alongside  the  track  or  back  of  the  abutment  where 
there  is  no  track;  by  a  derrick  car,  or  may  be  hoisted  into  place  by  a  gin  pole.  Where  falsework 
has  been  placed  girders  are  picked  up  from  the  cars  by  two  gallows  frames,  one  near  each  end  of  the 
span,  or  by  one  gallows  frame  and  a  derrick.  Plate  girders  may  also  be  put  in  place  by  sliding 
into  place  either  longitudinally  or. transversely,  or  by  jacking  and  cribbing. 

Truss  Bridges. — Riveted  trusses  up  to  a  span  of  100  to  125  ft.  may  be  riveted  up  on  the 
bank  and  be  swung  into  place  by  a  boom  traveler  or  a  derrick.  The  floorbeams  and  bracing 
are  then  put  in  place  and  the  span  riveted  up.  Where  falsework  is  required  the*  bridge  may  be 
erected  by  a  gantry  or  outside  traveler  placed  outside  of  the  trusses,  by  a  boom  traveler  running 
on  a  track  placed  inside  the  trusses,  or  by  a  derrick  car.  The  gantry  or  outside  traveler  is  com- 
monly used  for- long  spans  and  for  highway  spans  where  no  tracks  are  available.  The  boom 
traveler  is  commonly  used  for  elevated  railway  and  highway  viaducts.  The  derrick  car  is  now 
commonly  used  for  erecting  railway  bridges  and  is  sometimes  used  for  erecting  viaducts. 

Cantilever  Bridges. — Cantilever  bridges  are  commonly  erected  by  means  of  an  overhang 
traveler  running  on  the  completed  portion,  the  structure  being  built  out  from  the  shore.  Canti- 
lever bridges  are  sometimes  erected  on  falsework  in  the  same  manner  as  simple  trusses. 

Arch  Bridges. — ^Arches  may  be  erected  on  falsework  in  the  same  manner  as  simple  truss  spans, 
or  may  be  cantilevered  out  from  each  abutment,  the  cantilever  being  supported  by  temporary 
cables  running  over  a  tower  placed  back  of  the  abutments. 

Sgh  Viaducts. — ^High  steel  viaducts  are  commonly  erected  by  means  of  an  overhang  or 
boom  traveler  running  on  a  track  on  top  of  the  viaduct  girders.  The  overhang  or  boom  is  long 
enough  to  place  a  tower  in  advance  with  the  traveler  on  the  completed  portion.  Derrick  cars 
have  also  been  used  for  erecting  high  steel  viaducts.  The  towers  and  the  girders  may  be  erected 
by  means  of  gin  poles.  The  tower  bents  may  be  bolted  up  before  raising  or  may  be  erected  and 
bolted  up  in  place. 

Roof  Trusses,  Mill  and  Office  Buildings. — ^Where  there  is  sufficient  room,  roof  trusses  up 
to  150  ft.  span  may  be  riveted  or  bolted  up  on  the  ground  and  may  then  be  raised  into  position 
by  means  of  one  or  two  gin  poles.  Two  gin  poles  should  be  used  for  long  trusses.  Care  should 
be  used  not  to  cripple  the  lower  chord.  V^th  light  trusses,  the  lower  chord  members  should  be 
stiffened  by  means  of  timbers  or  other  stiff  members  temporarily  bolted  or  lashed  to  the  member. 
Columns  and  beams  in  office  buildings  may  be  erected  with  stiff-leg  or  guy  derricks,  or  "A" 
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derricks  may  be  used  for  loads  up  to  5  tons.  The  bents  of  steel  mill  buildings  may  be  erected  in 
the  same  manner.  Roof  arches  and  train  sheds  are  sometimes  erected  by  means  of  falsework, 
which  is  moved  as  the  erection  proceeds.     Boom-tower  derricks  running  on  tracks  are  found 


(a)  Crab 


(b)  Winch 


^-'Boiler 
fDrum 


{Spool,  or 
Winch,  or 
Nfg^erHedd 


(c)  Derrick  Crab 


(d)  H01STIN6  Engine 


Fig.  I.    Hoists  for  Steel  Erection. 


very  convenient.    Locomotive  cranes  are  now  used  for  erecting  mill  buildings  and  similar  struc- 
tures where  tracks  are  available. 

Elevated  Towers  and  Tanks. — ^The  towers  for  high  tanks  are  commonly  erected  by  means 
of  a  gin  pole.  A  gin  pole  long  enough  to  erect  the  entire  tower  may  be  used,  or  short  gin  poles 
may  be  lashed  to  the  part  of  the  tower  already  erected ;  the  gin  poles  being  moved  up  as  the  erection 
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proceeds.  Steel  tanks  are  commonly  erected  from  a  movable  platform  suspended  inside  the 
tank.    A  movable  swinging  platform  for  the  riveters  is  also  swung  outside  of  the  tank. 

ERECTION  TOOLS. — ^The  tools  and  appliances  used  in  the  erection  of  structural  steel  vary 
80  much  that  it  will  only  be  possible  to  give  a  brief  summary  together  with  data  not  ordinarily 
available.  Many  of  the  tools  and  appliances  used  in  the  erection  of  structural  steel  are  of  standard 
contruction  and  may  be  purchased  direct  from  dealers,  so  that  a  detailed  description  is  not  neces- 
sary. 

Desiga  of  Erection  Tools. — For  the  design  of  hoists,  derricks,  cranes,  crane  hooks,  and  other 
took  used  in  bridge  erection,  see  Hess's  "Machine  Design,  Hoists,  Derricks,  Cranes,"  published 
by  J.  B.  Lippincott  Company. 

Hoists. — Hoisting  engines  may  have  the  boilers  attached  or  may  be  detached.  A  self-con- 
tained steam  hoisting  engine  is  shown  in  Fig.  i.  Gasoline  or  electric  power  may  be  used  to 
advant£^:e  where  available.  For  light  hoisting  the  4-spool  engine  is  commonly  used.  Data  for 
the  standard  hoisting  engines  used  by  the  American  Bridge  Company  are  given  in  Table  I. 

Winches  and  Crabs. — For  light  hoisting  winches  or  crabs  operated  by  hand  power  may  be 
used.  A  crab  is  attached  to  the  mast  or  boom,  while  a  winch  is  self-contained.  Views  of  a  crab 
and  of  a  winch  are  shown  in  Fig.  i. 

HOISTING  ROPE.— Either  manila  rope  or  wire  rope  may  be  used  for  hoisting. 

Manila  Rope. — Only  the  very  best  new  manila  rope  should  be  used  for  hoisting,  as  manila 
rope  rapidly  deteriorates  when  used  and  commercial  manila  rope  varies  greatly  in  strength.  The 
weight,  ultimate  strengths  and  safe  working  loads  for  manila  rope  are  given  in  Table  II.  Working 
loads  with  a  factor  of  safety  of  three  should  only  be  used  with  new  rope  of  the  best  quality.^ 

TABLE  I. 
Standard  Hoisting  Engines.    American  Bridge  Company. 


Ordlnaxy 
Rated 
H.P. 

Leadline 

Pull 

Single  Line 

Average 

Speed,  Lb. 

Weight 

with  Boiler. 

Lb. 

Drums. 

1^ 

In. 

BoUen. 

Bed.          1 

Diam.. 
In. 

Length. 
In. 

Diam.. 
In. 

Length. 
In. 

Width, 
Ft-In. 

Length. 
Ft-In. 

Double  Drum, 

4  Spool 

Double  Drum, 

6  SpoS^. '.'.'-'.*. 
8  Spool 

20  H.  P. 

35  H.  P. 
45  H.  P. 
6bH.P. 

5,000 

9,000 
12,000 
15,000 

12,000 

15,000 
22,000 
30,000 

14 
16 

26 

27 
30 

34 

17 

19 
22 
22 

4^ 

46 
50 
54 

96 

108 
108 
108 

5^ 

6-0 
7-0 
8-^ 

a-o 

lO-O 
II-O 
12-0 

TABLE  II. 

Manila  Rope.    Ultimate  Strength,  Weight  and  Working  Stress  op  Best 

Manila  Rope. 


Diameter,  In. 

Circumference 
of  Rope*  In. 

Weight  100  Ft. 
Rope,  Lb. 

Ultimate 
Strength.  Lb. 

Working  Load  for  Derricks. 

Minimum  Size 

Used  Rope. 
Factor  of  6.  Lb. 

New  Rope. 
Factor  of  3*  Lb> 

of  Drum  or 
Sheave,  In. 

2i 

1-57 
i.37 
2^75 
3.14 
3.93 
4.71 

iil 
7.86 
9.4a 

7 
17 

84 
"5 
175 
252 

1,800 

4,000 

5,400 

7,200 

11,200 

16,000 

21,600 

28,500 

45,000 

64,200 

670 
900 
1,200 
1,870 
2,670 
3,600 
4,750 
7.500 
10,700 

600 
1.340 
1,800 
2,400 
3,740 
5,340 
7,200 
9,500 
15,000 
21,400 

8 

10 
12 

\t 
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Knots  in  Manila  Rope. — In^a  knot  no  two  parts  which  lie  alongside  of  each  other  should 
move  in  the  same  direction  in  case  the  rope  were  to  slip.  A  few  of  the  more  common  knots  are 
shown  in  Fig.  2  which  has  been  taken  from  C.  W.  Hunt  Company's  book  on  "  Manila  Rope." 


I.  Bight  of  a  rope. 

3.  Simple  or  Overhang  Knot. 

3.  Figure  8  Knot. 

4.  Double  Knot. 

5.  Boat  Knot. 

6.  Bowline,  first  step. 

7.  Bowline,  second  step. 

8.  Bowline,  completed. 

9.  Square  or  Reef  Knot. 

10.  Sheet  Bend  or  Weaver's  Knot. 

11.  Sheet  Bend  with  a  toggle. 

12.  Carrick  Bend. 

13.  "Stevedore"  Knot  completed. 

14.  "Stevedore"  Knot  commenced. 

15.  Slip  Knot. 


16.  Flemish  Loop. 

17.  Chain  Knot  with  toggle. 

18.  Half-hitch. 

19.  Timber-hitch. 

20.  Clove-hitch. 

21.  Rolling  hitch. 

22.  Timber-hitch  and  Half-hitch. 

23.  Black-wall-hitch. 

24.  Fisherman's  Bend. 

25.  Round  Turn  and  Half-hitch. 

26.  Wall  Knot  commenced. 

27.  Wall  Knot  completed. 

28.  Wall  Knot  Crown  commenced. 

29.  Wall  Knot  Crown  completed. 


"The  bowline  7  is  one  of  the  most  useful  knots;  it  will  not  slip,  and  after  being  strained  is 
easily  untied.  Commence  by  making  a  bight  in  the  rope,  then  put  the  end  through  the  bight 
and  «nder  the  standing  part  as  shown  in  Fig.  2,  then  pass  the  end  again  through  the  bight,  and 
haul  tight. 

"The  square  or  reef  knot  9  must  not  be  mistaken  for  the  'granny'  knot  that  slips  under  a 
strain.  Knots  8,  10  and  13  are  easily  untied  after  being  under  strain.  The  knot  13  is  useful 
when  the  rope  passes  through  an  eye  and  is  held  by  the  knot,  as  it  will  not  slip,  and  is  easily  untied 
after  being  strained. 

TABLE  III. 

Cruciblb  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Working  Loads  of 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


MiniHinm  Size  of  Drum  or 

Dfauneter. 
In. 

AppraziiKuite 

Ciicuniferenoe, 

In. 

Weight  per 
Ft..  Lb. 

ing  Sticfli,  Lb. 

Safe  Working  StzeM 

for  Oerxicks.  Factor 

of4.Ll). 

Sheave.                      | 

Derrick!,  In. 

Rapid  Hoiat- 
ing.  In. 

1 

0.22 

10,000 

2,500 

6 

12 

A 

0.30 

13,600 

3400 

7l 

15 

} 

0.39 

17,600 

-MOO 

9 

18 

A 

I 

0.50 

22,000 

S»500 

10 

21 

0.62 

27,200 

6,800 

12 

^l 

ii 

0.89 

38,800 

9,700 

14 

36 

1.20 

52.000 

13,000 

18 

^ 

1.58 

68,000 

17,000 

20 

48 

3i 

2.00 

84,000 

21,000 

22 

54 

245 

100,000 

25,000 

H 

60 

Jt 

300 

124,000 

31,000 

27 

66 

3-55 

144,000 

36,000 

30 

69 

"The  timber-hitch,  19,  looks  as  though  it  would  give  way,  but  it  will  not;  the  greater  the 
strain  the  tighter  it  will  hold.  The  wall  knot  looks  complicated;  but  is  easily  mafie  by  pro- 
ceeding as  follows:  Form  a  bight  with  strand  a  and  pass  the  strand  b  around  the  end  of  it,  and 
the  strand  c  around  the  end  of  5,  and  then  through  the  bight  of  a,  as  shown  in  the  engraving  26. 
Haul  the  ends  taut,  when  the  appearance  is  as  shown  in  27.    The  end  of  the  strand  a  is  now  laid 
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25      24       25  26       27      28        29 

\\\  \\ 

30  3/  32  33  34 

Fig.  2.    Knots  in  Manila  Rope. 
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over  the  centre  of  the  knot,  strand  b  laid  over  a,  and  c  over  b,  when  the  end  of  c  is  passed  through 
the  bight  of  a,  as  shown  in  28.    Haul  all  the  strands  taut,  as  shown  in  29.*' 
The  efficiency  of  a  knot  wiU  vary  from  45  to  75  per  cent. 

TABLE  IV. 

Plough  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Working  Loads  of  Wire 
Rope  Composed  of  6  STRAia>s  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


Minimum  Sise  of  Drum 

DiuneCer. 
In. 

Appfadmate 
In. 

Wdshtper 
Foot.  Lb. 

Bxyaking 
StxcH^Lb. 

S^WorUscSticn 

for  Derricks, 

Fkctor  of  4.  Lb. 

or  Sbeave. 

Derricks.  In. 

Rapid  HoisUng. 
In. 

i 

li 

0.22 

11,500 

2,870 

9 

18 

t 

I 

0.30 

16,000 

4,000 

loi 

21 

!■ 

0.39 

20,000 

S,ooo 

12 

H 

f, 

I 

aso 

24,600 

6,150 

14 

27 

2 

0.62 

31,000 

7,750 

It 

33 

3 

0.89 

46,000 

11,500 

39 

1.20 

58,000 

i4»50o 

18 

48 

3, 

1.58 

76,000 

19,000 

20 

54 

IV 

3i 

2.00 

.     94.000 

23,500 

24 

60 

I 

4, 

^45 

116,000 

29,000 

28 

72 

ji 

3.00 

144,000 

36,000 

H 

81 

355 

164,000 

41,000 

36 

84 

TABLE  V. 
Data  on  Wooden  Blocks  for  Manila  Rope. 


American  Bridge  Company. 


Type  of  Block. 


Nomi- 


Siae. 
In. 


Width 
of  Shell. 


ThkkneM 
of  BkKk. 


Ca* 
padty. 
Tons. 


SbeofLincIn. 


Outside 

Diameter 

of  Sheave. 

In. 


W« 


'gr 


Single  with  hook 

Double  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle 

Sin^e  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle 

16"  snatch  block 

20''  snatch  block 


8 
8 

12 
12 
12 

14 
14 
14 
14 

16 
16 
16 
16 

20 
20 
20 
20 
16 
20 


Hi 


2 
4 

5 
7 
8 

6 
10 
12 
14 

8 
12 

15 
20 

15 

22 

30 

35 

5 

8 


It 
li 
It 

I 
I 

r\ 

if 
If 
If 
1} 


2  or  2; : 
2  or  2  : 
2  or  2  : 
2  or  2} 
I  or  I J  or  ij 
i)  or  if  or  2  or  2t 


:! 


9 
9 

9 
9 

10 : 
10 
10; 

12 
12 
12 
12 

8 

9 


15 

20 

45 
70 

95 

70 

"5 
150 
190 

90 
140 
190 
270 

170 
230 
360 
430 
50 
95 


Wire  Rope. — ^Wire  hoisting  rope  is  now  used  for  heavy  hoisting  and  in  all  cases  where  prac- 
ticable.   Wire  rope  is  mach  more  reliable,  gives  much  greater  service,  and  is  much  more  eco- 
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nomical  and  satisfactoxy  than  manila  rope.  Data  on  crucible  cast  steel  hoisting  rope  are  given 
in  Table  III;  and  data  on  plough  steel  hoisting  rope  are  given  in  Table  IV.  A  factor  of  safety 
of  4  should  be  used  for  working  loads  only  with  derricks  or  hoists  that  are  not  in  continuous 
action.  For  pile  driving  and  for  continuous  hoisting  a  factor  of  safety  of  6  should  be  used  for 
working  loads.  Wire  ropes  used  in  hoisting  are  commonly  |,  i  and  {  in.  in  diameter.  The  smaller 
diameters  are  used  for  guy  lines.  For  standing  guy  lines  a  cheaper  wire  rope  will  usually  be 
found  satisfactory.     Bending  stresses  in  wire  ropes  are  given  in  Fig.  7,  Chapter  X. 

HOISTIHG  TACKLE. — Blocks  for  both  manila  rope  and  wire  rope  are  made  with  wooden 
flliells  and  with  steel  shells.  Blocks  up  to  12  to  15  tons  capacity  are  commonly  provided  with 
hooks;  blocks  for  heavier  loads  are  provided  with  shackles.  Blocks  should  be  well  built  with 
adequate  bearings  and  carefully  worked  out  details.    The  common  types  of  blocks  are  shown  in 

Fig.  3. 

Data  on  wooden  blocks  for  Manila  rope  as  used  by  the  American  Bridge  Company  are  shown 
in  Table  V. 

Data  on  steel  blocks  for  wire  rope  as  used  by  the  American  Bridge  Company  are  shown  in 
Table  VI. 

TABLE  VI. 
Data  on  Steel  Blocks  for  Wire  Rope.    American  Bridge  Company. 


Type  <tf  Bk>ck. 


Width  of 
SbelLIn. 


ThickneflB 

of  Block. 

In. 


opacity, 
Tons. 


Sue  of 
Line,  In. 


Outside 
Diameter  of 
Sheave,  In, 


W< 


tt' 


Snatch  with  hook 

Single  with  shackle 

Double  with  shackle. . . 

Triple  with  shackle 

Quadruple  with  shackle 
Six  sheave  with  shackle 


17 
21 
21 
21 
21 
21 


8i 
11} 

SI 


.8 
10 
20 
30 
40 
60 


fandl 


14 
14 
14 
H 
H 
14 


260 
250 
390 
S90 
820 
1,260 


-The  rigging  for  lifting  loads  with  wire  rope  are  given  in  F^.  4,  and  for  manila 
rope  in  Fig.  5.  These  data  are  based  on  experiments  made  by  the  American  Bridge  Company, 
and  have  been  adopted  as  standard  by  the  American  Bridge  Company  and  the  McCUntic-Marshall 
Construction  Company. 

TABLE  VII. 

Ratios  of  Load  to  Pull  in  Lead  Line. 


Woik- 
Lb. 

Manila  Rope. 

Diam.or 
Rope.  In. 

Uft  per  Unit  PuU  in  Lead  Line  for  Tackle  with  Farts  as  f oUowi. 

I 

2 

3 

4 

5 

6 

71819! 

10    1    XI 

12 

»3 

14 

i 

1,900 

0.86 

193 

2.73 

348 

4.12 

4.71 

1 
5.23  \S-7i 

6.12! 

6.50 .6.83 

7.14 

740  7.64 

2,300 

0.83 

1.92 

2.68 

3«37 

3.95 

44« 

4-92  ,5.32 

5.66  5.96  |6.22 

6.45 

6.64  16.82 

I 

3»ioo 

0.87 

1-93 

2.74 

3.50 

4.16 

4.77 

5.30  jS-80 

6.23  16.63 1^98 

7.30 

7-58  7.8s 

I 

4,300 

0.83 

1.92 

2.68 

3.37 

3.95 

448 

4.92  15.32 

5.65  15.96  6.21 

6.44 

6.63 

6.8  X 

I 

S»900 

0.83 

1.91 

2.67 

3.36 

3-93 

445 

4.89  ts-28 

5.61  -5.91 

6.15 

6.38 

6.56 

6.73 

I 

7.900 

0.81 

1.91 

2.64 

3.30 

3.84 

4.33 

4-72  15.08 

5-37  15-64 

5.85 

6.04 

6.20 

6.34 

2 

10,300 

0.82 

1.91 

2.65 

3.32 

3.87 

4-37  14.78  j5.i4 

545  ;5.72 

5-94 

6.15 

6.31 

646 

2l 

i3»ioo 

0.80 

1.90 

2.63 

3.28 

3.80 

4.28  4.6s  .5.00 

5.27  5.52 

5-72 

5.90 

6.04 

6.17 

Wire  Rope- 

i 

16,600 

0.86 

1.93 

2.73 

3-47   I4.11 

4.70 

5.20 15.68  kos 

6.4616.78 

7.08  i7.34 

7.5« 
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(a)  (t>)  (c)  (d) 

Block  wrrM  SmvEL  Hook  Block  with  Shackle 

STEEL  SHEAVE  BLOCKS  FOR  W/fiE  ROPE 


Jtl^' 


-Becket-' 


(e)  (F)  (g)  (h) 

WooPEH  Sheave  Block  with  Becket    Snatch  Blocks  with  Hooks 


a) 


0'> 


FallUheBau    IVtKHTED  Sheave 
Block 

Fig.  3.    Blocks  for  Hoisting. 


Ck)  O) 

Strap  Sheave  Blocks 
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Tons 


10 


20 


iO 


40 


60 


Lead/Jne 
Pu//-/J>s^ 


5,700 


8,  BOO 


10,600 


10,700 


R/gg/ng 


f  mre  Rope 


DoMa 
4  Parts 
Dovl>/e 


fiK 


\ 


Trip/a 

eParts 

Trip/e 


^|/0^^^ 


fn 
SParts 
QuadruphXj 


4Mts    \ 
Doah/e\ 


Tr/p/e 


^ip/e 
SParts 
Quadrvp/e' 


J 


/:>6S6m 


/3P^^ 
eS/feave 


Lift  LeadU/ie 
Tons  Pu/Z-Lbs^ 


10 


20 


30 


40 


60 


7,400 


9,300 


//,  700 


/3,400 


/6,600 


Dout/e 
3  Parts 
5/ng/a 


FN 

\ 


Trip/a 

spirts 

Doub/e 


FN 


Quadrup/a 
7  Parts 
Tr/p/e 


FN 


>/ng/.C 
3Paf'ts  \ 
S/ng/eX: 


3  Part  A 
DoMa^ 


/O^Jr/p/eC 
TP^ts 
Tr/p/a  Nb 


SPan 
Quadruple 


^^ 


/SP^is    \ 
€5heafm^ 


un 

Tboa 

LadLm* 
PiiU-Lbs- 

Rigg/ng 
f  mre  Rope 

10 

7.S00 

Doub/a 
5  Parts 
Single 

ij 

20 

11.000 

Coub/a 
4  Parts 
Doub/e 

" 

4Pgrt3    \ 

50 

15.800 

Trip/e      C 
6  Parts 
Tr/p/e      t 

r 

6fiarts     \ 
Tr/ph  Nd 

40 

15,000 

(^adrup/ei,^ 

SParts 

Quadrup/eK 

^ 

60 

19,000 

Best  Crudb/e  Cast  Stee/ Ho/st- 
/ng  Rope  :  6  Strand,  /9  /fTres  to  a 
Strand  and /femp  Core* 

T/fese  ya/ues  are  on/y  for  tack/e 
as  s/joivn  •  /F  t/?e  /ead  //ne  /s  snatc/h- 
ed  or  passes  over  a^/t/onaf  sheaves^ 
capac/ty  d/m/n/s/tes* 


Lifting  Capacity  of  Tackle 

stfel  shell  blocks 

w/th  hz/re  rope 


Fig.  4. 


30 
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an 

Tens 


Rising 


Tons 


lVM9nihRop€ 


in 

Tans 


Rigging 


5ingk 


SmgU 


\i 


10 


Tripie     p 
Spirts 
Doubh   Xi 


CyODcMm 


3PSart3 
Singh 


\ 


Os^hgh  C 


3P^fts 


\ 


Os^C 


II 


Triph 
6Pi9rt3 


PcMe 
Dcvb/e 


I    4krt3 


4krts   \ 


4/'l8rts 

i>oM€ 


1    4^ 


Singk 
4^ts 
Doubie 


,■1 


12 


Tr/p/e 

6P»rb3 

Tripi€ 


Tiiple 


4F9rt3 
OmM€ 


It^fi 


4^r^3 


8 


Ihubl^ 
4P»^t 


15 


Sfigrts    U 


8 


Tr/ph 

6P9rt3 

Tr/p/0 


2KOsAji 
\    6Pm 


poifbh 


6  Part3 


\ 


JhM4 

4P9rt3 

Doubk 


f 


Doubled 


14 


aft 

Tons 


20 


22 


24 


26 


28 


Pigg/ng 
Z" Manila  Pop€ 


Trip/4 

6P^rt3 

TripU 


DvOsAw^#C 

u  ^^^  \ 


Trip/e 

eParts 

Trip/e 


6Wr^3   \ 
Tr/p/eyC 


Spirts   \ 
Qu9drtip/yC 


(M!rvph^ 
SParta 


OsTnphC 

7^d3    i 

Tr/p/e^X. 


[f^ 


7rip/0 


SPir^  \ 


/Z'Sioeks  forli'Rope^ 
Capacity  op  B/ock3 

Smgio  mtifHook,  5  Tons* 

ihab/otMf/too/c.  7  Tons* 

Trip/a  mth  Hook.  8  Tons. 

Approximatajuffon/ead  /ina,  2  Tons* 

/4' B/oeks  for /i'lRopo* 

Capacity  oP  B/ocks 

Singio  with  Nook,  6  Tons* 
/>oui/e>¥i^Nook,/OTons» 
Tr^  wit/f  Hook,  /?  Tons- 
Qua(h'up/otria>S/fackh,/4Tona. 
Approximate  puff  on  ka^/ino,  3  lama* 
ZO'8/oeks  for  2' Rope- 
Capacity  oP  Blockis 

Singia  mth  SiiockU,  /5  Tons* 
Ikwbh  wit/f  Shackk,  22  Tons- 
Trip/e  mtkShack/e,  30  Tons- 
Quadrapie  trit/f  Sifackie,  SS  Tons- 
Approx/mate  paff  en  iead /iie,  S  Tons- 
These  va/i/es  are  on/y /or  tack/e  as  s/90f¥n.   /P /esd 
iine  is  snatc/iodorpassan  oimraMUbna/s/mmSp 
cepae/ty  dim/nis/foa- 

L/FT/N6  CAPAC/TY  OP  TacKLE 
WOOXNSHEU  SLOCKS  W/TH  /4AN/IA  ROPE* 

Fic.  5. 
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'  of  Tadde. — ^The  eflkaency  of  rigging  as  calculated  from  tests  made  by  the  Ameri- 
can Bridge  Company  is  given  in  Table  VII.  The  tables  may  be  used  in  calculating  the  loads 
that  can  be  lifted  by  tackle  as  follows: — 

Given  pull  in  lead  line,  to  find  load  lifted — ^Divide  the  pull  by  1.20  each  time  line  is  snatched 
or  passes  over  sheaves  other  than  those  in  tackle  blocks;  multiply  quotient  by  ratio  of  load  to 
lead  line  pull.  Table  VII,  and  the  result  is  the  load  lifted.  For  eicample,  lead  line  pull  of  engine 
»  10,000  lb.;  rigging  as  fellows: — 2  snatch  blocks,  2  sheaves,  and  7  parts  of  i}  in.  line  in  main 

10,000 
falls.    Then  Load  lifted  = X  4-89  =  23,600  lb.    If  load  to  be  lifted  is  given,  to  find 

(I.20;* 

pull  in  lead  line,  reverae  above  operation. 


TABLE  VIII. 
Data  on  Chains.    American  Bridge  Company. 


Stmt, 

Wd^t 

Ontade 

Ontmie 

Proof  Test 

Ultimate 

Working 

Working 

Diam.af 

per  Foot 

Lensthaof 

Widthof 

in  Lb 

StxensUiin 

Load  in  Lb. 

Load  in  Lb. 

Bar.  In. 

mUi. 

Links  in  In. 

Links  in  In. 

Lb. 

Factor  of  3. 

Factor  of  4^ 

^ 

2.5 

2l 

li 

7,700 

15,000 

5,000 

3,800 

4.10 

3, 

24 

12,000 

23,000 

7,600 

5,700 

:  • 

6.70 

3i 

2f 

17,000 

33,000 

11,000 

8,200 

8.37 

4^ 

22,000 

43,000 

14,300 
18,600 

10,700 

10.50 

^f 

29,000 

56,000 

14,000 

I  : 

13.62 

'i 

37,000 

71,000 

23,600 

17,700 

I  : 

16.00 

4 

46,000 

88,000 

29,300 

22,000 

« 

19.25 

6i 

4 

5S,ooo 

106,000 

35,300 

26,500 

23.00 

7, 

5 

66,000 

126,000 

42,000 

31,500 

28.00 

7f 

5i 

74,000 

141,000 

47,000 

35,200 

zf  Rin^  Chain 

../' 

Total  IVet^ht  oF  Chain  =  L'C6-^0)  +  il-7 

^  Hoo/c*3  i'h 

«- Z'  - 

Totai  IVeiffht  oF Chain  ^'L'(6^^C!)  +^4-4 

//oak  Chain 


I  04.     \ 


i  Hoo/(  Chain 


Hooi(  *5 


^    Tmn 


£!®®;;yj^@®^ '@^^ 


Tota/  might  oF  Chain  -  L'(f-?0)  ^■4S-S 
(/sua/  Length  oF  L' is  8  Feet- 


Hook:* 3 


Fia  6.    Chains. 
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^^ 


Si'    /rif,/f' 


jp/KET  Hammer 
Weight- 5  lbs- 


ft 


Back/ns  Our  Punch 


w 


o: 


PlVET  BUSTE/t 


i/f'        ».       ,        //i     A7'    /i; 

Handle  6ou6e  Cold  cutter 

/  ,1:^'— ,  K^       {%- — *!  f^  i$«; xr 

S^itel^:;^®     @5^G^3t;^0      ©5/o:^3^© 

i'^^3^1'      ip^^^'r        ii\^'^r 

J  Riv£T  Set  (SNAP)       i' Rivet  Set  (Snap)  i' Rivet  Set  (Snap) 


?r 


j" Rivet  Set  (Snap) 


7V 


^^ 


iPmwMAUL 


I' Rivet  Set  (Snap) 
S'toS' 


C 


/• 


Pin  Maul 


Drift  Pm 


Fig.  7.    Tools  fo&  Steel  Erection.    American  Bridge  Company. 
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3' 


coflf  r/«scz 


RiY£T  Buster 
2'i' 


^^1' 


Shackle  Bar 


i'Sti'/i^  Wrenches 


Fig.  8.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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i  8'  \     l'8'     ;"3i> 
Straight  Douy 


.^/4  ror^  nvetS'     fji  far^  rivets 
Y^^ Far  V rivets  y-^' for  privets' 


Dim-  iFapfir^'nvet'li,fir§'lu' 
Depth  aFap/bryrfmt-^'/irf-y 

J> '-     ,  r^  Cap 

Goose  Neck  Dolly 


?H? 

2'6'     W>: 

Stkakht  Dolly 
f     /'if^^rnttAforij  Jl» 

Y ^^g-^-;...--j-  -'^ 
^HT  Dolly 


/ j'f or  ^' rivets^ 
l-i'fvr  4'rfvets^  iJJs-? 


S5=^4' 


J'<?' 


/iV> 


V 


■•.►♦i^o* 


/fea  Z>flaK 


i'fi>ri'nv,t5,yforf 


.VI 


3  C 


1^ 


'  m  J 


r^'/orfrfytts,i'/w-i' 
jrji'/Jri'nv^sJi'/irf 


3  c 


^jV 


5'^ 


3  ei 


iQE 


3C 


5^'!... 


5'(7^ 


Club  Dour 


Club  Dour  Bemt 


i' 


6^ 


DC 


^'6^ 


=1 


5'0' 


j::>!(8) 


HeAMen  matat       *^l'  Siw 

Fia  9.    Tools  pok  Steel  Eebction.    Ambbicam  Budge  Cokpaht. 
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/BudUngBarA  /i'^ri'^nee,^  Ji'f2'ar/S' 


xA 


/fjm  Dolly 


^e'oFychw} 


.yO)^^ 


-T- 


!  /  ^^'ly  / 


-:iX*/^ 


i'CVj! 


A^^_  5r 


1^'^' 


TapBoixD 


BucKiHG  Bar  A 


^^-^---^-K.|'    ^^u---;---,->5- J 


PihC 


RING  DOLLY  WITH  DETAILS 


][ 


J  ^^ 


lA 


"^i  Hole  For  Tap  Boft 
Handle  5- 


r'2i\ 


ys' 


jC 


C^jiOn: 


■fl-^fl  ^ff^ 


W= 


J2 


If 


f'Hi  li 


^'tf' 


5«4ZZ  KEYWkEHCH 
5'0' 


zIT' 


^^ 


-^\2'  Diam- 


K.2' 


t/^r^  }^      La/kx  Key  WHehch 

Fig.  la    Tools  fok  Stbel  ExscnoN.    Akbucam  Bbidge  Cohfaht. 
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2''o.'^ ^ 


^1    ^  1 


4  Set  Screw  J 


5'  \2r 

fiivET  Clamp 


IU7 

/?jv£T  Clamp  Hook 


fi'..S^-?spx. 


?t-?V" 


*       RiYET  Pitching  Tonss 


Ou>  Man 

blacksmith's  tools 


t^-wc 


*  RrvET5riaaN6T0N65 


i\ 


ef 


CaiRUGATED  IROH  TOOLS 


Corrugated  Iron  Punch 


A.U 


*1 


CommATa  bim  Rivet  Set 
l'2' 


tg 


•i- 


/i-€4 


CouHwno  UtcN  Duly 
Fig.  It.    Tools  pok  Stbbl  ERscnoN. 


C0RRU6ATED  !ron  Hammer 


V' 


i'A»«  W— 


...1 


SMAU  COHKUSArEOUlONSHEABS 
Ahbucam  Budcb  CoHTAinr. 
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8' Eye  Bar  Hook 

fO'fye  Bar  Hook 
zV^JiBars. 


6^ Eye  Bar  Hook 


'Rounded 


Shackles  w/th  Pins  ^_^ 

8T0N6IPDERH00K        FORl4'QUADRaPLEaZ0'5m6LEBLOCK    ^^'^'^ 


/'/ok" 


2S  Ton  Girder  Hook 
X '  /'iei$ 

15  Ton  GttkrHook,  8'" 2^  Flats,  ??  fRing 


""S/iack/e      */'  '-^^ 

HEAVY  I  Beam  HOOK  "^  Lwnt  /  Beam  Hook 

Fig.  12.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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//v-4i 


Handle  of 


-ir'   /§V  sshorhkkary. 
f     ^ 


Eye  bolt  to  turn  m  h3n<lle...^'j^^^'*llih9S.  l^'Diam-^  T^£y  Bolt  i'* 
4' Octagonal  5teel''"l[j^i' Hole  in  head 

CAKKYme  Hook  ,        ._  ,_ 

Oevk,  S"     ,li'n^' 

5MAU  TiMB£R  Hook  ^ 
^    ._. — '     • — - 


'  i'Thkk 
Lakbe  TiMBER  Hook 

?•: « <^/f'-_..-. 


■"*:        I      ;l       PlateA- 


,/'      .»    ^•-  Jl^L  Ash  Of  Hickory      '^^tt^ 

-^^ '  '^'Hole    ^(^.-Aa' 

TeoferPofnt-y}-^;:-'     ' 


V 


CANT  Hook 


I'Z'    2\    2i' 

--it  □ 


Sr££L  W£D6E  CM  WEDGE-  '"3' 

For  DoM  Nut  Falsework  ^ 
V     y         _    3^      i'    Bolts.L^Onpi^i'''    iV    -5^ 

i  r-, !*TL-..n.    J^^^^ Nutlal^work   jj-, !     */»^       p. 

*^'-""-''"' VJBiiljD     Bolts,  l'&np*2'^^^JI«SL-Ji L) 

,,...._.-^„.„./--J  .        L aJ 

"Sfjm  NiJts ''        S7?woMD  Falsewrk  Bolts        SqumfM&Nat 
Fig.  13.    Tools  for  Stbbl  Ebbctk>n.    Ambucan  Bbidcb  Company. 
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WferSmtB 


/'4i'     ik'Mh,  ,fCore 


6'  i  ^  '^' 


W  ' '    RollerBwB 


RollerA 

SfMDAJiP  6AUSB  Push  Car-  ^,p»     ^^  7?v«&w  Busgy  <F  Details 

■Bent  ffo<f  ^'^^''rS" 


^'F^^'  Mvj/^    i^^-Jifc^ 


M/erSffxC        Wheel  0- 
PAIL  JACK  Details 

Hole  fbr  //afxffa  6^ 


£-:-l 


r  ^;w^i"  C 


3»" 


..^.'j 


/A- 


Vi 


'--frxt'^'orin  ]^: 


"^j^H^OyX^K^^  Roller  Box  E 


^WheelF' 


Stanoajw  D<Hmi£  Rail  Jack  Handle  6^ 


Fig.  14.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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Chains. — Chains  should  be  made  of  the  best  grade  of  double  refined  iron,  and  should  be 
fabricated  with  great  care.  Details  of  a  j-in.  ring  chain;  a  }-in.  hook  chain,  and  of  a  f-in.  twin 
hook  chain,  as  made  for  the  American  Bridge  Company,  are  given  in  Fig.  6,  and  data  on  chains 
are  given  in  Table  VIII. 

Jacks. — Hydraulic  and  power  lifting  jacks  of  the  necessary  capacity  should  be  provided. 

Miscellaneotts  Tools. — In  addition  to  the  standard  tools  required  by  bridge  carpenters  and 
by  the  blacksmiths  many  special  tools  are  required  by  structural  steel  erectors.  The  most  im- 
portant special  tools  required  in  steel  erection  as  used  by  the  American  Bridge  Company  are 


fr"""X 


A/--^. 


*».! 


'•^IIIaK 


X 


•.I 


—  1 


-Hff   si] 


Z'-6' 


STSAHBOAT  JACK 


'■if! 


Tbrry  Old  Man 


M'^. 


.._-i 


2'-6' 


^^--^ 


S/ffM  FOR  COMlfSATfO  5T££l  STEAMBOAT  RATCHET 

Fig.  15.    Miscellaneous  Tools  foe  Steel  Erection. 


given  in  Fig.  7  to  Fig.  14.  An  improved  "old  man"  as  used  by  Terry  and  Tench  is  shown  in  Fig. 
15.  A  corrugated  rolling  shear,  and  a  steamboat  jack  and  a  steamboat  ratchet  are  also  shown 
in  Fig.  15.  The  special  tools  used  by  the  Chicago  Bridge  and  Iron  Company  for  the  erection  of 
elevated  tanks  are  given  in  Fig.  16  and  Fig.  17. 

LIST  OF  TOOLS.— The  tools  required  for  any  job  will  depend  upon  the  size  of  the  work, 
the  number  of  men  employed,  and  upon  local  conditions.  A  complete  list  of  the  tools  that  are 
commonly  used  by  structural  steel  erectors  is  given  in  Table  IX. 

Actual  lists  of  the  tools  used  for  the  erection  of  a  steel  railway  bridge,  a  steel  highway  bridge, 
and  a  steel  mill  building  are  given  in  Table  X,  Table  XI,  and  Table  XII,  respec^vely. 
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8!' to  24' 


WkENCHES 


3'r 
_ — I 

ff££i  Dolly,  Wt-26lbs- 
/'Si' 


'3,J[upli'0,i'Pivet   Cup/i%  i'Rlvtt,^J.) 


^^ 


Cc^s/HATuw  Dolly 


3C 


3 


v.!  A- — I   u>  <r 


,  Lfnk 
/i^'Long 
lO'O'oF^i^lA'^Stock 
i' Chain     ' 

QH4BINAT/0N  DOLLY' 


Ho/e  for  Cotter 


Cor  TERi  Hook 
fwspaao  Dolly* 


5PRIN6  DOUY,  IVt'56/bS' 
Fig.  i6.    Tools  for  Ekection  of  Elevated  Takks.    Chicago  Beidce  &  Iron  Company. 
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61H/6E,  Wt2ilbs- 


BAoatmOuT  Punch,  Wt  ilbs- 


sr 


-^ 


Z 

U 

*?^  ♦ 

!  ^ 

AJ      3 

ll< 

♦      ■  + 

♦ 

a 


^llr 


/fw/?  C///SEL,  Wt'li  lbs: 


Hand  Cauuno  Tool 
Wt'lilbs 


:5  Hand  Fuller  h  sama 
95  Hand  Calking  Tool 
b(/t point  is  rounded' 


DPIFT  P/N5 

Diam- 
Rivet 

Dimensions  it  lnefits\ 

L 

A 

B 

c 

7" 

8i 

■^ 

1 

1 

^ 

7i 

4 

i 

i 

i 

^^ 

i 

i 

i 

i 

Si 

i 

i 

i 

5' 


iH''     -^'- 


Yhfrrcry/livet,lf/vri'^^ 
V'T'li' For  fRivatji' fori'  " 


•■^L 


Rivet  Snaps 


3\--i'Fori%-v^t.i 
'■^  rfi>ri' Rivet,  i 

Si 


CP055  Eyed  Fi/llep 

jr^AZ  Wt-2lbs. 

i'/vri' 


CD 

RiVET  RUSTER.Wt-Slbs-    Rivet HAMMEP,Wt'3ilbs*  HANOCNiSEL^Wt^lbs^ 

Fia  17.    Tools  for  Erection  op  Elbvatbd  Tanks.    Chicago  Bridge  &  Iron  Company. 
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TABLE  IX. 


List  of  Erection  Tools 

FOR  Structural  Steel. 

American  Bridge  Company. 

Name. 

Name. 

Adzes. 

Corrugated  Iron  Rivet  Sets. 
*^           "    Shears. 

Air  Chippen. 

Air  Compressors 

Crabs,  Single  Gear  Iron  Frame  A— Flat. 

Air  Drills. 

Crabs,  Double  Gear  Iron  Frame  A— Flat. 

Air  Pumps. 

Crabs,  Single  Gear  Wooden  Frame  A— Flat. 

Air  Reamers. 

Crabs,  Double  Gear  Wooden  Frame  A— Flat. 

Air  Receivers. 

Cutters,  Handle. 

Anchors. 

Derricks. 

Angle  Bars  for  R.  R.  Rails. 

Derrick  Balls  Overhauling. 

Anvils. 

"       Booms  (Steel). 

Auger  Bits. 

"       Booms  (Wood). 

Augers  (ship)  ft  in.  to  I A  »»• 

**       Boom  Bands,  2  Links. 

Axes. 

"      Foot  Blocks. 

Axes  (Hand). 

"     &  Mast  Angles. 

Backing  Out  Punches. 

"      Bearing  Plates. 

Balance  Beams. 

«     Pins. 

Bars,  Chisel. 

"      Plates. 

Bars,  Qaw. 

"       Foot  Blocks. 

Bars,  Connecting. 

"       Goose  Necks. 

Bars,  Crow. 

"       Gudgeon  Pins. 

Bars,  Pinch. 

"       Masts  (Steel). 

BeUows. 

"       Masts  (Wood). 

Bits  for  Braces. 

«       Mast  Band. 

Blacksmith  Blowers. 

"       Mast  Band,  one  link. 

Blacksmith  Hand  Tools. 

"       Mast  Scat. 

Blocks  (8,  lo,  12,  14,  i6,  i8)  in.  Single. 

"       Round  Spiders. 

Blocks  (8,  ID,  12,  14,  i6,  i8)  in.  I>ouble. 

"       Long  Spiders,  Two  Guys. 

Blocks  (14,  16,  18,  20)  in.,  3  Sheave. 

"       One  Guy. 

Blocks,  4  Sheave. 

Diamond  Points. 

Blocks  (8,  10,  12,  14,  16,  18,  20)  in.  (Snatch) 

Dolly  Bars,  Bent. 

Gate. 

"     Qub. 

Blocks  (I,  2,  J,  4,  6)  Sheave,  Wire  Rope. 
Boats  (give  kmd)- 
Boilers  (only). 

"     Goose  Necks. 

"     Heel. 

"        "     Spring. 
"     Suaight. 

Boring  Machines. 

Braces  (Carpenter). 

Drawing  Knife. 

Branding  Irons. 

Drilling  Machine  (Portable). 

Brushes  (Paint). 

Drift  Pins  (A,  H,  tt,  tt)  in.  diameter. 

Brushes  (Wire). 

Drills,  Flat. 

Buckets. 

Drills  (Stone). 

Car  Axles. 

Drills  (Twist). 

Cars,  Camp. 

Engine  and  Boiler. 

Cars,  I>emck. 

Eye  Bolts. 

Cars,  Flat. 

Files. 

Cars,  Lever. 

Forges  (not  rivet). 

Cars,  Push. 

Gauges  (Track). 

Cars,TooL 

Gin  poles  (Wood)  Gas  Pipe,  Shoes. 

Car  Wheels. 

Grind  Stone. 

Center  Punches. 

Guy  Qamps. 

Chains,  (|,  |,  f,  »  in.  Hook  &  Rinr,  —  ft.  long. 
Chains,  I  in.  Hook  &  Ring,  —  ft.  long. 

Guy  Rods. 

Guy  Wire. 

Chains,  i,  |,  f,  I  in.,  two  rings,  —  ft.  fong. 

Hammers  (Chipping). 

ChiseU,  C6pe. 

Hand  Gouges. 

Chisels,  Framing. 

Handle  Gouges. 

Clevises. 

Handles— Hammer,  Maul,  Axe,  Adze,  Pick. 

Cold  Chisek. 

Hatchets. 

Currugated  Iron  Cutters. 

Hook  for  I  Beams — Large,  Medium,  Small. 

Corrugated  Iron  DoQy  Bars. 
"             "    Hammers. 

Hooks,  Cant. 

Hooks  for  Eye-Bars. 

"    Punches. 

Hooks,  Girder. 
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Table  IX.- 

-Continued. 

Name. 

Name. 

Hooks  for  Heavy  Chord. 

Reamers— tt,  H,  ii,  lA  in. 

Hooks  for  holding  on. 

Reamer  Handles. 

Hooks,  Scaffold. 

Rivet  Busters. 

"        Stringer. 

"     Clamps. 

"       Timber. 

"     Clamp  Hooks. 

Horse  Powers. 

«     Forges. 

Hose,  Air  Drill. 

"     Gouges. 

"     Rubber. 

"     Hammers. 

"     Steam. 
"     Bands. 

"     Sets  for— J,  f ,  i  f,  1,  in.  Rivets  (Hand). 
"     Sets  for— J,  f,  i,  i,  I,  in.  RiveU  (Pneu- 

"    Couplings. 
Jacks,  Hydr. — Capacity. 

matic). 

Set  Cuppers. 

"      Norton. 

Set  Gouges,  Standard. 

"     Rail,  Double. 

Set  Rivet  Tongs. 

"      Rail,  Single. 

Set  Trimmers. 

"      Steamboat. 

Spikes. 

"      Steamboat  Pull. 

Rollers. 

"      Steamboat  Pushing. 

Roofine  Sets. 

Rope,  Manila — },  I,  I  J,  I  J,  2  in. 

"      Screw. 

"      Track. 

Rope  Lashing,  Manila. 
Rope  Slings,  Manila. 

Kettles,  Iron. 

Ladles. 

Rope,  Wire  Hoisting. 

Lag  Screws. 
Ladders. 

Saws,  Crosscut. 

Saws,  Hand. 

Lanterns. 

Saw  Frames,  Hack. 

Levels  (Spirit). 

Saws,  One  Man. 

Locks. 

Saw  Sets  (Crosscut). 

Marking  Pot. 
Mattocks. 

Screw  Drivers. 

Shackles. 

Mauls,  Spike. 

Sheaves,- in.  dia. 

Mauls,  Steel  (8,  9,  12,  16,  18,  20)  lb. 

Shovels. 

NaiU. 

Squares  (Carpenter). 

Oars. 

Stock  and  Dies. 

Oar  Locks. 

Stoves. 

Oil  Cans. 

Sulphur  Pot. 

Old  Man. 

Tape  Lines. 

Picks. 

Tarpaulins. 

Pike  Poles. 

Timber  Buggies. 

Pile  Hammers. 

Tool  Boxes. 

"    Driver  Leads. 

"     Steel,  OcUgon. 

"    Rings. 

"     Steel,  Round. 

"    Ring  Hooks. 

"     Steel,  Square. 

Pins,  Cotter. 

Traveler  Comer  Irons. 

Pipe  Cutters. 

"        Plates. 

Pipe,  Iron. 

Rods. 

Pipe  Tongs. 

"       Wheels,  Sundard. 

Planes. 

Traveler  Wheels. 

Plumb  Bobs. 

"        Wheel  Boxes. 

Pneumatic  Bucker-up. 

Travelers  (Wood). 

Pneumatic  Hammer. 

Travelers  (Steel). 

Pump,  Boat,  Galvanized  Iron. 

Tumbuckle  Rods. 

Pump,  Centrifugal. 

Tuyere  Irons. 

"      Force. 

Valves. 

"      Steam. 

Vises. 

Punch,  Hydraulic. 

Wagons. 

Punch,  Screw. 

Wrenches,  Chain. 

Purchase  Rings. 

Wrenches.  Fork— J.  i  A,  I,  «n. 
Wrenches,  Key— large,  medium,  smalL 

Rails  (Steel). 

Rail  Splice  Plates. 

Wrenches,  Monkey. 

Rail  Buggies. 

Wrenches,  S. 

Rams. 

Wrenches,  Stillson. 

Ratchets. 

Wcdees. 
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TABLE  X. 
List  of  Tools  for  Erection  of  Steel  Railroad  Bridge  Consisting  of  Several  75-FT.  Plate 
Girders,  a  i8o-ft.  Through  Span,  and  an  8o-ft.  Vertical  Lift  Span,  Inter- 
national Falls,  Minnesota.    Minneapolis  Steel  &  Machinery  Co. 


Quantity. 


3 

2 
I 
2 

3 

I 
2 
I 
2 
I 

7 

I 

3 
3 

I 

2 
2 

4 
4 

2 

4 
2 
I 
I 
I 
6 

4 

2 
I 

3 

I 
1,200  ft 
300  ft 
100  ft 

2 

I 

2 

2 

12 
10 

8 

4 
2 

I 
5 
3 

I 
I 
I 
I 

I 

3 

I 
I 

i 

6 

I 
2 


Name  and  Size  of  Tool. 


Augers,  Ship,  H  in. 

Adz. 

Axe,  Hand. 

Anvils. 

Bars,  Crow. 

Bars,  Claw. 

Bits,  }  in. 

Box,  Tool. 

Braces. 

Brushes,  Wire. 

Brushes,  Paint. 

Block,  Steel,  Snatch,  10  in. 

Block,  Steel,  Snatch,  12  in. 

Block,  Steel,  Snatch,  Wire  Rope,  12  in. 

Block,  Steel,  Single,  Wire  Rope,  12  in. 

Block,  Steel,  Single,  Wire  Rope,  14  in. 

Block,  Steel,  4  Part,  Wire  Rope,  16  in. 

Block,  Steel,  Double,  Wire  Rope,  18  in. 

Block,  Steel,  Double,  Wire  Rope,  12  in. 

Block,  Steel,  Triple,  Wire  Rope,  12  in. 

Block,  Wood,  Snatch,  10  in. 

Block,  Wood,  Snatch,  12  in. 

Block,  Wood,  Single,  Tackle,  8  in. 

Block,  Wood,  Single,  Tackle,  10  in. 

Block,  Wood,  Single,  Tackle,  12  in. 

Block,  Wood,  Double,  Tackle,  8  in. 

Block,  Wood,  Double,  Tackle,  10  in. 

Block,  Wood,  Double,  Tackle,  12  in. 

Block.  Wood,  Triple,  Tackle,  1 2  in. 

Block,  Wood,  Tnple,  Tackle,  14  in. 

Block,  Chain,  5  Ton. 

Cable,  Wire,  i  in. 

Cable,  Wire,  |  in. 

Cable,  Wire,  I  in.,  galvanized. 

Chains,  f  in.,  23  ft.  long. 

Chains,  }  in.,  14  ft.  long. 

Chains,  }  in.,  12  ft.  long. 

Chains,  |  in  ,  12  ft.  long. 

Qamps,  Cable,  }  in. 

Qamps,  Cable,  }  in. 

Clamps,  Cable,  f  in. 

Qamps,  Rivet. 

Chisels,  Round  Nose. 

Chisels,  Cold. 

Cutters. 

Cant  Hooks. 

Compressor,  Air. 

Demck,  12  ton. 

Dolly,  Timber. 

Dolly,  Goose  Neck. 

Dolly,  Straight. 

Dolly,  Spring. 

Dolly,  Wedge. 

Dolly,  Heel. 

Dnlls,  Twist, 

Dnlls,  Twist, 

Dnlls,  Twist, 

Drills,  1}  in.  X  4  ft. 

Engine,  Hoisting. 


Quantity, 


t,«in. 
t,  «  m. 
t,  H  in. 


3 
3 

2 

3 
3 

I 

I 

2 

16 

7 

I 

9 

4 

I 

2 

I 

2 

I 

I 

4 

3 

I 

I 

12 
10 

4 

I 

2 

I 
1,400  ft 
1,300  ft. 
420  ft. 
640  ft. 
275  ft. 
565  ft 

4 
I 
I 
6 
6 
4 
3 

2 

I 

4 
I 

13 

2 

3 

4 

I 

2 
I 
4 
5 
2 
2 
27 


Name  and  Sixe  of  Tool. 


Forges,  Complete. 

Files. 

Gouges,  Hand* 

Gouges,  Handle. 

Hack  Saws  and  Blades. 

Hammer,  7  lb. 

Hammer,  Claw. 

Hammers,  Blacksmith,  5  lb. 

Handles. 

Hooks,  Scaffold. 

Hose,  Air,  }  in.,  700  ft. 

Hose,  Water,  J  in.  X  50  ft. 

,  ack,  Screw,  2 J  in.  X  16  in. 

Jack,  Track. 

.'ack,  Stone. 

^  ack,  Hydraulic,  15  ton. 

]  ^..antems. 

Level. 

Man,  Old. 

Punches,  Backing  CXit. 

Punches,  Screw  (Frame). 

Pipe  Vise. 

Pick. 

Drift  Pins,  I  in. 

Drift  Pins,  •}  in. 

Drift  Pins,  f  in. 

Pail,  Water. 

Ratchets. 

Receiver,  Air,  30  in.  X  60  in. 

Rope,  Manila,  i  in.,  7  pieces. 

Rope,  Manila,  ij  in.,  5  pieces. 

Rope,  Manila,  2  in.,  i  piece. 

Rope,  Manila,  2  in.,  I  piece. 

Rope,  Manila,  2  in.,  i  piece. 

Rope,  Manila,  i  in.,  2  pieces. 

Rope,  Manila,  Lashings. 

Stock  and  Dies,  Blacksmith. 

Stock  and  Dies,  Pipe. 

Snaps,  Rivet,  }  in. 

Snaps,  Rivet,  f  in. 

Snaps,  Rivet,  {  in. 

Saws,  Cross  Cut. 

Saws,  Hand. 

Shovels,  No.  2. 

Shovels,  Snow. 

Square. 

Shackles 

Trucks,  Dolly. 

Tongs,  Blacksmith. 

Tongs,  Heater 

Wrenches,  Bndge  f  in. 

Wrenches,  Bridge  }  in. 

Wrenches,  Monkey 

Heavy  Traveler,  12  ton  . 

Rollers,  10  m.  and  12  in. 

Pneumatic  nveting  guns. 

28  in  Tumbuckles. 

Stoves. 

1  in.  X  8  m.  Step  bolts. 
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TABLE  XL 

List  op  Tools  for  the  Erection  of  8o-ft.  Span  Highway  Bridge. 

Minneapolis  Steel  &  Machinery  Co. 


Quail- 
tlty. 

Name  and  Size  of  Tool. 

Quan- 
tlty. 

Name  and  Sue  of  Tool. 

2 

Axes. 

I 

Man,  Old. 

2 

Axes,  Hand. 

4 

Punches,  Backing  out. 

Bits,  I  in.,  i  in.,  i  in. 

I 

Pick. 

Buster. 

I 

Pump. 

Box,  Tool. 

4 

Pins,  Drift,  1  in. 
Pins,  Drift,  J  in. 

Brace. 

6 

Brush,  Paint. 

2 

Pails,  Water. 

Blocks,  lo  in. 

2 

Pile  Driver  Leads. 

Block,  Single  Tackle,  8  in. 

I 

Pile  Driver  Hammer. 

Block,  Single  Tackle,  lo  in. 

I 

Pile  Driver  Head  Block. 

Blocks,  Double  Tackle,  8  in. 

I 

Pile  Driver  Nipper 

Chain,  f  in.,  8  ft.  long. 
Chain,  J  in.,  7  ft.  long. 

I 

Ratchet. 

124  ft 

Rope,  Manila,  ij  in. 

Qamp,  Rivet. 
Chisel,  Hand. 

675  ft. 

Rope^  Manila,  i  in.,  5  pieces. 

2 

Lashings,  15  ft. 

Stock  and  Dies,  Blacksmith. 

Dolly,  Timber. 
Drills,  Twist,  H  in. 

I 

I 

Saw,  Crosscut. 

FUes. 

I 

Saw,  Hand. 

Gouges,  Handle. 
Hacksaw  and  Blades. 

5 

ShoveU,  Short  Handle 

I 

Shovels,  Long  Handle. 

Hammers,  7  lb. 

I 

Square. 

Wrench,  Bridge,  }  in. 

Hammers,  Qaw. 

I 

Hammer,  Machine. 

6 

Wrench,  Bridge,     in. 

Handles,  30  in. 

2 

Wrench,  Bridge,  J  in. 

Jack  Screw,  12  in. 

I 

Wrench,  Stillson,  10  in. 

I 

Wrench,  Monkey,  12  in. 

4 

Wheel  Barrows. 

ERECTION  OF  TRUSS  BRIDGES.— Truss  bridge  spans  are  usually  erected  on  falsework. 
The  truss  may  be  erected  by  means  of  a  traveler  or  a  derrick  traveler  or  a  derrick  car.  The  usual 
procedure  where  a  traveler  is  used  will  be  briefly  described.*  After  the  falsework  and  traveler  are 
ready,  lay  out  the  center  lines  of  the  trusses  on  the  falsework  and  locate  the  positions  of  the  panel 
points.  At  each  panel  point  place  the  necessary  blocking  for  camber.  Then  beginning  at  the 
fixed  end  place  the  pedestals  in  position  and  place  the  lower  chords  and  the  floorbeams  and  stringers 
in  position  and  distribute  the  pins.  If  the  floorbeams  and  stringers  will  be  in  the  way  they  are 
not  placed  until  they  are  needed.  The  traveler  is  run  to  the  center  of  the  bridge  and  the  center 
panel  on  each  side  is  erected.  The  upper  chord  section  is  hoisted  and  held  a  little  above  its  final 
position;  the  posts  are  raised,  the  diagonals  are  put  in  place  and  the  pins  are  driven,  or  with  a 
riveted  truss  the  joints  are  field  bolted  in  about  50  per  cent  of  the  holes.  The  panel  on  the  oppo- 
site side  is  then  erected  and  the  top  lateral  struts  and  bracing  are  put  in  place,  the  floorbeams  and 
stringers  are  connected  up  and  the  lower  laterals  are  put  in  place,  so  that  the  center  tower  is  fully 
braced.  Great  care  must  be  used  in  erecting  the  nuddle  tower  to  see  that  it  is  in  exactly  the 
proper  place.  After  the  center  panel  is  complete  the  traveler  is  moved  toward  the  fixed  end, 
erecting  the  trusses  one  panel  at  a  time.  The  traveler  is  then  run  back  to  the  center  and  the 
roller  end  of  the  trusses  are  erected.  After  the  span  is  all  connected  up  ai)d  all  connections  are 
properly  bolted  up,  the  blocking  is  knocked  out  and  the  bridge  is  swung  clear.  The  details  of 
erection  vary  with  the  type  of  truss  and  local  conditions  and  the  above  description  is  intended  to 
merely  give  an  idea  of  the  procedure.  Truss  bridges  may  also  be  erected  by  starting  the 
travf!ler  at  the  fixed  end. 

Where  a  derrick  car  or  a  derrick  traveler  is  used  the  erection  is  commonly  started  at  the 
fixed  end. 
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TABLE  XII. 

I-isT  OF  Ekection  Tcxx^  for  the  Erection  of  a  Steel  Mill  Building  6o  ft.  by  150  ft.  with 

Corrugated  Steel  Covering;  43  Tons  Steel,  7  Tons  Corrugated  Steel. 

Minneapolis  Steel  &  Machinery  Co. 


Quantity. 

Name  and  Size  of  Tool 

Quantity. 

Name  and  Size  of  Tool. 

I 

Axe,  Hand. 

Forge,  Complete. 

4 

Ban,  Crow. 

Gin  Pole. 

4 

Bars,  Connecting. 

Gouges,  Handle. 
Hack  Saw  and  Blades. 

I 

Box,  Tool. 

2 

Braces. 

Hammer,  Claw. 

4 

Brushes,  Paint. 

Hammer,  Machine. 

I 

Block,  Steel,  Single,  Wire  Rope, 

Handles,  30  in. 

10  in. 

Man,  Old. 

I 

Block,  Steel,  Double,  Wire  Rope, 

Punches,  Backing  out. 

lo  in. 

6 

Punches,  Corrugated. 

I 

Block,  Wood  Snatch,  10  in. 

20 

Pins,  Drift,  f  in. 
Pins,  Drift,  i  in. 

10 

Block,  Wood,  Single  Tackle,  8  in. 

IQ 

8 

Block,  Wood,  Double  Tackle,  8  in. 

I 

Ratchet. 

700  ft. 

Cable,  }  in.,  3  pieces. 

1,100  ft. 

Rope,  Manila,  |  in.,  8  pieces. 

I 

Chain,  f  in.,  3  ft.  long. 

Rope,  Manila,  Lashings. 

I 

Chain,  |  in.,  8  ft.  long. 
Chain,  f  in.,  0  ft.  long. 
Qamps,  Cable,  1  in. 
Qamps,  Cable,  i  in. 

Stock  and  Dies,  BUcksmith. 

I 

Snaps,  Rivet,  f  in. 

23 

Saw,  Hand. 

7 

Square. 

2 

Qamps,  Rivet.                                     4 
Chisels. 

Shackles. 

6 

Snips,  Corrugated. 

3 

Cutters. 

Tongs,  Blacksmith. 

I 

Crab,  Small. 

Tongs,  Heater. 

I 

Dolly,  Timber. 

Tongs,  Pick-up. 

I 

I>olIy,  Goose  Neck,  f  m. 

Vise,  Machinist. 

I 

Dolly,  Straight,  |  in. 

IS 

Wrenches,  Bridge,  f  in. 

I 

Dolly,  Spring,  t  ii^> 

20 

Wrenches,  Bridge,  j  in. 
Wrenches,  Bridge,  }  in. 

3 

Dolly,  Comieated  Steel. 
DriUsI  Twist,  H  «»• 

8 

I 

I 

Wrenches,  Bridge,  |  in. 

I 

2 

Wrenches,  Monkey. 

In  erecting  the  Municipal  Bridge  over  the  Mississippi  River  at  St.  Louis,  sand  boxes  were 
used  for  camber  blocking  in  the  place  of  the  usual  timber  camber  blocking. 

The  threads  of  pins  should  be  protected  by  pilot  nuts  and  pilot  points  when  driving.  Details 
of  standard  pilot  nuts  are  given  in  Table  99,  Part  It,  and  of  standard  pilotpoints  in  Table  100, 
PartIL 

RIVETING. — ^Field  rivets  may  be  driven  by  hand  or  with  pneumatic  riveters.  Before 
driving  the  rivets  the  parts  to  be  riveted  must  be  drawn  up  by  means  of  erection  bolts  so  that  the 
holes  are  fully  matched  and  the  surfaces  of  the  metal  are  so  close  together  that  the  metal  from  the 
rivet  will  not  flow  out  between  the  plates.  The  holes  are  brought  in  line  and  matched  by  the  use 
of  drift  pins,  Fig.  7  and  Fig.  17;  care  should  be  used  not  to  injure  the  metal  with  the  drift  pin. 
If  the  holes  will  not  match  they  should  be  reamed.  A  gang  for  hand  riveting  consists  of  four 
men,  (i)  a  rivet  heater,  (2)  a  bucker-up,  (3)  a  rivet  driver,  and  (4)  a  man  to  catch  and  enter  the 
rivets,  to  assist  in  driving  and  to  hold  the  rivet  set  (snap).  The  hot  rivet  is  thrown  by  the  rivet 
heater  with  rivet-pitching  tongs,  Fig.  11 ;  the  rivet  is  caught  in  a  bucket  or  keg  and  is  put  into  the 
rivet  hole  with  the  rivet-sticking  tongs.  Fig.  11.  The  rivet  b  then  bucked-up  with  a  dolly,  Fig.  9 
or  Fig.  10,  and  is  upset  with  a  rivet  hammer.  Fig.  7.  After  the  rivet  is  upset  to  fill  the  hole  a  rivet 
set  (snap),  F^.  7,  is  held  over  the  upset  rivet  and  a  few  blows  with  the  riveting  hammer  completes 
the  work.  Field  rivets  are  ordered  with  enough  stock  to  furnish  metal  to  fill  the  hole  and  to 
form  a  perfect  rivet  head.    If  the  rivet  is  too  short,  either  the  hole  will  not  be  filled  or  the  rivet 
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head  will  be  imperfect.  If  the  rivet  is  too  long  the  rivet  set  (snap)  will  force  the  metal  out  under 
the  edge  of  the  rivet  set  (snap)  making  a  bad  looking  job.  The  rivet  should  be  heated  uniformly 
so  that  it  will  be  upset  for  its  entire  length.     Riveters  prefer  to  use  rivets  with  scant  stock  so  that 
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Fig.  i8.    Derricks  and  Travelers. 

the  rivet  can  be  upset  and  a  perfect  head  formed  with  little  labor.  To  drive  a  rivet  propcriy  the 
rivet  should  be  upset  by  striking  it  squarely  on  the  end,  as  side  blows  will  upset  the  rivet  without 
filling  the  hole. 
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Where  compressed  air  is  available  a  pneumatic  field  riveter  is  used  for  driving  rivets.  Pneu- 
matic field  riveters  are  of  two  types:  (a)  jaw  riveters  that  buck-up  the  rivet  and  form  the  head  as 
in  shop  riveters;  and  (b)  a  pneumatic  gun  that  is  held  against  the  rivet  by  the  riveter,  the  rivet 
being  bucked-up  with  a  dolly  as  in  hand  riveting  or  with  a  pneumatic  dolly.  •  The  pneumatic  gun 


r^£/y  L//7^S, 
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Fig.  19.    Details  of  Derricks. 

is  more  convenient  and  is  commonly  used.  A  rivet  snap  is  used  in  the  air  gun.  Good  rivets  can 
be  driven  by  hand,  but  the  work  of  the  pneumatic  riveter  is  more  uniform  and  most  specifications 
for  erection  of  structural  steel  call  for  its  use.  Several  railroad  bridge  specifications  now 
require  that  hand  driven  field  rivets  be  calculated  for  only  four-fifths  of  the  allowable  stresses  on 
machine  driven  field  rivets.  While  more  rivets  can  be  driven  with  an  air  gun  than  by  hand,  the 
added  expense  for  air  makes  the  cost  of  driving  nearly  the  same  as  for  hand  driven  rivets. 
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Dolljrs  for  bucking-up  rivets  are  made  in  many  forms  to  suit  the  different  conditions. 
Straight,  goose-neck,  bent,  heel  and  club  dollys  are  shown  in  Fig.  9,  a  ring  dolly  is  shown  in  Fig. 
10,  and  a  corrugated  iron  dolly  in  Fig.  11.  Dollys  for  use  in  erecting  elevated  tanks  are  shown 
in  Fig.  16,  and  include  the  bar  dolly,  the  heel  dolly,  the  combination  dolly,  and  the  spring  dolly. 

DERRICKS  AND  TRAVELERS. — I>enicks  and  travelers  are  made  in  many  different  forms. 
A  few  of  the  more  common  forms  will  be  described. 

\^—60'0'''""^  —  '60'0-—^ -i!5t?- -H 
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7-24''5h€wes'^    f.fi:^^r5-20*'5heaves 


'^''0'' ;-— HH  Cross  Section 

Elevation  • 

Stebl  Derrick  Car 

Fig.  20.    Details  of  a  Viaduct  Travelbr  and  a  Steel  Derrick  Car. 

Gin  Pde. — ^A  gin  pole.  Fig.  18,  is  a  timber  or  steel  mast  with  four  gujrs  and  a  block  at  the 
top  through  which  the  hoist  line  leads  to  a  crab  bolted  near  the  bottom,  or  the  hoist  line  may 
run  to  the  hoisting  engine.  The  foot  of  a  gin  pole  is  supported  by  timbers  which  are  shifted  with 
bars  or  on  rollers.  The  gin  pole  should  not  be  inclined  more  than  a  few  degrees  from  the  vertical, 
and  care  must  be  used  to  prevent  the  bottom  from  kicking  out  with  heavy  loads.  Gin  poles 
may  be  made  of  timber,  gas  pipe,  or  may  be  buih  structural  steel  masts.  Gin  poles  are  not 
commonly  made  longer  than  40  to  60  ft.,  but  a  trussed  gin  pole  I30  ft.  long  has  been  used  for 
erecting  elevated  towers.  The  mast  of  a  gin  pole  may  be  buih  up  so  that  only  two  guys  are 
necessary,  resulting  in  '*  shear  legs  "  as  in  Fig.  18. 

Each  guy  is  fastened  at  its  knrer  end  to  a  "deadman"  (a  timber,  or  log,  or  beam  buried  in 
the  ground). 
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Fig.  21.    Details  of  a  Stiff-Leg  Derrick. 
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Guy  Derricks. — ^A  guy  derrick,  Fig.  i8  and  Fig.  19,  has  a  vertical  mast  guyed  with  three  or 
more  guy  lines,  and  has  a  boom  which  carries  blocks  and  a  fall  line  on  the  upper  end.  The  boom 
is  raised  and  lowered  with  rigging  called  "topping  lines*'  or  "boom  lines."  The  load  is  raised 
by  rigging  called  "fall  lines"  or  "falls."  The  hoisting  line  may  be  run  down  the  boom  to  a  crab 
or  to  the  hoisting  engine,  or  the  hoisting  line  may  be  run  through  a  "rooster"  placed  on  top  of  the 
mast  and  then  to  the  hoisting  engine.  Guy  derricks  may  be  swung  in  a  full  circle,  either  by  hand 
or  by  means  of  a  bull  wheel  operated  by  a  line  from  the  hoisting  engine. 

"A"  Derrick. — ^The  "A"  derrick  or  " Jinniwink"  derrick  is  shown  in  Fig.  18.  "A"  derricks 
are  used  for  light  hoisting  up  to  three  to  five  tons.  The  "A."  derrick  is  a  simple  form  of  the  stiff- 
leg  derrick. 

Stiff-Leg  Derrick. — ^The  stiff-leg  derrick  has  a  mast  braced  by  "A"  frames  set  at  right  angles 
to  each  other.  Fig.  18  and  Fig.  19.  The  loads  may  be  lifted  and  the  boom  raised  and  lowered 
by  means  of  a  crab  or  by  a  hoisting  engine.  The  stiff-leg  derrick  has  a  free  swing  of  about  240 
degrees.  The  mast  may  be  turned  by  hand  or  by  means  of  a  bull  wheel  operated  by  a  line  from  the 
hoisting  engine.  Details  of  a  12-ton  timber  stiff-leg  derrick  are  shown  in  Fig.  21.  Stiff-leg 
derricks  of  large  capacity  are  now  commonly  made  of  structural  steel.  I>etails  of  a  steel  stiff-leg 
derrick  are  given  in  Fig.  29. 


J —ti'O- —^ S'O-—^ 
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FiG.  22.    Details  of  a  Gallows  Frame.    American  Bridge  Company. 


Boom  Travelers. — ^The  mast  of  a  derrick  may  be  supported  by  the  framework  of  a  traveler,  * 
Fig.  18.    The  traveler  may  be  made  one  or  several  stories  in  height.    The  booms  may  swing  or 
may  be  fixed  to  raise  and  lower  in  one  plane,  and  may  be  used  single  or  in  pairs.     Boom  travelers 
are  commonly  used  in  erecting  train  sheds,  and  structural  steel  buildings.     Details  of  a  steel  boom 
traveler  are  given  in  Fig.  28  and  Fig.  29. 

YitdttCt  Travelers. — ^An  overhang  traveler  for  erecting  a  high  steel  viaduct  is  shown  in  Fig.  20. 

Gallows  Frame. — ^A  gallows  frame  or  a  transverse  bent  as  shown  in  Fig.  22,  is  used  for  erecting 
plate  or  riveted  girders.  The  gallows  frame  is  guyed  fore  and  aft  with  steel  cables.  Gallows 
frames  are  commonly  used  in  pairs  or  a  gallows  frame  is  used  with  a  stiff-leg  derrick. 

Throoi^  or  Gantry  Travelers. — ^A  through  or  gantry  traveler  consists  of  two  or  three  trans- 
verse bents  or  "gallows  frames"  braced  longitudinally  and  is  carried  on  a  track  supported  on  the 
falsework  and  placed  outside  of  the  trusses.    The  traveler  has  a  clearance  such  that  it  can  be 
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TABLE  XIIL 
Bill  of  Timber  in  Traveler,  Fig.  24. 


No. 

CroM  Sec- 
tion. In. 

Length. 
Ft-In. 

No. 

Cross  Sec- 
tion, In. 

Length. 
Ft-In. 

10  X  12 

28^ 

Hoisting  beams. 

4 

4X    8 
6X12 

18-0 

Platform  cut  to  9  ft. 

12  X  12 

38-0 

Longitudinal. 

4 

38-0 

Sills. 

8X16 

44-0 

Caps. 

2 

8X  12 

32-0 

Sheave  beams. 

8X    8 

24-0 

Chord. 

10 

4X    8 

6X    8 

36^ 

Longitudinals. 
Platform. 

8X10 

30-0 

Legs. 

4 

36^ 

8X10 

24-0 

Legs. 

10 

3X    8 

36-0 

Platform  plank. 

6X    8 

32-0 

Legs  batter. 

I 

6X10 

20-0 

Blocks  qut  to  2  ft. 

6X    8 

22-0 

Legs. 

4 

6X10 

28-0 

Side  braces. 

4X    8 

26-0 

Web  braces. 

4 

6X10 

30-0 

Side  braces. 

3X    8 

16-0 

Web  braces. 

2 

4X    6 

16^ 

Fillers  cut  to  8  ft. 

3X    8 

14-0 

Web  braces. 

2 

4X    6 

14-0 

Fillers. 

3X    8 

12-0 

Web  braces. 

I 

3X    8 

12-0 

Leg  brace. 
Fillers  cut  to  2  ft. 

3X    8 

20-0 

Web  braces  cut  to  10  ft. 

2 

6X  12 

16^ 

3X    8 

18^ 

Leg  braces  cut  to  9  ft. 

2 

8X  10 

l6^ 

Trucks  cut  to  8  in.  X  9  in. 

3  X    8 

20-0 

Leg  braces  cut  to  10  ft. 

X4ft. 

3X    8 

12-0 

Leg  braces  cut  to  6  ft. 

I 

IX    6 

16-0 

Fillers. 

3X    8 

18-0 

Leg  braces  platform. 

4 

3X    8 

20-0 

Chord  cut  to  10  ft. 

8 

3  X  10 

12-0 

Leg  splices  cut  to  6  ft. 

2 

3X    8 

22-0 

Leg  brace  cut  to  1 1  ft. 

8 

3X    8 

12-0 

Leg  splices  cut  to  6  ft. 

I 

3X    8 

18-0 

Leg  brace  cut  to  4  ft.  6  in. 

8 

3X    6 

12-0 

Leg  splices  cut  to  6  ft. 

4 

2X    4 

38-0 

Sliding  beam. 

TABLE  XIV. 
Bill  of  Bolts  in  Traveler,  Fig.  24. 


TABLE  XV. 
Bill  of  Irons  in  Traveler,  Fig.  24. 


No. 

Diameter,  In. 

Length,  Ft-In. 

No. 

Name. 

Dimensions. 

20 

100 
160  ' 

ISO 

too 

20 

10 

10 
10 

I 

■ 

I-IO 
I-  8 
1-6 

1-4 
I-  2 

1-  0 
O-IO 

0-  8 

2-  0 

1-  4 

10 

4 
4 
2 
2 

16 
8 

4 
8 

2 

2 

Sheave  Chocks 

Bent  Bars 

Bent  Bars 

Bent  Bars 

Bent  Bars 

Scabs 

loi  in.  Block  Sheave. 

3  in.  X  i  in.  X  2  ft.  9  in. 

3  in.  X  i  in.  X  3  ft.  5  in. 

3  in.  X  Hn.  X  2  ft.  0  in. 

3  in.  X  i  in.  X  2  ft.  0  in. 

J  in.  X  I  in.  X  I  ft.  10  in. 
I J  in.  diameter  X  9  ft.  2  in. 
14  in.  diameter,  3  m.  shaft. 

Rods 

Traveler  Wheels... 
Wheel  Boxes 

Rods 

ij  in.  diameter  X  6  ft.  6  in. 
1}  in.  diameter  X  3  ft.  6  in. 

Rods 

run  past  the  completed  bridge  or  structure.  Travelers  may  be  made  of  timber  or  structural  steel. 
Outline  plans  for  four  standard  timber  travelers  designed  by  the  American  Bridge  Company  are 
given  in  Fig.  23,  while  the  detail  plans  for  traveler  No.  i  are  given  in  Fig.  24.  The  bill  of  lumber 
for  traveler  Noi  i  is  given  in  Table  XIII;  the  bill  of  bolts  is  given  in  Table  XIV,  and  the  bill  of 
irons  in  Table  XV.  Traveler  No.  i  may  be  used  for  single  track  railway  spans  up  to  250  ft.; 
traveler  No.  3  for  single  track  spans  up  to  175  ft.;  traveler  No.  2  for  double  track  spans  up  to 
175  ft.;  and  traveler  No.  4  for  double  track  spans  up  to  250  ft. 

Derrick  Cars. — Derrick  cars  with  a  capacity  up  to  75  tons  arc  in  common  use.  The  derrick 
cars  are  usually  self-contained  and  can  move  under  their  own  power.  The  boom  can  be  folded 
back  over  the  car  out  of  the  way  when  not  in  use.    A  sketch  of  a  derrick  car  is  shown  in  Fig.  20. 

FALSEWORK. — Falsework  for  the  erection  of  bridges  is  built  up  of  bents  made  of  three  or 
more  posts  or  piles,  braced  transversely  in  the  same  manner  as  for  permanent  trestles.  Framed 
bents  are  carried  on  mudsills,  or  on  piles  where  the  foundation  is  inadequate  or  where  the  false- 
work is  in  flowing  water.    Where  piles  can  not  be  driven  in  running  water  or  where  there  is  danger 
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Fig.  23.    Standard  Timber  Travblbrs.    American  Bridge  Company. 
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of  flood,  it  may  be  necessary  to  use  spiead  footings  which  are  anchored  in  place.  Whert  it  is 
practicable  to  obtain  piles  of  sufficient  length  they  may  be  used  for  the  full  height  of  the  falsework. 
The  timber  used  in  building  falsework  should  be  sound,  strong,  free  from  defects  that  will  affect 
its  strength  or  interfere  with  its  use.  Since  the  structure  is  temporary,  durability  is  not  an 
important  element  in  selecting  timber  for  falsework  unless  it  is  to  be  used  several  time& 
*  For  eaounples  of  timber  trestles,  see  Chapter  VII. 
Plans  of  typical  four-legged  falsework  as  used  by  the  American  Bridge  Company  are  shown 
in  Fig.  35.  When  trains  are  to  be  carried  and  2-8  in.  X  16  in.  strii^^ers  are  used  under  each  rail, 
bents  must  not  be  spaced  over  18  ft.  centers  for  the  falsewoik  as  shown. 
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Piles. — ^Timber  piles  may  be  driven  with  a  drop  hammer,  Fig.  26,  or  with  a  steam  hammer. 
A  spool  roller  pile  driver  with  a  drop  hammer  is  shown  in  Fig.  26.  The  hammer  is  raised  to  the 
top  of  the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  the 
pile,  dragging  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depends 
upon  the  weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  the 
leads.  By  catching  the  hammer  as  it  descends  the  operator  can  cushion  the  blow  so  that  the  safe 
bearing  power  of  a  pile  as  calculated  from  the  penetration  may  be  very  misleading. 

Details  of  a  pile  driver  are  given  in  Fig.  27. 
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P=- 


The  safe  load  on  piles  may  be  calculated  by  the  Engineering  News  formula 

2W-h 
5  +  1 

where  P  =  safe  load  on  the  pile  in  tons; 
W  =  weight  of  hammer  in  tons; 
h  =  height  of  free  fall  of  hammer  in  ft.; 
5  =  average  penetration  of  the  pile  for  last  six  blows. 
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Fig.  26.    Types  of  Pile  Dri\^rs. 
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Fig.  27.    Details  of  Standard  Pile  Driver. 
American  Bridge  Company. 
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Fig.  28.    Traveler  used  in  Erection  of  Armory,  University  of  Illinois. 
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Fig.  39.    Stiff-Lsg  Derrick  used  on  Erection  Traveler  for  Erection  of  Armory. 
University  of  Illinois.     (Two  of  these  derricks  were  used  on  front  of  traveler.) 
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Piles  should  have  a  penetration  of  not  less  than  lo  ft.  in  hard  material  and  not  less  than  20  ft. 
in  soft  material.     For  a  steam  hammer  unity  in  the  denominator  in  (i)  should  be  replaced  by  -^t 

The  following  specification  is  commonly  used  for  piles  for  heavy  falsework. 

All  piles  are  to  be  spruce,  yellow  pine  or  oak,  not  less  than  9  in.  in  diameter  at  the  point  and 
not  more  than  14  in.  in  diameter  at  the  butt.  Piles  are  to  be  straight  and  sound,  and  free  from 
defects  affecting  their  strength  or  durability.  Piles  are  to  be  driven  into  hard  bottom  until  they 
do  not  move  more  than  }  in.  under  the  blow  of  a  hammer  weighing  2,000  lb.  and  falling  25  ft. 

For  specifications  for  falsework  piles,  see  Chapter  VII. 

A  track  pile  driver  is  shown  in  Fig.  26. 

Design  of  Falsewo^. — Falsework  should  be  designed  to  carry  the  necessary  loads.  Where 
the  falsework  b  required  to  carry  traffic  it  should  be  designed  for  the  same  allowable  stresses  as 
are  permitted  for  timber  trestles  and  bridges,  Table  V,  Chapter  VII.  Where  the  falsework  does 
not  carry  traffic  the  allowable  stresses  may  be  fifty  per  cent  in  excess  of  those  permitted  for  perma- 
nent structures.  Care  should  be  used  in  the  design  to  prevent  crushing  of  timber  across  the 
grain.     For  details  of  timber  trestles  see  Chapter  VII. 

Tmveler  for  Erection  of  Armory.* — ^The  new  armory  for  the  University  of  Illinois  is  276  ft. 
by  420  ft.  in  plan,  the  main  drill  hall  being  covered  by  three-hinged  arches  with  a  span  206  ft. 
centers  of  end  pins,  a  center  height  of  94  ft.  3  in.,  and  are  spaced  26  ft.  6  in.  The  arches  have  a 
horizontal  tie  of  two  4  in.  X  f  in.  bars,  and  are  braced  together  in  pairs. 

Each  arch  was  shipped  in  eight  segments,  and  the  four  sections  for  each  half  of  the  arch 
were  assembled  and  riveted  up  in  horizontal  position  on  the  ground  close  to  their  final  positions. 
One  side  of  the  arch  was  then  lifted  into  a  vertical  plane  by  a  two-boom  traveler,  and  its  lower 
end  was  fitted  into  the  shoe  and  the  shoe  pin  driven.  The  truss  was  then  lowered  on  this  pin 
until  its  head  rested  on  the  ground,  the  arch  segment  being  supported  by  guys  at  the  sides.  The 
opposite  segment  of  the  arch  was  then  raised  and  adjusted  in  the  same  way.  The  traveler  was 
then  placed  at  the  center  of  the  arch,  and  the  hoisting  lines  of  the  two  booms  were  attached  near 
the  ends  of  the  two  half-arches,  which  were  then  raised,  the  lower  ends  rotating  on  the  shoe  pins. 
The  arch  was  then  held  while  the  center  pin  was  driven  and  the  purlins  were  placed  connecting  it 
to  the  adjacent  arch. 

The  traveler.  Fig.  28,  consisted  of  a  steel  tower  about  40  ft.  square  and  33  ft.  high  to  the 
working  deck.  On  this  deck  were  two  40-ft.  masts  with  A-frames,  each  carrying  a  90-ft.  boom,  so 
that  the  top  of  the  boom  could  reach  about  20  ft.  above  the  top  of  the  arches,  the  maximum 
height  from  the  ground  to  the  hoisting  block  being  125  ft. 

The  traveler  was  supported  on  wood  rollers  on  tracks  of  16  X  16  in.  timbers  about  4P  ft. 
apart.  The  upper  part  of  the  traveler  was  composed  of  two  stiff-leg  derricks  of  the  type  shown 
in  Fig.  29,  with  one  stiff -leg  and  one  sill  removed  from  each,  the  masts  being  stepped  on  the 
traveler  frame  and  connected  by  bracing  as  shown.  Each  derrick  had  a  lifting  capacity  of  15  tons, 
and  was  operated  by  an  engine  of  8  H.  P.,  the  two  engines  being  placed  on  a  platform  on  the 
lower  sills  of  the  traveler  about  2  ft.  from  the  ground. 

INSTRUCTIONS  FOR  THE  ERECTION  OF  STRUCTURAL  STEEL.— The  McClintic- 
Marshall  Construction  Co.  has  issued  the  following  instructions  to  foremen. 

In  Order  to  Avoid  Accidents,  as  Far  as  Possible,  be  Guided  by  the  Following: 

I.  See  tliAt  Tour  Equipment  is  Sufficiently  Strong.— It  is  your  duty  to  see  that  the  equip- 
ment and  tools  you  use  for  each  part  of  the  work  are  sufficiently  strong  to  handle  the  same  safely. 

You  should  see  that  the  derricks  >rou  use  are  amply  strong  for  the  loads  to  be  lifted.  Tne 
goose  neck  and  gudgeon  pin  are  the  critical  points  of  a  derrick.  If  you  have  any  doubt  about 
the  strength  of  tne  goose  neck,  provide  heavy  wire  guys  from  gudgeon  pin  to  sill  at  base  of  stiff 
legs.     Don't  lift  a  ten  ton  load  on  a  five  ton  derrick.    The  same  thing  applies  to  gin  poles  and 


travelers.  Don't  overload  your  eouipment  and  don't  run  any  chances  where  life  is  endangered. 
Be  careful  not  to  lift  any  but  a  light  load  on  a  derrick  if  the  length  of  the  boom  exceeds  seventy 
times  the  least  width  or  thickness  of  the  boom;  that  is,  if  your  boom  is  12  in.  X  14  in.  the  least 
width  is  12  in.,  you  should  not  lift  a  heavy  load  on  this  boom  if  it  is  more  than  seventy  .feet  in 
length. 

•  Engineering  News,  Dec.  11,  1913.    The  structural  steel  was  fabricated  and  erected  and  the 
traveler  was  designed  by  the  Morava  Construction  Co.,  Chicago,  Illinois. 
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See  that  travelers  are  well  and  carefully  framed  and  erected,  well  braced  and  capable  of 
withstanding  the  greatest  wind,  and  shocks  from  heaviest  loads  that  are  to  be  lifted. 

See  that  the  hooks,  shackles  and  beckets  on  your  blocks  are  amply  strong,  and  don't  allow  a 
gate  block  to  be  used  without  it  being  closed  and  hooked.  Also  see  that  your  cables  and  chains, 
as  well  as  the  rings  and  hooks  in  the  same,  are  amplv  strong  for  the  loads  to  be  lifted. 

Do  not  use  old  or  worn  line  when  there  is  any  clanger  to  men  or  material  by  so  doing.  Cut 
out  the  use  of  manila  line  whenever  possible.  When  you  are  obliged  to  use  it  be  sure  it  is  amply 
strong.  Use  steel  cable  whenever  possible,  as  it  is  safer,  will  last  longer  and  is  cheaper  in  the 
long  run.  Be  sure  that  the  guy  cables  for  gin  poles,  derricks,  etc.,  are  of  sufficient  size  to  with- 
stand the  tension  to  come  upon  them.  Also  that  the  cables  are  securely  fastened  by  means  of  a 
sufficient  number  of  good,  strong  clamps  well  fastened,  and  also  that  dead  men  or  other  anchorages 
are  ample,  and  watch  them  when  lifting  heavy  loads  to  see  that  ^ys  do  not  cut  dead  men  in  two. 
Keep  gin  pole  guys  as  near  at  right  angles  to  each  other  as  possible,  when  only  four  are  used. 

You  should  be  careful  to  see  that  the  gas  pipe  or  wooden  scaffold  you  use  is  of  proper  size 
and  strength  for  the  span  and  loads.  If  there  is  any  question  about  the  strength,  test  the  same 
by  applying  several  times  the  load  that  will  come  upon  it.  See  that  plank  you  use  for  scaffolding, 
etc.,  b  the  right  kind  of  wood,  preferably  white  or  yellow  pine,  free  from  knots  and  shakes  and 
plenty  strong,  watching  to  see  that  it  is  thick  enough  for  the  spah  on  which  it  is  used. 

Do  not  put  heavy  loads  on  light  push  cars.  The  frame  is  not  only  liable  to  crush  but  the 
shafts,  boxes  or  wheels  may  bend  or  break,  upsetting  the  load  and  injuring  the  men. 

2.  See  That  Tour  Equipment  is  in  Order. — In  setting  up  your  derricks  see  that  they  are 

§lumb,  properly  guyed  and  that  the  splices  are  brought  into  contact  and  bolted  with  tight-ntting 
olts.  See  that  the  goose-necks  fit  gudgeon  pin  closely  and  are  not  cracked  or  bent  and  that  the 
top  of  ^iff-leg  is  tied  down  from  the  goose-neck  to  the  sill  to  prevent  lifting  tendency.  If  the 
timbers  in  the  mast,  boom,  stiff-legs  or  sills  are  rotten,  knotty  or  wind  shaken,  do  not  use  them. 
See  that  your  gudgeon  pin  and  pintle  casting  are  well  fastened  to  the  mast,  and  if  the  mast  is  of 
wood  that  the  wood  is  not  rotten  or  worn  at  these  points. 

You  should  see  that  all  leads  are  as  straight  and  direct  as  possible,  as  failure  to  provide  good 
leads  reduces  the  efficiency  of  your  power  and  equipment,  as  well  as  producing  heavy  wear  on  the 
lines  and  is  a  freouent  cause  of  accidents.  Particular  care  should  oe  exercised  in  securing  good 
leads  for  wire  cable  on  account  of  liability  of  breaking  the  individual  wire  strands  by  sharp  bends 
or  indirect  leads.  A  broken  individual  wire  is  liable  to  lie  across  and  cut  the  other  wires  of  the 
cable.  When  you  use  a  wooden  traveler  see  that  the  timbers  are  all  in  good  condition  and  that 
it  is  erected  plumb  and  square  and  the  joints  are  properly  and  securely  bolted.  More  accidents 
occur  from  the  use  of  wooden  derricks  and  wooden  travelers  tfuin  from  any  other  cause,  and  for  thb 
reason  extreme  care  should  be  exercised  to  see  that  they  are  in  good  condition  before  using  them. 
When  a  traveler  is  used,  see  that  it  is  properly  erected  and  thoroughly  bolted  and  all  sway  and 
bracing  rods  tightened.  ^  ^  ,, 

Do  not  use  an  iron  gin  pole  if  the  sections  are  bent  or  dented  seriously,  or  the  splices  do  not 
clamp  the  pole  tightly  and  securely.  Do  not  use  a  wooden  gin  pole  unless  the  timbier  is  in  good 
condition,  well  spliced  with  good  long  splices  securely  bolted. 

See  that  your  hoisting  engine  is  in  good  order;  that  the  shafts  are  not  bent,  the  dogs,  clutches 
and  brakes,  including  the  friction,  are  in  good  condition  and  working  order.  The  lever  con- 
trolling the  winch  heads  should  be  straight  and  when  thrown  in  should  ensage  the  ratchet  fully. 
See  that  winch  head  cannot  slip  off  shaft.  See  that  the  boilers  are  cleaned  frequently  and  kept  m 
good  condition. 

You  should  be  particular  to  see  that  gas  pipe  scaffolding  is  not  rusted  on  the  inside  and  that 
it  is  fastened  so  that  it  cannot  roll  or  turn.  Uo  not  use  any  plank  or  timber  for  scaffolding  that 
is  knotty,  rotten  or  weather  cracked,  and  allow  no  man  to  work  on  scaffold  plank  laid  loose  on 
the  supports.  The  plank  should  be  fixed  so  that  they  cannot  move  or  slide  endwise,  by  using  drop 
bolts. 

All  cables  should  be  in  ^[ood  condition  and  kept  oiled  or  greased  so  that  they  will  not  rust; 
if  they  are  not  in  good  condition,  do  not  use  them.  All  guy  cables  should  be  securely  fastened 
by  means  of  a  sufficient  number  of  good  clamps. 

See  that  your  chains  and  the  rings  and  hooks  in  the  same  are  not^  worn,  cracked  or  bent 
put  of  shape  and  that  they  are  annealed  at  least  once  every  three  months  in  an  annealing  furnace, 
if  you  are  near  one,  or  otherwise  anneal  them  yourself  by  laying  them  down  in  a  straight  line  and 
building  a  good  sized  wood  fire  over  them,  heating  slowly  to  a  cherry  red,  then  cover  over  thor- 
oughly with  ashes  and  heated  dry  dirt  leaving  them  to  cool  slowly  in  the  ashes  and  dirt.  In  laying 
the  chains  down  in  a  straight  line  do  not  lay  one  chain  on  top  of  another.  Be  particular  to  see 
that  the  covering  is  ample  so  that  air  or  moisture  cannot  cool^  the  chains  quickly  or  partially. 
This  annealing  should  be  done  on  Saturday  and  chains  not  disturbed  until  Monday.  Chains 
used  frequently  every  day  should  be  annealed  once  a  month. 

See  that  your  blocks  are  in  good  order  and  that  the  beckets.  shackles  and  hooks  are  not 
bent,  cracked  or  out  of  shape,  and  that  faces  of  blocks  are  in  good  condition^  also  that  the  sheaves 
are  not  cracked  or  the  flanges  broken. 
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See  that  all  button  sets  (rivet  sets)  are  fastened  to  the  air  hammers. 

3.  See  that  Tour  Equipment  and  Tools  are  Properly  Used. — In  using  a  locomotive  crane  be 
sure  that  your  track  is  properly  ballasted  and  level  and  the  rails  well  spiked  down.  Do  not  lift  a 
load  sideways  when  the  locomotive  crane  is  standing  on  a  curve,  without  using  extra  care.  Use  your 
outriggers  and  rail  clamps  when  lifting  a  heavy  load. 

The  loads  that  a  locomotive  crane  is  capable  of  handling  safely  for  each  radius  are  plainly 
marked  on  the  crane;  don't  attempt  to  lift  heavier  loads  with  the  crane. 

See  that  the  booms  of  locomotive  cranes,  derrick  cars  or  derricks,  are  in  first  class  condition. 
If  the  boom  (or  flanges  of  the  boom)  has  been  injured  or  bent,  don't  use  it,  but  replace  the  broken 
or  bent  part  with  new  material  Don't  attempt  to  straighten  it,  as  the  material  m  all  probability 
has  been  injured,  and  will  break  or  collapse  sooner  or  later. 

A  locomotive  crane  is  a  useful,  but  dangerous  piece  of  equipment,  for  this  reason  the  greatest 
possible  care  should  be  exercised  in  handling  the  same.  Don*t  tUlow  any  man  on  the  car  or  crane 
cab,  except  the  craneman,  and  keep  workmen  from  under  the  boom.  Don't  attempt  to  shift  track  with 
your  crane  standing  on  the  same  track,  and  don't  attempt  to  lift  a  maximum  load  with  the  boom 
horizontal. 

You  must  be  especially  careful  in  swinging  boom  sidewise  or  lifting  loads  sidewise  with  a 
derrick  car  as  vour  car  will  upset  unless  you  use  outriggers  or  guys.  Don't  run  chances,  but  lift 
the  load  straight  ahead  wherever  possible.  See  that  the  boom  on  the  derrick  car  is  tightly  guyed 
at  all  times  with  wire  rope  running  from  end  of  boom  to  sides  of  car.  Never  use  manila  line  for 
this  purpose,  as  it  will  stretch  and  your  boom  will  get  away  from  you,  upsetting  the  car.  Use 
additional  guys  to  end  of  boom  when  setting  heavv  loads. 

In  carrying  loads  with  a  locomotive  crane  or  derrick  car  on  a  curve,  be  sure  that  the  track  is 
level  and  the  outer  rail  not  elevated  as  is  customary  with  railroad  track. 

Be  very  careful  in  using  a  wooden  boom  extension  or  outriggers,  that  you  do  not  lift  too 
heavy  loads.  The  increased  length  of  the  boom  and  the  weight  of  extension  reduce  the  lifting 
capacity  considerably.  Whenever  possible,  avoid  the  attachment  of  guy  lines  to  railroad  tracks, 
as  numerous  accidents  have  occurred  by  car  running  into  the  guys. 

Hook  onto  sheets  or  bundles  of  small  material  so  that  they  cannot  slip  out. 

Don't  allow  men  to  carry  glazed  window  sash  on  their  shoulders  when  the  wind  is. blowing. 

See  that  gate  blocks  are  securely  fastened  and  that  men  do  not  stand  in  the  "bite"  of  a  Une. 

Do  not  use  a  light  gate  block  when  lifting  heavv  loads. 

Lines  should  be  run  around  two  winch  heads  when  making  a  heavy  lift. 

When  you  use  a  derrick  keep  the  boom  elevated  above  a  horizontal  line  as  far  as  possible,  as  gen- 
eraUy  the  worst  stress  comes  on  the  boom  and  mast  as  well  as  stiff-legs  or  guy  lines  when  boom  is  in  a 
horisonial  position.  A  maximum  load  for  the  derrick  should  never  be  lifted  with  the  boom  in  a  hori^ 
tonUU  position. 

When  you  use  a  gin  pole  see  that  the  splices  are  well  bolted  and  the  pole  is  properly  guyed. 
Do  not  lean  the  pole  too  much  when  lifting  a  load  or  moving  the  pole  and  see  that  the  foot  of  the 
pole  cannot  move  or  slip  except  when  you  desire  to  move  it. 

A  number  of  accidents  have  occurred  through  the  improper  loading  of  push  cars.  See  that 
the  load  is  properly  placed  so  that  it  cannot  roll  or  tumble  over,  especially  going  around  a  curve. 
Do  not  allow  your  men  to  push  on  the  side  of  the  car  with  a  top  heavy  load.  They  should  push 
or  pull  from  the  ends  of  the  piece. 

When  you  lift  a  beam  or  girder  use  scissor  dogs  or  cast  steel  girder  hooks  wherever  possible, 
and  if  you  are  obliged  to  use  either  ordinary  dogs  or  chains  see  that  wooden  blocks  are  used  be- 
tween the  chain  or  dog  and  the  flange  to  prevent  the  girder  from  slipping. 

Avoid  the  use  of  chains  except  for  lifting  light  loads.  Where  you  nave  heavy  loads  to  lift 
use  cable  slings,  being  careful  to  avoid  sharp  bends  by  using  rounded  wooden  blocks  between 
cable  and  load.  Don  t  put  too  many  parts  ot  lashing  into  a  hook  as  by  doing  so  you  are  liable  to 
open  up  the  hook.     See  that  exposed  parts  of  dangerous  machinery  are  properly  covered. 

4.  Be  Orderly,  Careful. — See  that  your  work  is  carried  on  in  an  orderly,  careful  manner. 
See  that  material  is  unloaded  and  piled  in  an  orderly,  careful  way  so  that  it  cannot  fall,  turn 

or  be  blown  over. 

Unless  necessary,  do  no  hoist  any  material  to  a  structure  until  you  are  ready  to  put  it  into 
position  and  properly  fasten  it.  In  cases  where  you  do  hoist  material  to  the  structure  before 
putting  it  in  its  nnal  position,  see  that  it  is  piled  in  an  orderly  way  so  that  it  cannot  turn  or  roll 
over  when  a  man  steps  on  it. 

Don't  let  tools  or  equipment  such  as  bolts,  nuts,  drift  pins,  blocks,  dolly  bars,  etc.,  lie  around 
so  that  they  can  be  knocked  off  the  work  or  so  that  any  one  can  fall  over  them.  Keep  every- 
thing orderly  and  in  ship-shape  and  allow  nothing  to  lie  around. 

5.  Be  vigilant — You  must  use  vigilance  and  be  on  the  job  practically  all  the  time  to  see 
that  your  men  are  carrying  out  your  instructions;  that  tools  and  eouipment  are  in  fit  condition 
for  the  work  and  that  they  are  handling  the  work  carefully  and  intelligently. 

Be  careful  and  insist  on  the  men  under  you  being  careful,  and  do  not  allow  any  one  who  ie 
reckless  and  careless  to  work  for  you.  • 
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Whenever  any  question  as  to  the  safety  of  equipment  or  tools  or  the  work  which  you  are 
erecting  is  brought  to  your  attention  by  any  of  the  men  under  you  or  others,  investigate  the 
same  and  satisfy  yourself  of  the  safety  of  the  same  before  proceeding  further.  If  you  are  satisfied 
the  work,  equipment  or  tools  are  not  safe,  put  them  in  a  safe  condition  immediately. 

6.  See  that  Proper  Instruction  is  Given  Employees. — Call  attention  of  men  to  any  dangerous 
conditions  on'the  job  so  that  they  can  be  on  the  lookout.  Your  faithful  attention  to  this  matter 
is  to  the  interest  of  employee  and  employer  alike. 

7.  Unfit  Condition. — You  must  see  that  every  employe  under  you  is  in  proper  physical  con- 
dition. They  should  be  strong,  temperate,  clear-headed,  with  good  eyesight,  good  hearing,  and 
not  lame  or  crippled. 

Do  not  allow  any  man  to  go  to  work  who  has  been  drinking  or  drinks  during  working  hours 
or  who  is  sick  or  in  unfit  condition.  A  man's  mind  is  not  clear  who  is  at  all  under  the  influence 
of  liquor  and  thus  endangers  his  own  and  fellow  workmen's  lives.     Don't  employ  ignorant  persons. 

Don't  employ  any  one  under  eighteen  years  of  age  and  preferably  no  one  under  twenty-one. 
Those  emplo>[ed  between  the  ages  of  eighteen  and  twenty-one  should  be  strong,  sober,  healthy 
boys  who  desire  to  learn  the  business.  You  must  secure  a  written  permit  from  the  parents  of 
all  boys  under  twentv-one  years  of  age,  authorizing  you  to  employ  them.  Forms  for  this  purpose 
will  be  sent  you.  The  character  of  this  business  is  such  that  a  workman  should  be  strong  and 
sound  in  body,  temperate  in  habits,  clear  and  alert  in  mind,  to  avoid  accidents. 

8.  Use  Judgment — You  must  use  judgment  in  assigning  men  to  do  certain  work  and  see  that 
they  are  capable  and  experienced  in  the  work  to  be  done. 

Signal  men  should  be  capable,  experienced  bridgemen,  and  should  stand  in  a  position  where 
they  can  be  seen  by  the  men  at  the  hoisting  engine  and  those  connecting  the  work.  Signals 
should  be  clearly  understood.  Use  none  but  good,  careful,  experienced  locomotive  cranemen, 
derrick  car  men,  and  men  on  winch  heads. 

Don't  resort  to  expediency  by  allowing  an  inexperienced  man  to  do*the  work  where  experience 
counts.  Educate  the  men  up  to  their  work.  Don't  throw  too  much  on  inexperienced  men  all 
at  once.  You  should  see  that  the  pusher  and  men  use  proper  tools  to  do  the  work  and  handle 
same  properly.  Don't  allow  your  men  to  work  on  crane  runway  when  cranes  are  in  motion. 
Don't  allow  men  to  work  on  scaffold  that  you  would  not  work  on  yourself.  Where  there  are 
heavy  pieces  to  be  lifted  see  if  the  weight  is  marked  on  the  piece;  if  not,  get  the  weight  from 
the  invoice  and  mark  it  on,  calling  pusher's  attention  to  it. 

9.  Do  Not  Allow  Men  to  Work  in  Perilous  Places. — ^You  must  see  that  your  men  are  not 
exposed  to  extremely  hazardous  conditions  and  that  they  are  not  allowed  to  work  in  extremely 
dangerous  places. 

Do  not  allow  your  men  to  work  under  loads  and  in  places  where  there  is  imminent  danger. 
Be  careful  not  to  allow  men  to  work  on  the  roofs  of  buildings  when  there  is  frost,  ice  or  snow 
on  the  same,  without  taking  extreme  precautions.    The  same  applies  to  other  steel  structures. 

10.  See  That  Workmen  Obey  Following  Rules. 

a.  Don't  Be  Reckless. — More  accidents  occur  through  recklessness  than  any  other  cause. 
Don't  walk  on  rods.     Don't  ride  a  load.     I>on't  ride  on  a  locomotive  crane. 

h.  Don't  Be  Careless. — ^Look  where  you  step  and  be  sure  that  on  what  you  step  is  saf^and 
secure.  Don't  step  on  ends  of  loose  plank.  Don't  start  to  slide  down  a  line  unless  you  are  sure 
the  ends  are  fastened. 

c.  Be  Orderiy. — Do  whatever  you  do  in  an  orderly,  careful  manner.  Pile  material  so  that 
it  cannot  roll,  fall,  tumble,  or  be  blown  over.  Don't  let  tools  or  equipment  such  as  bolts,  nuts, 
drift  pins,  blocks,  dolly  bars,  etc.,  lie  around  so  that  they  can  be  knocked  off  the  work  or  so  that 
any  one  can  fall  over  them. 

,  d.  Unfit  Condition. — Don't  go  to  work  if  ypu  have  been  drinking  or  do  not  feel  well.  If  you 
are  lame  or  have  any  defect  in  hearing  or  eyesight  you  should  not  work  at  this  business  as  by  so 
doing  you  endanger  your  own  and  fellow  workmen's  lives.  If  you  are  inexperienced  in,  or  un- 
suited  for  the  work  to  be  done,  don't  undertake  it. 

e.  Be  Vigilant — ^Watch  what  you  are  doing.  Don't  stand  or  work  under  a  load.  Don't 
go  in  the  "bite"  of  a  line  nor  stand  in  front  of  a  snatch  block.  Don't  work  on  or  about  a  crane 
runway  when  the  crane  is  in  use  unless  there  is  a  stop  between  you  and  the  crane. 

/.  Don't  Use  Unfit  Tools. — Be  sure  the  tools  and  eouipment  you  use  are  in  good  working 
order.     If  they  are  not,  don't  use  them.    Don't  work  witn  men  who  don't  observe  these  rules. 


SPECIFICATIONS  FOR  THE  ERECTION  OF  RAILWAY  BRIDGES  * 
Amehican  Railway  Engineering  Association. 

1.  Work  to  be  Done. — ^The  Contractor  shall  erect,  rivet  and  adjust  all  metal  work  in  place 
complete,  and  perform  all  other  work  hereinafter  specified. 

2.  Plant — ^The  Contractor  shall  provide  all  tools,  machinery  and  appliances  necessary  for 
the  expeditious  handling  of  the  work,  mcluding  drift  pins  and  fittmg  up  bolts. 

3.  Falsework. — ^The  method  of  erection  and  plans  for  falsework  and  erection  equipment 
shall  be  subject  to  approval  by  the  Engineer,  but  such  approval  shall  not  relieve  the  Contractor 

from  any  responsibility.    Falsework  will  be  built  by  t Falsework 

material  of  every  character  will  be  provided  by  the  t 

The  temporary  structure  for  use  during  erection  and  for  maintaining  the  traffic  shall  be 
properly  designed  and  substantially  constructed  for  the  loads  which  will  come  upon  it.  All  bents 
shall  be  thoroughly  secured  against  movement,  both  transversely  and  longitudinally.  The  bents 
shall  be  well  secured  against  settling,  and  piles  used  wherever  firm  bottom  cannot  be  obtained. 
Upon  completion  of  the  erection,  the  temporary  structure,  if  the  property  of  the  Railway  Company, 
shall  be  removed  without  unnecessary  damage  and  neatly  piled  near  the  site  or  loaded  on  cars, 
as  may  be  directed.  If  the  property  of  the  Contractor,  it  shall  be  removed  in  a  manner  subject 
to  the  approval  of  the  Engineer. 

Falsework  placed  by  the  Railway  Company  under  an  old  structure  or  for  carrying  traffic, 
may  be  used  as  far  as  practicable  by  the  Contractor  during  erection,  but  it  shall  not  be  unneces- 
sarily cut  or  wasted. 

4.  Conduct  of  Work. — ^The  work  shall  be  prosecuted  with  sufficient  force,  plant  and  ec^uip- 
ment  to  expedite  its  completion  to  the  utmost  extent  and  in  such  a  manner  as  to  be  at  all  times 
subordinate  to  the  use  of  the  tracks  by  the  Railway  Company,  and  so  as  not  to  interfere  with  the 
work  of  other  contractors,  or  to  close  or  obstruct  any  thoroughfare  by  land  or  water,  except 
under  proper  authority. 

Reasonable  reduction  of  speed  will  be  allowed  upon  request  of  the  Contractor. 

Tracks  shall  not  be  cut  nor  shall  trains  be  subjected  to  any  stoppage  except  when  specifically 
authorized  by  the  Engineer. 

The  Contractor  shall  protect  traffic  and  his  work  by  flagman  furnished  by  and  at  the  expense 
of  the  Railway  Company.  The  Contractor  shall  provide  competent  watchmen  to  guard  the  work 
and  material  against  injury. 

5.  Engine  Service. — If  under  the  contract,  work  train  or  engine  service  is  furnished  the 
Contractor  free  of  charge,  such  service  shall  consist  only  in  unloading  materials  and  in  trans- 
ferring the  same  from  a  convenient  siding  to  the  bridge  site.    Other  engine  service  shall  be  |>aid 

for  by  the  Contractor  at  the  rate  of  $^ per  day  per  engine,  the  time  to  include  the  time 

necessary  for  the  engine  to  come  from  and  return  to  its  terminal.  When  engine  service  is  desired 
the  Contractor  shall  give  the  proper  railway  officials  at  least  24  hours'  advance  notice  and  the 
Railway  Company  will  furnish  the  service  as  promptly  as  possible,  consistent  with  railroad 
operations. 

When  derrick  cars  are  used  on  main  tracks,  their  movements  shall  be  in  charge  of  a  train 
crew,  and  the  expense  of  the  crew  and  any  engine  service  other  than  as  noted  above  shall  be 
charged  to  the  Contractor. 

6.  Transportation. — ^When  transportation  of  equipment,  materials  and  men  is  furnished 
free  over  the  Railway  Company's  line,  it  shall  be  subject  to  such  conditions  as  may  be  stated 
in  the  contract. 

7.  Masonry. — ^The  Railway  Company  will  furnish  all  masonry  to  correct  lines  and  elevations, 
and  unless  otherwise  stated  in  the  contract,  will  make  all  changes  in  old  masonry  without  un- 
necessarily impeding  the  operations  of  the  Contractor.  The  Railway  Company's  engineers  will 
establish  lines  and  elevations  and  assume  responsibility  therefor,  but  the  Contractor  shall  com- 
pare the  elevations,  distances,  etc.,  shown  on  plans,  with  the  masonry  as  actually  constructed  as 
far  as  practicable,  before  he  assembles  the  steel.  In  case  of  discrepancy,  he  shall  immediately 
notify  the  Engineer. 

8.  Handling  and  Storing  of  Materials. — Cars  containing  materials  or  plant  shall  be  promptly 
unloaded  upon  delivery  therefor,  and  in  case  of  failure  to  do  so  the  Contractor  shall  be  liable  for 
demurrage  charges.  Material  shall  be  placed  on  sldds  above  the  ground,  laid  so  as  not  to  hold 
water,  and  storwl  and  handled  in  such  a  manner  as  not  to  be  injured  or  to  interfere  with  railroad 
operations.  The  expense  of  repairing  or  replacing  material  damaged  by  rough  handling  shall  be 
cnarged  to  the  Contractor.  The  Contractor,  while  unloading  and  storing  material,  shall  compare 
each  piece  with  the  shipping  list  and  promptly  report  any  shortage  or  injury  discovered. 

♦  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  13,  1912,  pp.  83-87,  935-945. 
t  Insert  "Railway  Company"  or  "Contractor,"  as  the  case  may  be. 
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9.  Maintenance  of  Traffic. — When  traffic  is  to  be  maintained  it  will  be  carried  on  in  sucli  a 
manner  as  to  interfere  as  little  as  practicable  with  the  work  of  the  Contractor. 

Changes  in  the  supporting  structure  or  tracks  required  during  erection  shall  be  at  all  times 
under  the  direct  control  and  supervision  of  the  Railway  Company. 

10.  Removal  of  Old  Structure. — Unless  otherwise  specinedp  metal  work  in  the  old  structure 
shall  be  dismantled  without  unnecessary  damage  and  loaded  on  cars  or  neatly  piled  at  a  site 
immediately  adjacent  to  the  tracks,  and  at  a  convenient  grade  for  future  handling,  as  may  be 
directed.  When  the  structure  is  to  be  used  elsewhere  all  parts  will  be  matchmarked  by  the 
Railway  Company;  when  the  old  bridge  is  composed  of  several  spans  the  parts  of  each  shall  be  kept 
separate. 

11.  Metal  Work. — Material  shall  be  handled  without  damage.  Threads  of  all  pins  shall  be 
protected  by  pilot  and  driving  nuts  while  being  driven  in  place. 

Light  drifting:  will  be  permitted  in  order  to  draw  the  parts  together,  but  drifting  for  the 
purpose  of  matchmg  unfair  holes  will  not  be  permitted.     Unfair  holes  shall  be  reamed  or  drilled. 

Nuts  on  pins  and  on  bolts  remaining  in  the  structure  shall  be  effectively  locked  by  checking 
the  threads. 

All  splices  and  field  connections  shall  be  securely  bolted  prior  to  riveting.  When  the  parts 
are  required  to  carry  traffic,  important  connections,  such  as  attachments  of  stringers  and  floor- 
beams,  shall  have  at  least  fifty  (50)  per  cent  of  the  holes  filled  with  bolts  and  twenty-five  (25)  per 
cent  with  drift  pins.  All  tension  splices  shall  be  riveted  up  complete  before  blocking  is  removed. 
When  not  carrying  traffic,  at  least  thirty-three  and  one-third  (33  J)  per  cent  of  the  holes  shall  have 
bolts. 

Rivets  in  splices  of  compression  members  shall  not  be  driven  until  the  members  shall  have 
been  subjected  to  full  dead  load  stresses.  Rivets  shall  be  driven  tight.  No  recupping  or  caulking 
will  be  permitted.  The  heads  shall  be  full  and  uniform  in  size  and  free  from  fins,  concentric 
and  in  full  contact  with  the  metal.     Heads  shall  be  painted  immediately  after  acceptance. 

Ri^.'ets  shall  be  uniformly  and  thoroughly  heated  and  no  burnt  rivets  shall  be  driven.  All 
defective  rivets  shall  be  promptly  cut  out  and  redriven.  In  removing  rivets  the  surrounding 
metal  shall  not  be  injured;  if  necessary,  the  rivets  shall  be  drilled  out. 

12.  Misfits.— Correction  of  minor  misfits  and  a  reasonable  amount  of  reaming  shall  be  con- 
sidered as  a  legitimate  part  of  the  erection. 

Any  error  in  shop  work  which  prevents  the  proper  assembling  and  fitting  up  of  parts  by  the 
moderate  use  of  drift  pins,  and  a  moderate  amount  of  reaming  and  slight  chipping  or  cutting, 
shall  be  immediately  reported  to  the  Engineer  and  the  work  of  correction  done  in  the  presence  of 
the  Engineer,  who  shall  check  the  time  expended.  The  Contractor  shall  render  an  itemized  bill 
for  such  work  of  correction  for  the  approval  of  the  Engineer. 

13.  Anchor  Bolts. — ^Holes  for  all  anchor  bolts,  except  where  bolts  are  built  up  with  the 
masonrv,  shall  be  drilled  by  the  Contractor  after  the  metal  is  in  place  and  the  bolts  dhall  be  set 
in  Portland  cement  grout. 

Id.  Bed  Plates. — Bed  plates  resting  on  masonry  shall  be  set  level  and  have  a  full  even  bearing 
over  their  entire  surface;  this  shall  be  attained  by  either  the  use  of  Portland  cement  grout  or 
mortar,  or  by  tightly  ramming  in  rust  cement  under  the  bed  plates  after  blocking  them  accurately 
in  position. 

15.  Decks. — ^The  * will  frame  and  place  the  permanent  timber  deck. 

16.  Painting. — ^The  paint  will  be  furnished  by  ^ and  shall  be  of 

such  color,  quality  and  manufacture  as  may  be  specified. 

Surfaces  inaccessible  after  erection,  such  as  bottoms  of  base  plates,  tops  of  stringers,  etc., 
shall  receive  two  coats  of  paint,  allowing  enoup:h  time  between  coats  for  the  first  coat  to  dry  before 
applying  the  second.  No  paint  shall  tc  applied  in  wet  or  freering  weather,  nor  when  the  surface 
of  the  metal  is  damp.  Painting  shall  be  done  in  good  and  workmanlike  manner,  subject  to  strict 
inspection  during  progress  and  after  completion,  and  in  accordance  with  special  instructions 
which  shall  be  given  by  the  Engineer.  All  metal  shall  be  thoroughly  cleaned  of  dirt,  rust,  loose 
scale,  etc.,  before  the  paint  is  applied. 

17.  Clearing  the  Site. — ^Tne  Contractor,  after  completion  of  the  work  of  erection,  shall 
remove  all  old  material  and  debris  resulting  from  his  operations  and  place  the  premises  in  a  neat 
condition. 

18.  Superintendence  and  Wor]Emen.-^During  the  enrire  progress  of  the  work  the  Contractor 
shall  have  a  competent  superintendent  in  personal  charge  and  shall  employ  only  skilled  and 
competent  workmen.  Instructions  given  by  the  Engineer  to  the  Superintendent  shall  be  carried 
out  the  same  as  if  given  to  the  Contractor.  If  any  of  the  Contractor's  employes  by  unseemly 
or  boisterous  conduct,  or  by  incompetency  or  dishonesty,  show  unfitness  for  employment  on  the 
work,  they  shall,  upon  instructions  from  the  Engineer,  be  discharged  from  the  work,  nor  there- 
after be  employed  upon  it  without  the  Engineer's  consent. 

♦  Insert  "Railway  Company"  or  "Contractor,"  as  the  case  may  be. 
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19.  lagp^cdaa. — ^The  work  of  erectkm  shall  at  all  times  be  sabject  to  the  inspectkm  and 
acceptance  of  the  Engineer, 

20.  Eogmeer. — ^The  tenn  "Engineer,"  as  used  herein,  shall  be  undtfstood  to  mean  the 
Chi^  Engineer  of  the  Railway  Company,  or  his  accredited  represenutive. 

INSTRUCTIONS  FOR  THE  INSPECTION  OF  BRIDGE  ERECTION .• 

(i)  Study  and  observe  the  plans  and  specifications  for  steel  construction.  Study  the  masonry 
plans  and  check  the  masoniy  as  built  with  the  steel  plans. 

(2)  Familiarize  yourself  with  the  local  conditions  a£Fecting  erection. 

Make  the  acquaintance  of  the  principal  men  engaged  upon  the  work  and  of  local  residents 
whose  interests  may  be  a£Fected  thereby. 

(3)  Obtain  and  study  carefully  the  time  table  and  be  well  posted  concerning  the  time  when 
regular  and  extra  trains  are  due  and  their  relative  importance.  Acquaint  yourself  with  all  special 
traffic  arrangements,  made  because  of  the  work  in  hand. 

(j.)  Secure  full  information  concerning  the  conditions  of  the  work  in  the  bridge  shop  and  the 
probable  dates  of  shipment. 

(5)  Obtain  reports  of  any  uncompleted  or  erroneous  work  that  must  be  attended  to  after 
arrival  of  the  material  in  the  field. 

(6)  Study  the  erection  program  in  order  to  avoid  delays  and  be  able  to  recommend  some 
other  procedure  in  an  emeraency. 

(7)  Endeavor  to  have  full  preparations  made  before  disturbing  the  track  so  that  the  erection 
may  proceed  rapidly  and  the  period  of  such  disturbance  be  made  a  minimum. 

(8)  Keep  a  record  of  the  arrival  of  all  materials.  The'  contractor's  record  should  be  sufficient 
if  available.  Strive  to  anticipate  any  shortage  of  material  and  use  all  available  facilities  to  hasten 
deliverv  of  the  needed  parts. 

(9)  Study  the  progress  of  the  work  and  determine  whether  it  is  likely  to  be  completed  in  the 
time  allotted.  If  not,  endeavor  to  secure  such  additions  to  the  force  and  equipment  as  will  insure 
such  completion. 

(10)  Make  a  daily  fecord  of  the  force  employed  and  the  distribution  of  labor,. in  a  way  that 
will  assist  in  following  clauses  9  and  23. 

(11)  Exercise  a  constant  supervision  of  any  temporary  structure  or  falsework  and  make 
soundings  if  necessary  with  the  purpose  of  discovering  any  evidence  of  failure  or  lack  df  safety 
and  having  it  corrected  before  damage  is  done.  Examine  erection  equipment  with  a  view  to  its 
Kifety  and  adequacy. 

(12)  Be  constantly  on  hand  when  work  is  in  progress  and  note  any  damage  to  the  metal, 
failure  to  conform  to  the  specification  or  any  especial  difficulty  in  assembling. 

(13)  Make  sure  that  each  member  of  the  structure  is  placed  in  its  proper  position.  If  match 
marks  are  used,  examine  them  with  care. 

Endeavor  to  have  the  several  members  assembled  in  such  order  that  no  unsatisfactory  make- 
shifts need  be  resorted  to  in  getting  some  minor  member  in  place. 

(i  J.)  Prevent  any  abuse  or  rough  usage  of  the  material.  Bending,  straining  and  heavy  pound- 
ing with  sledges  are  included  in  such  abuse. 

(15)  Watch  carefully  the  use  of  fillers,  washers  and  threaded  members  to  see  that  they  are 
neither  omitted  nor  misused. 

(16)  Make  certain  that  all  parts  of  the  structure  are  properly  aligned  and  that  the  required 
camber  exists  before  riveting.  It  is  possible  for  a  structure  to  be  badly  distorted  although  the 
rivet  holes  are  well  filled  with  the  bolts. 

(17)  Watch  the  heating  of  rivets  to  insure  against  overheating  and  to  make  sure  that  scale 
is  removed. 

Examine  and  test  carefully  all  field-driven  rivets  and  have  any  that  are  loose  or  imperfect 
replaced. 

Have  cut  out  and  replaced  all  rivets,  whether  shop-driven  or  field-driven,  that  may  be  loosened 
during  erection  and  riveting. 

Prevent  injury  to  metal  while  removing  rivets. 

(18)  Present  to  the  contractor  at  once  for  his  attention  any  violation  of  the  specifications 
or  contract,  and  secure  a  correction  or  refer  the  matter  to  the  proper  authorities  as  soon  as  possible. 

(19)  Keep  informed  concerning  the  use  of  Company  material  and  work  trains  and  assist 
in  procuring  such  material  and  trains  when  needed,  and  preserve  a  record  thereof. 

(20)  Secure  a  match-marking  diagram  of  any  old  structure  to  be  removed  and  see  that  each 
part  of  such  structure  is  properly  marked  in  accordance  therewith.  Make  a  record  of  the  manner 
of  cutting  the  old  structure  apart  and  report  any  damage  to  the  members  of  the  old  structure. 

•  Am.  Ry.  Eng.  Assoc.,  Vol.  14,  p.  90. 
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Indicate  by  sketches  or  otherwise  such  repairs  or  replacement  as  will  be  found  necessary  in  re- 
erection. 

(21)  Secure  photographic  records  of  progress  and  the  important  features  of  the  work  where- 
ever  practicable. 

(22)  Make  a  record  of  flagging  of  trains,  whether  performed  for  the  benefit  of  the  Contractor 
or  otherwise,  delays  to  trains,  personal  injuries,  and  accidents  of  every  kind. 

(23)  Make  reports  as  directed,  showing  the  progress  of  the  work,  the  size  of  the  force  and 
the  equipment  in  use. 

Make  a  final  report  showing  the  cost  of  labor  of  erection  per  ton  of  material  erected,  the 
cost  of  labor  per  rivet  in  riveting,  the  cost  of  correcting  errors  in  design  and  fabrication  and  com- 
menting on  the  design  and  details;  and  give  such  other  information  as  may  be  useful  in  planning 
similar  work. 


CHAPTER  XV. 
Engineering  Materials. 

IRON  AND  STEEL. — ^The  following  definitions  were  adopted  by  the  Committee  on  the 
Uniform  Nomenclature  of  Iron  and  Steel  of  the  International  Association  for  Testing  Materials, 
September,  1906. 

Cast  Xron. — Iron  containing  so  much  carbon  or  its  equivalent  that  it  is  not  malleable  at  any 
temperature.  The  committee  recommends  drawing  the  line  between  cast  iron  and  steel  at  2.20 
per  cent  carbon. 

Pig  Xron. — Cast  iron  which  has  been  cast  into  pigs  direct  from  the  blast  furnace. 

Bessemer  Pig  Lron. — Iron  which  contains  so  little  phosphorus  and  sulphur  that  it  can  be  used 
for  conversion  into  steel  by  the  original  or  acid  Bessemer  process  (restricted  to  pig  iron  containing 
not  more  than  o.io  per  cent  of  phosphorus). 

Basic  Pig  Iron. — Pig  iron  containing  so  little  silicon  and  sulphur  that  it  is  suited  for  easy 
conversion  into  steel  by  the  basic  open-hearth  process  (restricted  to  pig  iron  containing  not  more 
than  1. 00  per  cent  of  silicon). 

Gray  Pig  Iron  and  Gray  Cast  Xron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  the  iron 
itself  is  nearly  or  quite  concealed  by  graphite,  so  that  the  fracture  has  the  gray  color  of  graphite. 

White  Pig  Iron  and  White  Cast  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  little 
or  no  graphite  is  visible,  so  that  the  fracture  is  silvery  and  white. 

l£dleable  Castings. — Castings  made  from  iron  which  when  first  made  is  in  the  condition  of 
cast  iron,  and  is  made  malleable  by  subsequent  treatment  without  fusion. 

Malleable  Pig  Iron. — An  American  trade  name  for  the  pig  iron  suitable  for  converting  into 
malleable  castings  through  the  process  of  melting,  treating  when  molten,  casting  in  a  brittle  state, 
and  then  making  malleable  without  remelting. 

Wrought  Iron. — ^Slag-bearing,  malleable  iron,  which  does  not  harden  materially  when  suddenly 
cooled. 

Steel. — Iron  which  is  malleable  at  least  in  some  one  range  of  temperature  and  in  addition  is 
either  (a)  cast  into  an  initially  malleable  mass;  or,  (b)  is  capable  of  hardening  greatly  by  sudden 
cooling;  or,  (c)  is  both  so  cast  and  so  capable  of  hardening. 

Open-heuth  Steel. — Steel  made  by  the  open-hearth  process,  irrespective  of  carbon  content. 

Bessemer  Steel. — Steel  made  by  the  Bessemer  process,  irrespective  of  carbon  content. 

Blister  Steel. — ^Steel  made  by  carburizing  wrought  iron  by  heating  it  in  contact  with  car- 
bonaceous matter. 

Crucible  SteeL — Steel  made  by  the  crucible  process,  irrespective  of  carbon  content. 

Steel  Castings. — Unforged  and  unrolled  castings  made  of  Bessemer,  open-hearth,  crucible 
or  anv  other  steel. 

Alloy  Steels. — ^Steels  which  owe  their  properties  chiefly  to  the  presence  of  an  element  other 
than  carbon. 

Classification  of  Iron  and  SteeL — ^The  limits  of  carbon,  the  specific  gravity  and  properties 
of  iron  and  steel  are  as  follows: 


Per  cent  of  Carbon.        S 

ipedfic  Gravity. 

Properties. 

Cast  Iron 

5       to  1.50 

7.2 

Not  malleable,  not  temperable 

Steel 

1.50  too.  10 

7.8 

Malleable  and  temperable 

Wrought  Iron 

0.30  to  0.05 

7.7 

Malleable,  not  temperable 

It  will  be  seen  that  the  percentage  of  carbon  alone  is  not  sufficient  to  distinguish  between  steel 
and  wrought  iron.  The  softer  grades  of  steel  resemble  wrought  iron.  Very  mild  open-hearth 
steel  is  often  sold  under  the  trade  name  of  "  Ingot  Iron,"  and  is  reputed  to  have  many  advantages 
over  structural  steel,  most  of  which  properties  it  does  not  possess  among  which  is  the  ability  to  resist 
corrosion. 
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CAST  IRON. — ^The  product  of  the  blast  f umacey  where  the  iron  ore  is  reduced  in  the  presence 
of  a  flux,  is  called  pig  iron.  The  term  cast  iron  is  commonly  applied  to  pig  iron  after  it  has  been 
again  melted  and  cast  into  finished  form.  Cast  iron  contains  carbon,  silicon,  sulphur,  phosphorus, 
and  manganese  in  addition  to  pure  iron,  and  occasionally  very  small  quantities  of  other  elements. 
The  amount  of  carbon  depends  largely  upon  the  presence  of  other  elements. 

Carbon. — ^The  percentage  of  carbon  ordinarily  varies  between  li  and  4  per  cent,  but  in  the 
presence  of  manganese  the  carbon  may  be  much  higher.  Carbon  may  occur  in  the  form  of  com- 
bined carbon,  giving  a  white  brittle  cast  iron,  or  in  the  form  of  graphite,  giving  a  gray  cast  iron, 
which  is  the  form  used  in  structural  castings.  The  proper  amount  of  carbon  in  cast  iron  depends 
upon  the  amount  of  other  impurities  and  upon  the  use  that  is  to  be  made  of  the  finished  product. 

Silicon, — ^The  carbon  is  controlled  by  varying  the  amount  of  silicon  and  sulphur.  Silicon 
acts  as  a  precipitant  of  carbon,  changing  it  from  the  combined  form  to  the  graphite  form.  The 
silicon  in  gray  cast  iron  is  usually  between  f  and  3  per  cent. 

Sulphur. — ^Sulphur  has  the  opposite  effect  of  silicon  and  its  presence  is  considered  objection- 
able. Sulphur  produces  "  red-shortness  "  (brittleness  when  the  iron  is  heated).  The  amount  of 
sulphur  in  gray-iron  castings  should  not  exceed  0.12  per  cent. 

Manganese. — Manganese  and  sulphur  both  tend  to  increase  the  amount  of  combined  carbon, 
but  they  tend  to  neutralize  each  other.  Manganese  gives  closeness  of  grain  and  prevents  the 
absorption  of  sulphur  on  remelting.  The  amount  of  manganese  in  gray-iron  castings  is  usually 
less  than  i  per  cent;  more  than  2  per  cent  makes  cast  iron  brittle. 

Phosphorus. — Phosphorus  increases  the  fusibility  and  fluidity  of  cast  iron  but  at  the  same 
time  makes  it  brittle.  A  high  phosphorus  content  is  necessary  in  cast  iron  for  light  ornamental 
castings  where  strength  is  not  required.  The  phosphorus  in  gray-iron  castings  varies  from  i  to 
I  j  per  cent- 
Malleable  Castings. — Small  thin  castings  made  of  white  cast  iron  may  be  decarbonized  by 
heating  the  castings  in  annealing  pots  containing  hematite  ore  or  forge  iron  scale.  The  castings 
are  kept  at  a  cherry  red  heat  for  three  to  four  days,  and  are  then  allowed  to  cool  slowly.  The  metal 
in  malleable  castings  should  not  exceed  }  in.  in  thickness  in  small  castings,  nor  i  in.  in  large 
castings,  and  should  be  of  uniform  thickness. 

Strength  of  Cast  Iron. — ^The  strengths  of  gray-iron  castings  are  given  in  Table  I  and  in  the 
Specifications  for  Gray-iron  Castings  of  the  American  Society  for  Testing  Materials. 


STANDARD  SPECIFICATIONS  FOR  GRAY-IRON  CASTINGS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  September  i,  1905. 

1.  Process  of  Mannfactiire.    Unless  furnace  iron  is  specified,  all  gray  castings  are  underetood 
to  be  made  by  the  cupola  process. 

2.  Chemical  Properties.    The  sulphur  contents  to  be  as  follows: 

Light  castings not  over  0.08  per  cent 

Medium  castings "        o.io       " 

Heavy  castings "        0.12       " 

«.  CUssiilcatiQn.    In  dividing  castings  into  light,  medium  and  heavy  classes,  the  following 
standards  have  been  adopted: 

Castings  having  any  section  less  than  }  in.  thick  shall  be  known  as  Ughl  castings. 
Castings  in  which  no  section  b  less  than  2  in.  thick  shall  be  known  as  heavy  castings. 
Medium  castings  are  those  not  included  in  the  above  classification. 

4.  Physical  Properties.     Transverse  Test.    The  minimum  breaking  strength  of  the  "  Arbi- 
tration Bar  "  under  transverse  load  shall  be  not  under: 

Light  castings 2,5«>  ib. 

Medium  castings 2,900  " 

Heavy  castings 3»3«>  " 

In  no  case  shall  the  deflection  be  under  o.io  in. 
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Tensile  Tesk    Where  specified,  this  shall  not  run  less  than: 

Light  castings , 18,000  lb.  per  sq.  in. 

Medium  castings 21,000  '*    **        * 

Heavy  castings 24,000  "    "      " 

5.  Arbitration  Bar.  The  quality  of  the  iron  going  into  castings  under  specification  shall  be 
determined  by  means  of  the  *'  Arbitration  Bar."  This  is  a  bar  i^  in.  in  diameter  and  15  in.  long. 
It  shall  be  prepared  as  stated  further  on  and  tested  transversely.  The  tensile  test  is  not  recom- 
mended, but  in  case  it  is  called  for,  the  bar  as  shown  in  Fig.  i ,  and  turned  up  from  any  of  the  broken 
pieces  of  the  transverse  test  shall  be  used.  The  expense  of  the  tensile  test  shall  fall  on  the  pur- 
chaser. 

6.  Number  of  Test  Bars.  Two  sets  of  two  bars  shall  be  cast  from  each  heat,  one  set  from  the 
first  and  the  other  set  from  the  last  iron  going  into  the  castings.  Where  the  heat  exceeds  twenty 
tons,  an  additional  set  of  two  bars  shall  be  cast  for  each  twenty  tons  or  fraction  thereof  above  this 
amount.  In  case  of  a  change  of  mixture  during  the  heat,  one  set  of  two  bars  shall  also  be  cast 
for  every  mixture  other  than  the  regular  one.  Each  set  of  two  bars  is  to  go  into  a  single  mold. 
The  bars  shall  not  be  rumbled  or  otherwise  treated,  being  simply  brushed  off  before  testing. 
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Fig.  I. — ^Arbitration  Test  Bar.    Tensile  Test  Piece. 


7.  Metiiod  of  Testing.  The  transverse  test  shall  be  made  on  all  the  bars  cast,  with  supports 
12  in.  apart,  load  applied  at  the  middle,  and  the  deflection  at  rupture  noted.  One  bar  of  every 
two  of  each  set  made  must  fulfil  the  requirements  to  permit  acceptance  of  the  castings  represented. 

8.  MM  for  Test  Bar.  The  mold  for  the  bars  is  shown  in  Fig.  2.  The  bottom  of  the  bar  is 
-fi  in.  smaller  in  diameter  than  the  top,  to  allow  for  draft  and  for  the  strain  of  pouring.  The 
pattern  shall  not  be  rapped  before  withdrawing.  The  fiask  is  to  be  rammed  up  with  green  molding 
sand,  a  little  damper  than  usual,  welt  mixed  and  put  through  a  No.  8  sieve,  with  a  mixture  of  one 
to  twelve  bituminous  facing.  The  mold  shall  be  i;ammed  evenly  and  fairly  hard,  thoroughly  dried 
and  not  cast  until  it  is  coldf.  The  test  bar  shall  not  be  removed  from  the  mold  until  cold  enough 
to  be  handled. 

9.  Speed  of  Testing.  The  rate  of  application  of  the  load  shall  be  from  20  to  40  seconds  for  a 
deflection  of  o.io  in. 

10.  Samples  for  Analysis.  Borings  from  the  broken  pieces  of  the  "  Arbitration  Bar  "  shall 
be  used  for  the  sulphur  determinations.  One  determination  for  each  mold  made  shall  be 
required.  In  case  of  dispute,  the  standards  of  the  American  Foundrymen's  Association  shall  be 
used  for  comparison. 

1 1.  Finish*  Castings  shall  be  true  to  pattern,  free  from  cracks,  flaws  and  excessive  shrinkage. 
In  other  respects  they  shall  conform  to  whatever  points  may  be  specially  agreed  upon. 

12.  Inspection.  The  inspector  shall  have  reasonable  facilities  afforded  him  oy  the  manu- 
facturer to  satisfy  him  that  the  finished  material  is  furnished  in  accordance  with  these  specifications. 
All  tests  and  inspections  shall,  as  far  as  possible,  be  made  at  the  place  of  manufacture  prior  to 
shipment. 

WROUGHT  IRON. — ^Wrought  iron  is  made  in  a  reverberatory  furnace  from  pig  iron  or  from 
molten  metal  taken  directly  from  the  blast  furnace.  The  hearth  of  the  reverberatory  furnace  is 
fettled  with  high  grade  iron  ore  or  mill  scale,  which  acts  as  an  oxidizing  agent  for  reducing  the 

impurities.    The  puddling  process  may  be  divided  into  four  stages:  First  or  meltin"  -" "--"», 

occupying  about  30  minutes,  during  which  the  silicon  and  manganese  are  oxidizec* 
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able. part  of  the  phosphorus  is  oxidized;  all  oxidized  products  unite  with  the  slag.  Second  or 
clearing  stage,  occupying  about  lo  minutes,  during  which  the  remainder  of  the  silicon  and  manga> 
nese,  and  more  of  the  phosphorus  are  oxidized  and  removed  from  the  pig  iron.  Third  or  boiling 
stage,  occupying  about  30  minutes,  in  which  nearly  all  the  carbon  is  removed  and  most  of  the 
remaining  phosphorus  is  removed.  Last  or  balling  stage,  occupying  about  20  minutes,  in  which 
the  metal  is  gathered  by  the  puddler  into  balls  weighing  about  75  to  100  lb. 
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Fig.  2. — Mold  for  Arbitration  Tbst  Bar. 


The  puddled  balls  of  iron  and  slag  are  hammered  or  are  run  through  rolls  to  squeeze  the  slag 
from  the  balls,  and  the  resulting  bars  are  called  muck  bars.  The  muck  bar  is  again  reheated  and 
reroUed  and  the  resulting  product  is  commercial  merchant  bar. 

Wrought  iron  when  broken  in  tension  shows  a  fractured  section  irregular  and  fibrous.  The 
strength  of  wrought  iron  varies  with  the  chemical  composition,  the  mechanical  work  and  heat 
treatment  it  has  received.  The  strength  of  wrought  iron  is  given  in  Table  I,  and  the  specifications 
for  wrought-iron  bars  and  plates  as  adopted  by  the  American  Society  for  Testing  Materials  are 
as  follows: 


STANDARD  SPECIFICATIONS  FOR  REFINED  WROUGHT-IRON  BARS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

I.    MANUFACTURE. 

T.  Process.  Refined  wrought-iron  bars  shall  be  made  wholly  from  puddled  iron,  and  may 
consist  either  of  new  muck-bar  iron  or  a  mixture  of  muck-bar  iron  and  scrap,  but  shall  be  free 
from  any  admixture  of  steel. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

2.  Tension  Tests,  (a)  The  iron  shall  conform  to  the  following  minimum  requirements  ais 
to  tensile  properties: 

Tensile  strength,  lb.  per  sq.  in 48,000 

(See  Sections  3  and  4.) 

Yield  point,^  lb.  per  sq.  in 25,000 

Elongation  in  8  in.,  per  cent 22 

(See  Section  5.) 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 
The  speed  of  the  cross-head  of  the  machine  shall  not  exceed  ij  in.  per  minute. 

3.  Pennissable  Variations  in  Tensile  Strength.  Twenty  per  cent  of  the  test  specimens  re- 
presenting one  size  may  show  tensile  strengths  1000  lb.  per  sq.  in.  under  or  5000  lb.  per  sq.  in.  over 
that  specified  in  Section  2;  but  no  specimen  shall  show  a  tensile  strength  under  45,000  lb.  per  sq.  in. 

4.  Modifications  in  Tensile  Strength.  For  flat  bars  which  have  to  be  reduced  in  width,  a 
deduction  of  1000  lb.  per  sq.  in.  from  the  tensile  strei^h  specified  in  Sections  2  and  3  shall  be 
made. 

5.  Pennissible  Variations  in  Elongation.  Twenty  per  cent  of  the  test  specimens  representing 
one  size  may  show  the  following  percentages  of  elongation  in  8  in.: 

Round  Bars. 

J  in.  or  over,  tested  as  rolled 20  per  cent 

Under!  in..       *     16       " 

Reduc^  by  machining 18      " 

Flat  Bars. 

I  in.  or  over,  tested  as  rolled 18  per  cent 

Under  |  in.,       "       "       "     16      " 

Reduced  by  machining 16      " 

6.  Bend  Tests,  (a)  Cold-bend  Tests, — Cold-bend  tests  will  be  made  only  on  bars  having  a 
nominal  area  of  4  sq.  in.  or  under,  in  which  case  the  test  specimen  shall  bend  cold  through  180  (kg. 
without  fracture  on  the  outside  of  the  bent  portion,  around  a  pin  the  diameter  of  which  is  equal 
to  twice  the  diameter  or  thickness  of  the  specimen. 

(6)  Hot-bend  Tests. — The  test  specimen,  when  heated  to  a  temperature  between  1700**  and 
1800**  F.,  shall  bend  through  180  deg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows: 
For  round  bars  under  2  sq.  in.  in  section,  flat  on  itself;  for  round  bars  2  s^.  in.  or  over  in  section 
and  for  all  flat  bars,  around  a  pin  the  diameter  of  which  is  equal  to  the  diameter  or  thickness  of 
the  specimen. 

(c)  Nick-bend  Tests, — ^The  test  specimen,  when  nicked  25  per  cent  around  for  round  bars, 
and  along  one  side  for  flat  bars,  with  a  tool  having  a  60-deg.  cutting  edge,  to  a  depth  of  not  less 
than  8  nor  more  than  16  per  cent  of  the  diameter  or  thickness  of  the  specimen,  ana  broken,  shall 
not  show  more  than  10  per  cent  of  the  fractured  surface  to  be  crystalline. 


(d)  Bend  tests  may  be  made  by  pressure  or  by  blows. 
7.  Etch  Tests.*    The  cross-section  of  the  test  specin 


cimen  shall  be  ground  or  polished,  and  etched 
for  a  sufficient  period  to  develop  the  structure.  Tnis  test  shall  show  the  material  to  be  free  from 
steel. 

*A  solution  of  two  parts  water,  one  part  concentrated  hydrochloric  acid,  and  one  part  con- 
centrated sulphuric  acid  is  recommended  for  the  etch  test. 
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8.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  of  the  full  section  of 
material  as  rolled,  if  possible.  Otherwise,  the  specimens  shall  be  machined  from  the  material 
as  rolled;  the  axis  of  the  specimen  shall  be  located  at  any  point  one-half  the  distance  from  the 
center  to  the  surface  of  round  bars,  or  from  the  center  to  the  edge  of  flat  bars,  and  shall  be  parallel 
to  the  axis  of  the  bar. 

(fi)  Etch  test  specimens  shall  be  of  the  full  section  of  material  as  rolled. 

9.  Number  of  Tests,  (a)  All  bars  of  one  size  shall  be  piled  separately.  One  bar  from  each 
100  or  fraction  thereof  will  be  selected  at  random  and  tested  as  specified. 

(fi)  If  any  test  specimen  from  the  bar  originally  selected  to  represent  a  lot  of  material,  contains 
surface  defects  not  visible  before  testing  but  visible  after  testing,  or  if  a  tension  test  specimen 
brealcs  outside  the  middle  third  of  the  gage  length,  one  retest  from  a  different  bar  will  be  allowed. 

III.    PERMISSIBLE  VARIATIONS  IN  GAGE. 

10.  Permissible  Variatioiis.  (a)  Round  bars  shall  conform  to  the  standard  limit  gages  adopted 
by  the  Master  Car  Builders*  Association  in  1883. 

(b)  The  width  or  thickness  of  flat  bars  shall  not  vary  more  than  2  per  cent  from  that  specified. 

IV.    FINISH. 

11.  Finish.  The  bars  shall  be  smoothly  rolled  and  free  from  slivers,  depresnons,  seams, 
crop  ends,  and  evidences  of  being  burnt. 

V.    INSPECTION  AND  REJECTION. 

12.  Inspection,  (a)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all 
times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manu- 
facturer's worlra  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer 
shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is 
being  furnished  in  accordance  with  these  specifications.  Tests  and  inspection  at  the  plac^  of 
manufacture  shall  be  made  prior  to  shipment. 

(b)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  material  in 
his  own  laboratory  or  elsewhere.    Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

13.  Rejection.  All  bars  of  one  size  will  be  rejected  if  the  test  specimens  representing  that 
size  do  not  conform  to  the  requirements  specified. 


STANDARD  SPECIFICATIONS  FOR  WROUGHT-IRON  PLATES 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

z.  Gftsses.    These  specifications  cover  two  classes  of  wrought-iron  plates,  namely: 
Class  A,  as  defined  in  Section  2  (6); 
Class  B,  as  defined  in  Section  2  (c). 


I.    MANUFACTURE. 

2.  Process,     (o)  All  plates  shall  be  rolled  from  piles  entirely  free  froita  any  admixture  of  steel. 

(b)  Piles  for  Class  A  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  and 
such  scrap  as  emanates  from  rolling  the  plates. 

(c)  Piles  for  Class^  B  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  or 
from  a  mixture  of  pig  iron  and  cast-iron  scrap,  together  with  wrought-iron  scrap. 


tensile 


11.    PHYSICAL  PROPERTIES  AND  TESTS. 

.  Tension  Tests.    The  plates  shall  conform  to  the  following  minimum  requirements  as  to 
properties: 
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Properties  Conildered. 

Class  B.                  { 

6  In.  to  24  In., 

Ind.. 

in  Width. 

Over  34  In. 

to  90  In..  Ind.. 

in  Width. 

6  In.  to  34  In.. 

Ind., 

in  Width. 

Over  34  In. 

to  90  In.,  Ind., 

in  Width. 

Teiuile  strength,  lb.  oer  sa.  in 

49,000 

26,000 

16 

48,000 

26,000 

12 

48,000 

26,000 

14 

47,000 

26,000 

10 

Elastic  limit,  lb.  oer  sa.  in 

Flnnf^Ation  in  8  in.,  oer  cent 

4.  Modtficatioiu  in  Elongatioii.  For  plates  under  ^  in.  in  thickness,  a  deduction  of  i  from 
the  percentages  of  elongation  specified  in  Section  3  shall  be  made  for  each  decrease  of  A  in.  in 
thickness  below  ^  in. 

5.  Bend  Tests,  (a)  Cold-bend  Tests.— The  test  specimen  shall  bend  cold  through  90  deg. 
without  fracture  on  the  outside  of  the  bent  portion,  as  follows:  For  Class  A  plates,  around  a  pin 
the  diameter  of  which  is  equal  to  i}  times  the  thickness  of  the  specimen;  and  for  Class  B  plates, 
around  a  pin  the  diameter  of  which  is  equal  to  3  times  the  thickness  of  the  specimen. 

(6)   Nick-bend  Tests. — ^The  test  specimen,  when  ntcked  on  one  side  and  broken,  shall  show , 
for  Class  A  plates  a  wholly  fibrous  fracture,  and  for  Class  B  plates,  not  more  than  10  per  cent  of 
the  fractured  surface  to  be  crystalline. 

6.  Test  Specimens.  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished  plates 
and  shall  be  of  the  full  thickness  of  plates  as  rolled.  The  longitudinal  axis  of  the  specimen  shall 
be  parallel  to  the  direction  in  which  the  plates  are  rolled. 

7.  Number  of  Tests,  (a)  One  tension,  one  cold-bend  and  one  nick-bend  test  shall  be  made 
for  each  variation  in  thickness  of  |  in.  and  not  less  than  one  test  for  eveiy  ten  plates  as  rolled. 

(b)  If  any  test  specimen  fails  to  conform  to  the  requirements  specified  through  an  apparent 
local  defect,  a  retest  shall  be  taken;  and  should  the  retest  fail,  the  plates  represented  by  such  test 
shall  be  rejected. 

III.    FINISH. 

8.  Finish.  ^  The  plates  shall  be  straight,  smooth  and  free  from  cinder  spots  and  holes,  and 
free  from  injurious  flaws,  buckles,  blisters,  seams  and  laminations. 

IV.    INSPECTION  AND  REJECTION. 

9.  Inspection,  (a)  The  inspector  representing^  the  purchaser  shall  have  free  entry  at  all 
times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manu- 
facturer's works  which  concern  the  manufacture  of  the  plates  ordered.  The  manufacturer  shall 
afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  plates  are  being 
furnished  in  accordance  with  these  specifications.  Tests  and  inspection  at  the  place  of  manu- 
facture shall  be  made  prior  to  shipment. 

(6)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  plates  at  his 
own  laboratory  or  elsewhere.    Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

STEEL. — The  three  principal  methods  for  the  manufacture  of  steel  are  (i)  the  crucible 
process,  (2)  the  Bessemer  process,  and  (3)  the  open-hearth  process.  The  crucible  process  is  used 
for  making  tool  steel.  The  Bessemer  process  is  used  for  making  structural  steel,  but  on  account 
of  its  requiring  a  high  grade  ore  for  a  satisfactory  steel,  and  the  difficulty  of  control,  it  is  now 
practically  replaced  by  the  open-hearth  process.  The  following  description  of  the  methods  of 
manufacture  of  steel  is  taken  from  Kent's  "  Mechanical  Engineer's  Pocket-Book,"  page  451,  8th 
Edition,  1910. 

The  Manofiictare  of  SteeL — Cast  steel  is  a  malleable  alloy  of  iron,  cast  from  a  fluid  mass. 
It  is  di?tfinguished  from  cast  iron,  which  is  not  malleable,  by  being  much  lower  in  carbon,  and  from 
wrought  iron,  which  is  welded  from  a  pasty  mass,  by  being  free  from  intermingled  slag.  Blister 
steel  is  a  highly  carbonized  wrought  iron,  made  by  the  "  cementation  "  process,  which  consists 
in  keeping  wrought-iron  bars  at  a  red  heat  for  some  days  in  contact  with  charcoal.  Not  over  2 
per  cent  of  C  is  usually  absorbed.  Tlie  surface  of  the  iron  is  covered  with  small  blisters,  supposedly 
due  to  the  action  of  carbon  on  slag.  Other  wrought  steels  were  formerly  made  by  direct  processes 
from  iron  ore,  and  by  the  puddling  process  from  wrought  iron,  but  these  steels  are  now  replaced 
by  cast  steels.  Blister  steel  is,  however,  still  used  as  a  raw  material  in  the  manufacture  of  crucible 
steel.    Case-hardening  is  a  process  of  surface  cementation. 
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Crucible  Steel  is  commonly  made  in  pots  or  crucibles  holding  about  80  pounds  of  metal. 
The  raw  material  may  be  steel  scrap;  blister  steel  bars;  wrought  iron  with  charcoal;  cast  iron  with 
wrought  iron  or  with  iron  ore;  or  any  mixture  that  will  produce  a  metal  having  the  desired  chemical 
constitution.  Manganese  in  some  form  is  usually  added  to  prevent  oxidation  of  the  iron.  Some 
silicon  is  usually  absorbed  from  the  crucible,  and  carbon  also  if  the  crucible  is  made  of  graphite 
and  clay.  The  crucible  being  covered,  the  steel  is  not  affected  by  the  oxygen  or  sulphur  in  the 
flame.  The  quality  of  crucible  steel  depends  on  the  freedom  from  objectionable  elements,  such  as 
phosphorus,  in  the  mixture,  on  the  complete  removal  of  oxide,  slag  and  blowholes  by  "  dead- 
meltmg  "  or  "  killing  "  before  pouring,  and  on  the  kind  and  quantity  of  different  elements  which 
are  added  in  the  mixture,  or  after  melting,  to  give  particular  qualities  to  the  steel,  such  as  carbon, 
manganese,  chromium,  tungsten  and  vanadium. 

Bessemer  Steel  is  made  by  blowing  air  through  a  bath  of  melted  pig  iron.  The  oxygen  of 
the  air  first  burns  away  the  silicon,  then  the  carbon,  and  before  the  carbon  is  entirely  burned  away, 
begins  to  burn  the  iron.  Spiegeleisen  or  ferro-manganese  is  then  added  to  deoxidize  the  metal 
and  to  give  it  the  amount  of  carbon  desired  in  the  finished  steel.  In  the  ordinary  or  "  acid  " 
Bessemer  process  the  lining  of  the  converter  is  a  silicious  material,  which  has  no  effect  on  phos- 
phorus, and  all  the  phosphorus  in  the  pig  iron  remains  in  the  steel.  In  the  "  basic  "  or  Thomas 
and  Gilchrist  process  the  lining  is  of  magnesian  limestone,  and  limestone  additions  are  made  to  the 
bath,  so  as  to  keep  the  slag  basic;  and  th9 phosphorus  enters  the  slag.  By  this  process  ores  that 
were  formerly  unsuited  to  the  manufacture  of  steel  have  been  made  available. 

Open-hearth  Steel. — ^Any  mixture  that  may  be  used  for  making  steel  in  a  crucible  may  also 
be  melted  on  the  open  hearth  of  a  Siemens  regenerative  furnace,  and  may  be  desiliconized  and 
decarbonized  by  the  action  of  the  flame  and  by  additions  of  iron  ore,  deoxidized  by  the  addition 
of  spiegeleisen  or  ferro-manganese,  and  recarbonized  by  the  same  additions  or  by  pig  iron.  In  the 
most  common  form  of  the  process  pig  iron  and  scrap  steel  are  melted  together  on  the  hearth,  and 
after  the  manganese  has  been  added  to  the  bath  it  is  tapped  into  the  ladle.  In  the  Talbot  process 
a  large  bath  of  melted  material  is  kept  in  the  furnace,  melted  pig  iron,  taken  from  a  blast  furnace, 
is  added  to  it,  and  iron  ore  is  added  which  contributes  its  iron  to  the  melted  metal  while  its  oxygen 
decarbonizes  the  pig  iron.  When  the  decarbonization  has  proceeded  far  enough,  ferro-manganese 
is  added  to  destroy  iron  oxide,  and  a  portion  of  the  metal  is  tapped  out,  leaving  the  remainder  to 
receive  another  charge  of  pig  iron,  and  thus  the  process  is  continued  indefinitely.  In  the  Duplex 
process  melted  cast  iron  is  desificonized  in  a  Bessemer  converter,  and  then  run  into  an  open 
hearth,  where  the  steel-making  operation  is  finished. 

The  open-hearth  process,  like  the  Bessemer,  may  be  either  acid  or  basic,  according  to  the 
character  of  the  lining.  The  basic  process  is  a  dephosphorizing  one,  and  is  the  one  most  generally 
available,  as  it  can  use  pig  irons  that  are  either  low  or  high  in  phosphorus. 

Strength  of  SteeL — ^The  properties  most  desired  in  steel  are  strength  and  ductility.  Pure 
iron  has  a  tensile  strength  of  about  40,000  lb.  per  sq.  in.  and  is  very  ductile.  This  strength  is 
usually  increased  by  the  impurities  found  in  steel. 

Carbon  is  the  important  impurity  as  it  gives  strength  with  the  least  decrease  in  ductility. 
Campbell  states  that  each  o.oi  per  cent  of  carbon  will  increase  the  strength  of  acid  open-hearth 
steel  by  1000  lb.  per  sq.  in.,  and  of  basic  open-hearth  steel  by  770  lb.  per  sq.  in.  The  maximum 
tensile  strength  of  steel  is  reached  with  0.9  to  i.o  per  cent  of  carbon. 

Silicon  has  little  effect  on  the  strength  of  rolled  steel,  but  in  castings  0.3  to  04  per  cent  of 
silicon  increases  the  tensile  strength  of  steel  castings  and  produces  soundness. 

Stdphur  has  little  effect  on  the  strength  of  open-hearth  steel,  but  it  produces  **  red-shortness,*' 
and  produces  checks  and  cracks  during  the  rolling  or  during  the  cooling  of  castings. 

Phosphorus  increases  the  static  strength  of  steel  about  1000  lb.  for  each  0.01  per  cent  of 
phosphorus.  The  increase  in  strength  is  obtained  at  a  great  loss  in  ductility  and  produces  a  steel 
that  is  brittle  and  unreliable. 

Manganese  when  above  0.3  to  0.4  per  cent  increases  the  tensile  strength  of  steel.  The 
increase  in  strength  above  0.4  per  cent  is  about  300  lb.  per  sq.  in.  for  acid  open-hearth  and  130  lb. 
per  sq.  in.  for  basic  open-hearth  steel  for  each  additional  o.oi  per  cent  of  manganese. 

From  the  above  discussion  it  will  be  seen  that  if  certain  physical  characteristics  are  required 
in  a  steel  the  manufacturer  must  be  left  free  to  vary  part  of  the  impurities.  For  example  if  a 
high  grade  structural  steel  with  an  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  is  desired,  the 
phosphorus  and  sulphur  may  be  limited  in  addition  to  the  prescribed  physical  limits  if  the  carbon 
is  left  open. 
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Fonmilas  for  Tensile  Streoeft. — Campixll  gives  the  following  formulas  for  the  strength  of 
acid  and  baac  open-hearth  steels: 

For  add  steel,  Ultiniate  strength  =  40,000  +  1000  C  +  looo  P  +  X.Mn  +  R. 

For  basic  steel.  Ultimate  strength  =  4i>5a>  +77oC+  1000  P  +  X.Mn  +  R. 

In  these  formulas,  C  =  aoi  per  cent  carbon,  P  =  0.01  phosphorus,  Mn  «  0.01  per  cent 
manganese  above  o^  per  cent  for  add  and  above  0.3  per  cent  for  basic  steel,  and  R  is  a  variable 
depending  upon  the  heat  treatment  of  the  steeL  The  coefficient  of  Mn^  X,  varies  as  follows: 
For  add  sted,  for  o.io  per  cent  carbon,  X  =  80,  and  for  0.60  per  cent  carbon,  X  «  480  and  pro- 
portional for  intermediate  values;  while  for  base  steel,  for  0.05  per  cent  carbon,  X  ■»  1 10,  and  for 
0.40  per  cent  carbon,  X  =  250  and  proportional  for  intermediate  values. 

Special  Steds. — ^The  following  special  steels  have  been  used.  Nickd  is  used  as  an  alloy  for 
structural  and  other  kinds  of  steel,  the  specifications  for  structural  nickel  steel  of  the  American 
Sodcty  for  Testing  Materials  require  that  there  be  not  less  than  3!  per  cent  of  nickel.  Chrome 
sled — carbon  steel  with  about  0.5  per  cent  chromium— was  used  in  the  Eads  bridge  in  1871.  Chro- 
mium is  now  used  in  comtnnation  with  nickel,  making  Chromium-nickd  steel;  with  vanadium, 
making  Ckromiumr-vanadium  steel,  and  with  both  nickel  and  vanadium,  making  Ckromiuni' 
nickd-vanodium  sted.  Copper  steek  are  those  having  from  t  to  4  per  cent  of  copper,  carbon  being 
less  than  i  per  cent.  Manganese  steel  with  from  6  to  12  per  cent  manganese  is  very  tough  and 
malleable. 

Spedfications  for  Stmcturd  SteeL — ^The  allowable  stresses  for  structural  steel  are  given  in 
Table  I  and  in  the  specifications  of  the  American  Society  for  Testing  Materials  which  follow. 

Allowable  Stresses  in  Steel  and  Iron. — ^The  allowable  stresses  .or  steel  frame  mill  buildings  are 
jgiven  in  the  "Spedfications  for  Steel  Frame  Buildings,"  in  Chapter  I.  The  allowable  stresses 
for  steel  office  buildings  are  given  in  the  "Specifications  for  Steel  Office  Buildings,"  in  Chapter  II. 
The  allowable  stresses  for  steel  highway  bridges  are  given  in  the  "Specifications  for  Steel  Highway 
Bridges,"  in  Chapter  III.  The  allowable  stresses  for  steel  railway  bridges  are  given  in  the  "Speci- 
fications for  Steel  Railway  Bridges,"  in  Chapter  IV.  The  allowable  stresses  in  steel  bins  are 
given  in  Chapter  VIII,  p.  313.  The  allowable  stresses  for  steel  grain  bins  are  given  in  Chapter 
IX,  p.  326.  The  allowable  stresses  in  steel  head  frames  and  coal  tipples  are  given  in  the  "Speci- 
fications for  Steel  Head  Frames  and  Coal  Tipples,  Washers  and  Breakers,"  in  Chapter  X.  The 
allowable  stresses  in  steel  stand-pipes  and  elevated  tanks  are  given  in  the  "Specifications  for 
Elevated  Steel  Tanks  on  Towers  and  for  Stand-Pipes,"  in  Chapter  XI.  The  allowable  stresses 
for  the  steel  and  cast  iron  details  in  timber  bridges  are  the  same  as  for  steel  railway  bridges  given 
in  Chapter  IV.    The  allowable  stresses  in  steel  reinforcement  are  given  on  page  521. 

Nickd  Sted,— In  a  paper  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell,  in 
Trans.  Am.  Soc.  C.  E.,  Vol.  63,  June  1909,  the  allowable  unit  stress  in  lb.  per  sq.  in.  for  carbon 
steel  is  given  as  P  =  18,000  —  70  //r,  and  for  nickel  steel  as  P  —  30,000  —  120  //r,  where  /  is  the 
length  and  r  is  the  corresponding  radius  of  gyration,  both  in  inches.  The  impact  coefficient 
adopted  by  Mr.  Waddell  is  given  on  page  161. 


502 


ENGINEERING  MATERIALS. 


Chap.  XV. 


Allowable  Excess  (exprbssbd  as  pbrcbntagb  of  Nomikal  Wbight).         | 

Thlcknea 

Nominal 

For  Width  of  Plate  as  follows: 

Oidend, 
In. 

Weight,  Lb. 
.   Per  Sq.  Ft. 

solo  70 

70  In.  or 

Under  7S 

7S  to  zoo 
In.,  Exd. 

100  to  Z15 

115  In.  or 

In. 

In.,  Exd. 

Over. 

In. 

In..  Exd. 

Over. 

»toA 

c.ioto   6.37 

10 

15 

20 

.. 

.. 

A  "A 

6.37"    7-^S 

8.5 

12.5 

"7 

, . 

, , 

•  * 

, . 

A"  J 

7.65  "  10.20 

r 

10 

"5 

. . 

. . 

i 

10.20 
12.75 

10 

8 

14 
Z2 

18 
16 

1 

15.30 

7 

10 

13 

17 

A 

17.85 

6 

8 

10 

"3 

^ 

20.40 

5 

7 

h 

12 

A 

22.95 

4.5 

6.5 

II 

1 

25.50 

4 

6 

8 

10 

Over! 

3.5 

5 

6.S 

9 

VII.    INSPECTION  AND  REJECTION. 

15.  InspectioiL  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  5  shall  be  reported  within  five  working  clays  from  the  receipt  of  samples. 

{h)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

i^.  Reheanng.  Samples  tested  in  accordance  with  Section  5,  which  represent  rejected 
material,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

I.    MANUFACTURE. 

1.  Process.    The  steel  shall  be  made  by  the  open-hearth  procees. 

2.  Discard.    A  sufiicient  discard  shall  be  made  from  each  ingot  intended  for  eye-bars  to 
secure  freedom  from  injurious  piping  and  undue  segregation. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

3.  Chemicsl  Compositioii.    The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

SntucTusAL  Stbb..  Rivst  Stssl. 

Carbon not  over  045  not  over  0.30  per  cent 

Manganese "      "    0.70  "      "    0.60 

pt,^^,,^„/Add "      "    COS  "       "    004       " 

Phosphorus!  Basic "      "o.4  "     "0.03       " 

Sulphur "      "    0.04  "     "    0.04 

Nickel not  under  3.25  not  under  3.25       " 

^  4«  Lsdle  Analyses.  An  analysis  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken 
during  the  pouring  of  each  melt.  A  copy  of  this  analysis  shall  be  given  to  the  purchaser  or  his 
representative.    Tliis  analysis  shall  conform  to  t)ie  requirements  sfwcified  in  Section  3. 
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5.  Check  Analyses.    A  check  analysis  may  be  made  by  the  purchaser  from  finished  material 
representing  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  3. 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

6.  Tensioii  Tests,     (a)  The  steel  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

Tensile  Ppoperties  from  Specimen  Tests. 


Properties  Considered. 

Riveu. 

Plates.  Shapes 
and  Bars. 

Eye- Bars  andRol- 

Eye- Bars'  and 
Pins.«  Annealed. 

Tensile  strength,  lb.  per  sq.  in.. . 
Yield  point,  min.,  lb.  per  sq.  in. . 

Elongation  in  8  in.,  min.,  per  cent. 

Elongation  in  2  in.,  min.,  per  cent. 
Reduction  of  area  min.,  per  cent.. 

70,000-80,000 

45,000 

1,500,000 

Tens.  Str. 

85,000-100,000 

50,000 

1,500,000* 

Tens.  Str. 

95,000-110,000 

55,000 

1.500,000* 

Tens.  Str. 

16 

25 

90,000-105,000 
52,000 

20 

20 

35 

40 

25 

«  Tests  of  annealed  specimens  of  eye-bars  shall  be  made  for  information  only. 

*  See  Section  7. 

'  Elongation  shall  be  measured  in  2  in. 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

7.  Modifications  in  Elongation.  For  plates,  shapes  and  unannealed  bars  over  i  in.  in  thick- 
ness, a  deduction  of  i  from  the  percentage  of  elongation  specified  in  Section  6  shall  be  made  for 
each  increase  of  |  in.  in  thickness  above  i  in.,  to  a  minimum  of  14  per  cent. 

8.  Character  of  Fracture.  All  broken  tension  test  specimens  shall  show  either  a  silky  or  a 
very  fine  granular  fracture,  of  uniform  color,  and  free  from  coarse  crystals. 

9.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and  bars  shall  bend  cold  through 
180  dee.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows:  For  material  }  in.  or  under 
in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for 
material  over  }  in.  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  specimen. 

(b)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  deg.  around  a  i  in. 
pin,  without  fracture  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

10.  Tests  of  Angles,  (a)  Angles  with  ^i  in.  legs  or  under,  and  }  in.  or  under  in  thickness, 
shall  open  flat  or  bend  shut,  cold,  under  the  blows  of  a  hammer  without  cracking. 

(fi)  Angles  with  legs  over  4  in.,  or  over  }  in.  in  thickness,  shall  open  to  an  angle  of  150  deg., 
or  close  to  an  angle  of  30  deg.,  cold,  under  the  blows  of  a  hammer  without  cracking. 

11.  Drift  Tests.  Punched  rivet  holes  pitched  two  diameters  from  a  planed  edge  shall  stand 
drifting  until  the  diameter  is  enlarged  50  per  cent  without  cracking  the  metal. 

12.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material.     Specimens  for  pins  shall  be  taken  after  annealing. 

(b)  Tension  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph (c),  shall  be  of  the  full  thickness  of  material  as  rolled.  They  may  be  machmed  to  the  form 
and  dimensions  shown  in  Fig.  i,  or  with  both  edges  parallel;  except  that  bend  test  specimens  shall 
not  be  less  than  2  in.  in  width,  and  that  bend  test  specimens  for  eye-bar  flats  may  have  three 
rolled  sides. 
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Fig.  I. 


(c)  Tension  and  bend  test  specimens  for  plates  and  bars  (except  eye-bar  flats)  over  1}  in.  in 
thickness  or  diameter  may  be  machined  to  a  thickness  or  diameter  of  at  least  f  in.  for  a  length  of 
at  least  9  in. 
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TABLE  I. 
Strength  Properties  of  Structural  Steel  and  Iron — ^American  Society  for  Tbstino 

Materials,  Year  Book,  19 13, 


Metal. 


TenaOe  Strength.  Lb.  Sq.  In. 


Ultimate. 


Elastic  Limit. 


Minimum  Elongation, 
Per  Cent. 


In  8  In.        In  a  In. 


Reduction 
of  Area. 
Percent- 


BRIDGES 
Structural  Steel. 


Rivet  Steel 

BUILDINGS 
Structural  Steel. 


Rivet  Steel 

SHIPS 
Structural  Steel. 


Rivet  Steel 

BOILER  AND  RIVET  STEEL 
Flange  Steel 


Firebox  Steel 

Boiler  Rivet  Steel. 


STRUCTURAL  NICKEL  STEEL 
Plates,  Shapes  and  Bars 


55,000-65,000 
48,000-58,000 
55,000-65,000 
48,000-58,000 
58,000-68,000 
55,000-65,000 
55,000-65,000 
52,000-62,000 
45,«»-55.ooo 

85)000-100,000 


Eye-bars  and  rollers  (unannealed)    95,000-110,000 
Eye-bars  and  Pins  (annealed). . . .     90,000-105,000 

Rivet  Steel 70,000-80,000 

BILLET-STEEL  REINFORCEMENT  BARS 

{Structural 55,000-70,000 
Hani 


{Structural. 
Hard 

Cold  Twisted 


80,000  min. 

55,000-70,000 

80,000  min. 
recorded  only 


RAIL-STEEL  REINFORCEMENT  BARS 


Plain. 


Deformed  and  Hot-twisted. 
WROUGHT  IRON 

Refined  Bars 

Plates 

STEEL  CASTINGS 

Hani 

Medium 

Soft 

GRAY  IRON  CASTINGS 

Light  Castings 

Medium  Castings 

Heavy  Castings 

MALLEABLE  CASTINGS. 


80,000 

80,000 

48,000 
47,000-49,000 

80,000 
70,000 
60,000 

18,000 
21,000 
24,000 
40,000 


}  ultimate 
I  ultimate 
}  ultimate 
}  ultimate 
}  ultimate 
}  ultimate 
}  ultimate 
}  ultimate 
}  ultimate 

50,000 

55,000 
52,000 
45,000 

33,000 

50,000 

33,000 

50,000 
55,000 
50,000 
50,000 

25,000 
26,000 

36,000 
31,500 
27,000 


r  1,500,000 


I  ultimate 
( 1,5000,00 
I  ultimate 
/  1^400,000 


I  ultimate 
/  1,400,000 


22 


22 


I  ultimate 
f  1,500,000 
I  ultimate 
( 1,500,000 
\  ultimate 
r  1,500,000 
\  ultimate 
r  1,500,000 
\  ultimate 
( 1,500,000 
\  ultimate 
(not  greater  than  30) 
f  1,500,000 
\  ultimate 
/LSOOjOOO       j5 
\  ultimate 

20  20 

r  1,500,000 
\  ultimate 
r  1,400,000 
\  ultimate 
(  1,200,000 
\  ultimate 
f  1,250,000 
\  ultimate 
j  1,000,000 
\  ultimate 
5^ 

r  1,200,000 

\  ultimate 
f  1,000,000 
\  ultimate 

22 
10  to  16 


18 
22 


a5 

25 
35 
40 


20 
25 
30 
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STANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BUILDINGS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

I.    MANUFACTURE. 

I.  Process,  (a)  Structural  steel,  except  as  noted  in  Paragraph  (5),  may  be  made  by  the 
Bessemer  or  the  open-hearth  process. 

(b)  Rivet  steel,  and  steel  for  plates  or  angles  over  f  in.  in  thickness  which  are  to  be  punched, 
shall  be  made  by  the  open-hearth  process. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 


2,  Chemical  Compositi<m. 

chemical  composition: 


The  steel  shall  conform  to  the  following  requirements  as  to 
Structural  Stbbl.  Rxvst  Steel, 


Sulphur 


not  over  o.io  per  cent 
"     "     0.06 


not  over  0.06  per  cent 
"     "     0.045     " 

3.  Ladle  Analyses.  An  analysis  to  determine  the  percent£^:es  of  carbon,  manganese,  phos- 
phorus and  sulphur  shaU  be  made  by  the  manufacturer  from  a  test  ingot  taken  duringthe  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  2. 

4.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  material  re- 
presenting each  melt,  in  which  case  an  excess  of  25  per  cent  above  the  requirements  specified  in 
Section  2  shall  be  allowed. 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

5.  Tension  Tests,  (a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 


Properties  Considered. 

Stnictufid  Steel. 

Rivet  Sted. 

Tensile  strength,  lb.  per  sq.  in. . . « 

55,000-65,000 

0.5  tens.  str. 

1,400,006^ 

Tens.  str. 
22 

48,000-58,000 

0.5  tens.  str. 

1,400,000 

Tens.  str. 

Yield  point,  min.,        "      "     

Elongation  in  8  in.,  min.,  per  cent .  ^  * .  * 

Elongation  in  2  in.         "      **       

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Modifications  in  Elongation,  (a)  For  structural  steel  over  }  in.  in  thickness,  a  deduction 
of  I  from  the  percentage  of  elongation  in  8  in.  specified  in  Section  5(0}  shall  be  made  for  each 
increase  of  }  in.  in  thickness  above  }  in. 

(6)  For  structural  steel  under  A  in.  in  thickness,  a  deduction  of  2.5  from  the  percentage  of 
elongation  in  8  in.  specified  in  Section  5(a)  shall  be  made  for  each  decrease  of  ^  in.  in  thickness 
below  A  in. 

7.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and  bars  shall  bend  cold  through 
180  deg.  without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  material  }  in.  or  under 
in  thickness,  flat  on  itself;  for  material  over  }  in.  to  and  including  i  J  in.  in  thickness,  around  a  pin 
the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  1}  in.  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  specimen. 

(b)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  deg.  around  a  l-m. 
pin  without  cracking  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

>  Sec  Section  6. 
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8.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material,  and  shall  not  be  annealed  or  otherwise  treated,  except  as  specified  in 
Paragraph  (b), 

(6)  Tension  and  bend  test  specimens  for  material  which  is  to  be  annealed  or  otherwise  treated 
before  use,  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
of  the  piece. 

{c)  Tension  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph (i),  shall  be  of  the  full  thickness  of  material  as  rolled;  and  may  be  machined  to  the  form  and 
dimensions  shown  in  Fig.  i,  or  with  both  edges  parallel. 


—About  18" ^ — 

Fig.  I. 


Fig.  2. 

(d)  Tension  and  bend  test  specimens  for  plates  and  bars  over  i}  in.  in  thickness  or  diameter 
may  be  machined  to  a  thickness  or  diameter  of  at  least  i  in.  for  a  length  of  at  least  9  in. 

(e)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  i  in.  from  the 
surface  and  parallel  to  the  axis  of  the  bar.  Tension  test  specimens  shall  be  of  the  form  and  di- 
mensions shown  in  Fig.  2.     Bend  test  specimens  shall  be  i  by  J  in.  in  section. 

(/)  Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 
rolled. 

9.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
except  that  if  material  from  one  melt  differs  f  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

{b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test  specimen 
breaks  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 


IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 

10.  Permissible  Variations.  The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vary 
more  than  2.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 

(a)  When  Ordered  to  Weight, — For  plates  I2i  lb.  per  sq.  ft.  or  over: 
Under  100  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
100  in.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 

For  plates  under  I2i  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 

75  to  100  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  weight ; 

100  in.  in  width  or  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 

(b)  When  Ordered  to  Gage, — ^The  thickness  of  each  plate  shall  not  vary  more  than  0.0 1  in. 
under  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
steel  being  assumed  to  weigh  0.2833  lb.: 
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(b)  Three  bend  and  three  flattening  tests  shall  be  made  from  each  size  in  each  lot  of  rivets 
offered  for  inspection,  each  of  which  shall  conform  to  the  requirements  specified. 

II.    WORKMANSHIP  AND  FINISH. 

20.  WacknuDMlii^  Rivets  shall  be  true  to  form,  concentric,  and  shall  be  made  in  a  work- 
manlike manner. 

21.  Finish.     The  finished  rivets  shall  be  free  from  injurious  defects. 

III.    INSPECTION  AND  REJECTION. 

22.  lospectioa.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
worlB  which  concern  the  manufacture  of  the  rivets  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  rivets  arc  being  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

23.  RejectiiBi.  Rivets  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manu&cturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 
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OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adoptsd  August  25,  1913. 


(a)  These  specifications  cover  three  classes  of  billet-steel  concrete  reinforcement 
bars,  namely:  plain,  deformed,  and  cold-twisted. 

(b)  Plam  and  deformed  bars  are  of  two  grades,  namely:  structural  steel  and  hard. 

2.  Basis  of  Parcfasse.     (a)  The  hard  grade  will  be  used  only  when  specified. 

(6)  If  deared,  cold-twisted  bare  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars 
before  twisting,  in  which  case  such  tests  shall  govern  and  shall  conform  to  the  requirements  spe#- 
fied  for  plain  bars  of  structural  steel  grade. 

I.    MANUFACTURE. 

3.  Process,     (a)  The  steel  may  be  made  by  the  Bessemer  or  the  open -hearth  process. 
(6)  The  bars  shall  be  rolled  from  new  billets.     No  rerollod  material  will  be  accepted. 

4.  Cold-tifisted  Bsxs.  Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  a 
length  not  over  12  times  the  thickness  of  the  bar. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

5.  Chemicsl  CompositiogD.  The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

uu^^^^u^^^^I  Bessemer not  over  o.io  per  cent 

"*^^^™  lOpen-hearth "      "    0.05      " 

6.  Lsifle  Analyses.  An  analysis  to  determine  the  petrcntagc  of  carbon,  manganese,  phos- 
phorus and  sulphur,  ^lall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  5. 

7.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  bars  representing 
each  melt  of  open-hearth  steel,  and  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel,  in  which  case  an 
excess  of  25  per  cent  above  the  requirements  specified  in  Section  5  shall  be  allowed. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

8.  Tension  Tests,  (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

*  For  the  American  Railway  Engineering  Association  specifications  for  steel  reinforcement, 
see  Chapter  VI,  p.  272. 
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Tensile  Properties. 


Propertiea  Ccmaldered. 

Plain  Ban. 

Dcfomed  BaxB. 

Cold-twlated 
Bars. 

Structural  Sted 
Gxade. 

Han}  Grade. 

Structural  Sted 
Grade. 

Haxd  Grade. 

Tensile    strength,    lb. 
Dcr  so.  in. . .' 

55,000-70,000 

33,000 

1,400,006" 
Tens.  str. 

80,000  min. 

50,000 
I,200,006> 

Tens.  str. 

55,000-70,000 

33,000 

1,250,006^ 
Tens.  str. 

80,000  min. 

50,000 

1,000,006^ 
Tens.  str. 

Recorded 
only. 

55,000 
5 

Yield  point,  min.,  lb. 
Dcr  so.  in 

Elongation  in   8    in., 
min.,  per  cent 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9.  Modificatioiis  in  Elongation,  (a)  For  plain  and  deformed  bars  over  }  in.  in  thickness 
or  diameter,  a  deduction  of  i  from  the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be 
made  for  each  increase  of  }  in.  in  thickness  or  diameter  above  }  in. 

(6)  For  plain  and  deformed  bars  under  ^  in.  in  thickness  or  diameter,  a  deduction  of  I  from 
the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be  made  for  each  decrease  of  ^  in.  in 
thickness  or  diameter  below  A  in. 

10.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  as  follows: 

Bend  Test  Requirements. 


ThlcknesB  or  Diameter  of  Bar. 


Under  )  in. . . 
}  in.  or  over. 


Plain  Ban. 


Structural 
Sted  Grade. 


180  deg. 

d-t 
180  deg. 

d-t 


Hard  Grade. 


180  deg. 

d  =  3t 
90  deg. 

d  =  3t 


Ddormed  Bars. 


Structural 
Sted  Grade. 


180  deg. 

d  =  t 

90  deg. 

d  =  2t 


Hard  Grade. 


180  deg. 

d.4t 

90  deg. 

d-4t 


Cold-twisted 
Bars. 


180  deg. 

d  =  2t 
180  deg. 

d»«3t 


Explanatory  Note:  d  »  the  diameter  of  pin  about  which  the  specimen  is  bent; 
t  —  the  thickness  or  diameter  of  the  specimen. 

11.  Test  Spedmeos.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars 
shall  be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  material  as 
rolled;  except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in., 
if  deemed  necessary  bv  the  manufacturer  to  obtain  uniform  cross-section. 

(6)^  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment;  except  as  specified  in  Section  2  (6). 

12.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of 
open-hearth  steel,  and  from  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel;  except  that  if  material 
from  one  melt  differs  |  in.  or  more  in  thickness  or  diameter,  one  tension  and  one  bend  test  shall  be 
made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 


IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

13.  PennisslUe  VsiUtieas.    The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per 
cent  from  the  theoretical  weight  of  that  lot. 

^  See  Section  9. 
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V.    FINISH. 

14.  Flniah.  The  finished  bars  shaU  be  free  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

VI.    INSPECTION  AND  REJECTION. 

15.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  7  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer's 
worira  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  7,  which  represent  rejected  bars, 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 


STANDARD  SPECIFICATIONS  FOR  RAIL-STEEL  REINFORCEMENT  BARS 

OF  THB 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

1.  Classes.    These  specifications  cover  three  classes  of  rail-steel  concrete  reinforcement  bars, 
namely:  plain,  deformed,  and  hot-twisted. 

I.    MANUFACTURE. 

2.  Process.    The  bars  shall  be  rolled  from  standard  section  Tee  rails. 

3.  Hot-twisted  Bars.    Hot-twisted  bars  shall  have  one  complete  twist  in  a  lei^h  not  over 
12  times  the  thickness  of  the  bar. 


II.    PHYSICAL  PROPERTIES  AND  TESTS. 

Tension  Tests,    (a)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 
tensile  properties: 


Properties  Comidered. 

Plain  BaxB. 

Defonncd  and  Hot-twisted  Baxs. 

Tensile  strength,  lb.  per  sq.  in 

Yield  point,  lb.  ocr  so.  in 

80,000 

50,000 

1,200.000 

Tens.  str. 

80,000 

50,000 

1,000,000 

Tens.  str. 

Elongation  in  8  in.,  per  cent* 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

?;.  Modifications  in  Elongation,     (a)  For  bars  over  f  in.  in  thickness  or  diameter,  a  deduction 
rom  the  percentages  of  elongation  specified  in  Section  4  (a)  shall  be  made  for  each  increase 
of  i  in.  in  thickness  or  diameter  above  }  m. 

(b)  For  bars  under  A  »»•  »«  thickness  or  diameter,  a  deduction  of  i  from  the  percentages  of 
elongation  specified  in  Section  4  (a)  shall  be  made  for  each  decrease  of  )Ar  in.  in  thickness  or  di- 
ameter below  tV  in. 

6.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  as  follows: 

*  See  Section  5. 
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Tbnsilb  Properties. 


Properticf  Coiuldefed. 

Plain  Ban. 

Deformed  Bars. 

Cold-twisted 
Bars. 

Structural  Steel 
Gnde. 

Har4  Grade. 

Structural  Sted 
Grade. 

Hard  Grade. 

Tensile    strength,    lb. 
Dcr  so.  in. . .' 

55,000-70,000 

33.000 

I,400,oo6» 
Tens.  str. 

80,000  min. 
50,000 

I,200,006> 

Tens.  str. 

55,000-70,000 

33,000 

1,250,006* 
Tens.  str. 

80,000  min. 

50,000 

1,000,006* 
Tens.  str. 

Recorded 
only. 

55,000 
5 

Yield  point,  min.,  lb. 
Dcr  so.  in 

Elongation  in   8    in., 
min.,  per  cent, 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9.  ModificatiQiu  in  £loiu;ati<m.  (a)  For  plain  and  deformed  bars  over  }  in.  in  thickness 
or  diameter,  a  deduction  of  i  from  the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be 
made  for  each  increase  of  }  in.  in  thickness  or  diameter  above  f  in. 

(b)  For  plain  and  deformed  bars  under  ^  in.  in  thickness  or  diameter,  a  deduction  of  I  from 
the  percentages  of  eloi^ation  specified  in  Section  8  (a)  shall  be  made  for  each  decrease  of  ^  in.  in 
thickness  or  diameter  below  ^  in. 

10.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  as  follows: 

Bend  Test  Requirements. 


Thickness  or  Diameter  of  Bar. 


Under  )  in. . . 
1  in.  or  over. 


Plain  Bars. 


Structural 
Steel  Grade. 


180  deg. 

d-t 
180  deg. 

d-t 


Hard  Grade. 


180  deg. 

d«3t 

90  deg. 

d-3t 


Deformed  Bars. 


Structural 
Steel  Grade. 


180  deg. 

d  =  t 

90  deg. 

d-2t 


Hard  Grade. 


180  deg. 

d-4t 
90  deg. 

d-4t 


Cold-twisted 
Bars. 


180  deg. 

d  =  2t 
180  deg. 

d«3t 


Explanatory  Note:  d  »  the  diameter  of  pin  about  which  the  specimen  is  bent; 
t  -•  the  thickness  or  diameter  of  the  specimen. 

11.  Test  Spedmeos.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars 
shall  be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  material  as 
rolled;  except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in., 
if  deemed  necessary  bv  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment;  except  as  specified  in  Section  2  (6). 

12.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of 
open-hearth  steel,  and  from  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel;  except  that  if  material 
from  one  melt  differs  I  in.  or  more  in  thickness  or  diameter,  one  tension  and  one  bend  test  shall  be 
made  from  both  the  thickert  and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outstde  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 


IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

13.  PennissiUe  Varistioos.    The  weight  oi  any  lot  oi  bars  shall  not  vary  more  than  5  per 
cent  from  the  theoretuad  weight  of  that  lot. 

*  See  Section  9. 
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V.    FINISH. 

14.  Finish.  The  finished  bars  shall  be  free  from  mjurious  defects  and  shall  have  a  workman- 
like finish. 

VI.    INSPECTION  AND  REJECTION. 

15.  Inspecdoo.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  7  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer's 
worira  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  7,  which  represent  rejected  bars, 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 


STANDARD  SPECIFICATIONS  FOR  RAIL-STEEL  REINFORCEMENT  BARS 

OF  THB 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

1.  Classes.    These  specifications  cover  three  classes  of  rail-steel  concrete  reinforcement  bars, 
namely:  plain,  deformed,  and  hot-twisted. 

I.    MANUFACTURE. 

2.  Process.    The  bars  shall  be  rolled  from  standard  section  Tee  rails. 

3.  Hot-twisted  Bars.    Hot-twisted  bars  shall  have  one  complete  twist  in  a  length  not  over 
12  times  the  thickness  of  the  bar. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

4.  Tension  Tests,    (a)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 
tensile  properties: 


Pioperties  Comidered. 

Plain  Ban. 

Defonned  and  Hot-twisted  BaxB. 

Tensile  strength,  lb.  per  sq.  in 

Yield  point,  lb.  per  sq.  in 

80,000 

50,000 

1,200.000 

Tens.  str. 

80,000 

50,000 

1,000,000 

Tens.  str. 

Elongation  in  8  in.,  per  cent* 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

5.  Modifications  in  Elongation,  (a)  For  bars  over  }  in.  in  thickness  or  diameter,  a  deduction 
of  I  from  the  percentages  of  elongation  specified  in  Section  4  (a)  shall  be  made  for  each  increase 
of  i  in.  in  thickness  or  diameter  above  i  m. 

(b)  For  bars  under  A  in.  in  thickness  or  diameter,  a  deduction  of  I  from  the  percentages  of 
elongation  specified  in  Section  4  (a)  shall  be  made  for  each  decrease  of  ^  in.  in  thickness  or  di- 
ameter below  A  in. 

6.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  as  follows: 

■See  Section  5. 
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Thickneas  or  Diameter  of  Bar. 

Plain  Bars. 

Deformed  and  Hot-twisted  Bars. 

Under  f  in 

l8o  deg. 

90  deg. 
d  =  3t 

180  deg. 

90  deg. 
d=4t 

f  in.  or  over 

Explanatory  Note:  d= the  diameter  of  pin  about  which  the  specimen  is  bent; 
t=the  thickness  or  diameter  of  the  specimen. 

7.  Test  Spedmens.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall 
be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled; 
except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in.,  if 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment. 

8.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  ten 
tons  or  less  of  each  size  of  bar  rolled  from  rails  varying  not  more  than  10  lb.  per  yd.  in  nominal 
weight. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 

III.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

9.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  cent 
from  the  theoretical  weight  of  that  lot. 

IV.    FINISH. 

10.  Finish.  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

V.    INSPECTION  AND  REJECTION. 

11.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

12.  Rejection.  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  STEEL  CASTINGS 

OF  THB 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 
Adopted  August  25,  1913. 

1.  Classes.    These  specifications  cover  two  classes  of  castings,  namely: 
Chss  A,  ordinary  castinp  for  which  no  physical  requirements  are  specified; 

Class  Bt  castings  for  which  physical  requirements  are  specified.  These  are  of  three  grades: 
hard,  medium,  and  soft. 

2.  Patterns.^  (a)  Patterns  shall  be  made  so  that  sufiident  finish  is  allowed  to  provide  for  all 
variations  in  shrinkage. 

(b)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  lurfaccs. 
It  is  recommended  that  core  prints  shall  be  painted  black  and  finished  surfaces  red. 

3.  Basis  of  Porchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  test  to 
destruction  specified  in  Section  1 1  for  the  tension  and  bend  tests,  and  shall  designate  the  patterns 
from  wliich  castings  for  this  test  shall  be  made. 
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VL    MARKING. 

i6.  MMXidng,  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification.  The 
identification  marks  shall  be  legibty  stamped  on  the  end  of  each  pin  and  roller.  The  melt  number 
shall  be  l^bly  marked,  by  stampmg  if  practicable,  on  each  test  specimen. 

VII.    INSPECTION. 

17.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  anal^^ses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  Qtherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works.  ^ 

18.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  5  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  mjurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected  and  the  manufacturer  shall  be  notified. 

19.  Rehearing.  Samples  tested  in  accordance  with  Section  5,  which  represent  rejected 
material,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 

•  VIII.    FULL  SIZE  TESTS. 

20.  Tests  of  Eye-Bars,  (a)  Full  size  tests  of  annealed  eye-bars  shall  conform  to  the  following 
requirements  as  to  tensile  properties: 

Tensile  strength,  lb.  per.  sq.  in 85,000-100,000 

Yield  point,  min.,  lb.  per  sq.  in 48,000 

Elongation  in  18  ft.,  min.,  per  cent 10 

Reduction  of  area,  min.,  per  cent 30 

(6)  The  yield  point  shall  be  determined  by  the  halt  of  the  gage  of  the  testing  machine. 


STANDARD  SPECIFICATIONS  FOR  BOILER  RIVET  STEEL 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  191 3. 

A.    Requirements  for  Rolled  Bars. 

I.    MANUFACTURE. 

1.  Process.    The  steel  shall  be  made  by  the  open-hearth  process. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

2.  Chemical  Composition.  The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Manganese. 0.30-0.50  per  cent 

Phosphorus not  over  0.04       " 

Sulphur "      "    0.045     " 

3.  Ladle  Analyses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  2. 

4.  Check  Analyses.  A  check  analysis  may  be  made  by  the  purchaser  from  finished  material 
representing  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  2. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

5.  Tension  Tests,  (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 
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Thickneas  or  Diameter  of  Bar. 

Plain  Bars. 

Deformed  and  Hot-twisted  Ban, 

Under  f  in ■. 

1 80  deg. 

90  deg. 
d  =  3t 

180  deg. 

90  deg. 
d-4t 

f  in.  or  over 

Explanatory  Note:  d  =  the  diameter  of  pin  about  which  the  specimen  is  bent; 
t»the  thickness  or  diameter  of  the  specimen. 

7.  Test  Spedmens.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall 
be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled; 
except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in.,  if 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment. 

8.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  ten 
tons  or  less  of  each  size  of  bar  rolled  from  rails  varying  not  more  than  10  lb.  per  yd.  in  nominal 
weight. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 

III.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

9.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  cent 
from  the  theoretical  weight  of  that  lot. 

IV.    FINISH. 

10.  Finish.  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

V.    INSPECTION  AND  REJECTION. 

11.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

12.  Rejection.  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  STEEL  CASTINGS 

OF  THB 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 
Adopted  August  25,  19 13. 

1.  Gasses.    These  specifications  cover  two  classes  oi  castings,  namely: 
Class  A,  ordinary  castinp  for  which  no  i>hysical  requirements  are  specified; 

Class  B,  castings  for  which  physical  requirements  are  specified.  These  are  of  three  grades: 
hard,  medium,  and  soft. 

2.  Patterns,  (a)  Patterns  shall  be  made  so  that  sufiident  finish  is  allowed  to  provide  for  all 
variations  in  shrinkage. 

(b)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  surfaces. 
It  is  recommended  that  core  prints  shall  be  painted  black  and  finished  surfaces  red. 

3.  Basis  of  Purchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  test  to 
destruction  specified  in  Section  1 1  for  the  tension  and  bend  tests,  and  shall  designate  the  patterns 
from  which  castings  for  this  test  shall  be  made. 
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I.    MANUFACTURE. 

4.  Process.  The  steel  may  be  made  by  the  open-hearth,  crucible,  or  any  other  process 
approved  by  the  purchaser. 

5.  Heat  Treatment     (a)  Class  A  castings  need  not  be  annealed  unless  otherwise  specified. 
lb)  Class  B  castings  shall  be  allowed  to  become  cold.    They  shall  then  be  uniformly  reheated 

to  the  proper  temperature  to  refine  the  grain  (a  group  thus  reheated  being  known  as  an  "  annealing 
charge  "),  and  allowed  to  cool  uniformly  and  slowly.  If,  in  the  opinion  of  the  purchaser  or  his 
representative,  a  casting  is  not  properly  annealed,  he  may  at  his  option  require  the  casting  to  be 
re-annealed. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

6.  Chemical  Composition.  The  castings  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Class  A.  Class  B. 

Carbon not  over  0.30  per  cent  

Phosphorus "       "    0.06       "  not  over  0.05  per  cent 

Sulphur ....  "       "    0.05       " 

7.  Ladle  Analyses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requu?ements  specified  in  Section  6.  Drillings  for  analysis  shall  be  taken  not 
less  than  }  in.  beneath  the  surface  of  the  test  ingot. 

8.  Check  Analyses,  (a)  Analyses  of  Class  A  castings  may  be  made  by  the  purchaser,  in 
which  case  an  excess  of  20  per  cent  above  the  requirement  as  to  phosphorus  specified  in  Section  6 
shall  be  allowed.     Drillings  for  analysis  shall  be  taken  not  less  than  t  in.  beneath  the  surface. 

(b)  Analyses  of  Class  B  castings  may  be  made  by  the  purchaser  from  a  broken  tension  or 
bend  test  specimen,  in  which  case  an  excess  of  20  per  cent  above  the  requirements  as  to  phos- 
phorus and  sulphur  specified  in  Section  6  shall  be  allowed.  Drillings  for  analysis  shall  be  taken 
not  less  than  i  in.  beneath  the  surface. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

(For  Class  B  Castings  Only.) 

9.  Tension  Tests,  (a)  The  castings  shall  conform  to  the  following  minimum  requirements 
as  to  tensile  properties: 

Hard. 

Tensile  strength,  lb.  per  sq.  in 80  000 

Yield  point,  lb.  per  sq.  in 36  000 

Elongation  in  2  in.,  per  cent 15 

Reduction  of  area,      "       20 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

10.  Bend  Tests,  (a)  The  test  specimen  for  soft  castings  shall  bend  cold  through  120  deg., 
and  for  medium  castings  through  90  deg.,  around  a  i-in.  pin,  without  cracking  on  the  outside  of 
the  bent  portion. 

(b)  Hard  castings  shall  not  be  subject  to  bend  test  requirements. 

11.  Alternative  Tests  to  Destruction.  In  the  case  of  small  or  unimportant  castings,  a  test  to 
destruction  on  three  castings  from  a  lot  may  be  substituted  for  the  tension  and  bend  tests.    This 
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Fig.  I. 

test  shall  show  the  material  to  be  ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
intended.    A  lot  shall  consist  of  all  castings  from  one  melt,  in  the  same  annealing  charge. 

12.  Test  Specimens,     (a)  Sufficient  test  bars,  from  which  the  test  specimens  required  in 
Section  13  (a)  may  be  selected,  shall  be  attached  to  castings  weighmg  500  lb.  or  over,  when  the 
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Thickneas  or  Diameter  of  Bar. 

Plain  Bars. 

Deformed  and  Hot-twisted  Bars. 

Under  Jin 

l8o  deg. 
d=^t 
90  deg. 
d=3t 

180  deg. 

90  deg. 
d-4t 

f  in.  or  over 

Explanatory  Note:  d  =  the  diameter  of  pin  about  which  the  specimen  is  bent; 
t=Bthe  thickness  or  diameter  of  the  specimen. 

7.  Test  Spedmens.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall 
be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled; 
except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in.,  if 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

{b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment. 

8.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  ten 
tons  or  less  of  each  size  of  bar  rolled  from  rails  varying  not  more  than  10  lb.  per  yd.  in  nominal 
weight. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 

III.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

9.  Pennissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  cent 
from  the  theoretical  weight  of  that  lot. 

IV.    FINISH. 

10.  Finish.  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

V.    INSPECTION  AND  REJECTION. 

11.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  worlcs. 

12.  Rejection.  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  STEEL  CASTINGS 

OF  THB 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 
Adopted  August  25,  1913. 

I.  Classes.    These  specifications  cover  two  classes  of  castings,  namely: 

Class  A,  ordinary  castings  for  which  no  physical  requirements  are  specified; 

CUiss  B,  castings  for  which  physical  requirements  are  specified.  These  are  of  three  grades: 
hard,  medium,  and  soft. 

^  2.  Patterns.^    (a)  Patterns  shall  be  made  so  that  sufilicient  finish  is  allowed  to  provide  for  all 
variations  in  shrinkage. 

{b)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  lurfaces. 
It  is  recommended  that  core  prints  shall  be  painted  black  and  finished  surfaces  red. 

3.  Basis  of  Purchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  test  to 
destruction  specified  in  Section  1 1  for  the  tension  and  bend  tests,  and  shall  designate  the  patterns 
from  which  castings  for  this  test  shall  be  made. 
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I.    MANUFACTURE. 

4.  Process.  The  steel  may  be  made  by  the  open-hearth,  crucible,  or  any  other  process 
approved  by  the  purchaser. 

^.  Heat  Treatment     (a)  Class  A  castings  need  not  be  annealed  unless  otherwise  specified. 

(b)  Class  B  castings  shall  be  allowed  to  become  cold.  They  shall  then  be  uniformly  reheated 
to  the  proper  temperature  to  refine  the  grain  (a  group  thus  reheated  being  known  as  an  **  annealing 
charge  ")»  and  allowed  to  cool  uniformly  and  slowly.  If,  in  the  opinion  of  the  purchaser  or  his 
representative,  a  casting  is  not  properly  annealed,  he  may  at  his  option  require  the  casting  to  be 
re-annealed. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

6.  Chemical  Composition.  The  castings  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Class  A.  Class  B. 

Carbon not  over  0.30  per  cent  

Phosphorus "      "    0.06       "  not  over  0.05  per  cent 

Sulphur ....  "      "    0.05       " 

7.  Lftdle  Analjrses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requunements  specified  in  Section  6.  Drillings  for  analysis  shall  be  taken  not 
less  than  }  in.  beneath  the  surface  of  the  test  ingot. 

8.  Check  Analyses,  (a)  Analyses  of  Class  A  castings  may  be  made  by  the  purchaser,  in 
which  case  an  excess  of  20  per  cent  above  the  requirement  as  to  phosphorus  specified  in  Section  6 
shall  be  allowed.     Drillings  for  analysis  shall  be  taken  not  less  than  i  in.  beneath  the  surface. 

(6)  Analyses  of  Class  B  castings  may  be  made  by  the  purchaser  from  a  broken  tension  or 
bend  test  specimen,  in  which  case  an  excess  of  20  per  cent  above  the  requirements  as  to  phos- 
phorus and  sulphur  specified  in  Section  6  shall  be  allowed.  Drillings  for  analysis  shall  be  taken 
not  less  than  i  in.  beneath  the  surface. 


III.    PHYSICAL  PROPERTIES  AND  TESTS. 
(For  Class  B  Castings  Only.) 

9.  Tension  Tests,  (a)  The  castings  shall  conform  to  the  following  minimum  requirements 
as  to  tensile  properties: 

Hard. 

Tensile  strength,  lb.  per  sq.  in 80  000 

Yield  point,  lb.  per  sq.  in 36  000 

Elongation  in  2  in.,  per  cent 15 

Reduction  of  area,      "       20 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

10.  Bend  Teste,  (a)  The  test  specimen  for  soft  castings  shall  bend  cold  through  120  deg., 
and  for  medium  castings  through  90  deg.,  around  a  i-in.  pin,  without  cracking  on  the  outside  of 
the  bent  portion. 

(b)  Hard  castings  shall  not  be  subject  to  bend  test  requirements. 

11.  Alternative  Tests  to  Destruction.  In  the  case  of  small  or  unimportant  castings,  a  test  to 
destruction  on  three  castings  from  a  lot  may  be  substituted  for  the  tension  and  bend  tests.    This 
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test  shall  show  the  material  to  be  ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
intended.    A  lot  shall  consist  of  all  castings  from  one  melt,  in  the  same  annealing  charge. 

12.  Test  Specimens,     (a)  Sufficient  test  bars,  from  which  the  test  specimens  required  in 
Section  13  (a)  may  be  selected,  shall  be  attached  to  castings  weighing  500  lb.  or  over,  when  the 
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design  of  the  castings  will  permit.  If  the  castings  weigh  less  than  500  lb.,  or  are  of  such  a  design 
that  test  bars  cannot  be  attached,  two  test  bars  shall  be  cast  to  represent  each  melt;  or  the  quality 
of  the  castings  shall  be  determined  by  tests  to  destruction  as  specified  in  Section  11.  All  test 
bars  shall  be  annealed  with  the  castings  they  represent. 

(b)  The  manufacturer  and  purchaser  shall  agree  whether  test  bars  can  be  attached  to  castings, 
on  the  location  of  the  bars  on  the  castings,  on  the  castings  to  which  bars  are  to  be  attached,  and 
on  the  method  of  casting  unattached  bars. 

(c)  Tension  test  specimens  shall  be  of  the  form  and  dimensions  shown  in  Fig.  i.  Bend  test 
specimens  shall  be  machined  to  i  by  ^  in.  in  section  with  corners  rounded  to  a  radius  not  over  ^  in. 

13.  Number  ci  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  annealing 
charge.  If  more  than  one  melt  is  represented  in  an  annealing  charge,  one  tension  and  one  bend 
test  shall  be  made  from  each  melt. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  gage  length,  it  may  be  discarded;  in  which  case  the  manufacturer  and 
tne  purchaser  or  his  representative  shall  agree  upon  the  selection  of  another  specimen  in  its  stead. 

IV.  WORKMANSHIP  AND  FINISH. 

14.  Woikmanship.  The  castings  shall  substantially  conform  to  the  sizes  and  shapes  of  the 
patterns,  and  shall  be  made  in  a  workmanlike  manner. 

15.  Finish,     (a)  The  castings  shall  be  free  from  injurious  defects. 

(b)  Minor  defects  which  do  not  impair  the  strength  of  the  castings  may,  with  the  approval 
of  the  purchaser  or  his  representative,  be  welded  by  an  approved  process.  The  defects  shall  first 
be  cleaned  out  to  solid  metal;  and  after  welding,  the  castings  shall  be  annealed,  if  specified  by  the 
purchaser  or  his  representative. 

(c)  The  castings  offered  for  inspection  shall  not  be  painted  or  covered  with  any  substance 
that  will  hide  defects,  nor  rusted  to  such  an  extent  as  to  hide  defects. 

V.  INSPECTION  AND  REJECTION. 

16.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  castings  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  castings  are  beinp^  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  8  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Castings  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manu- 
facturer's works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

18.  Rehearing.  Samples  tested  in  accordance  with  Section  8,  which  represent  rejected 
castings,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  tor  a  rehearing  within  that 
time. 

VI.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  SHIPS. 

19.  Castings  for  Ships.  In  addition  to  the  preceding  requirements,  castings  for  ships,  when 
so  specified,  shall  conform  to  the  following  reauirements* 

2a  Heat  Treatment    All  castings  shall  be  annealed. 

21.  Number  of  Testa,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  of  the 
following  castings:  stem  frames,  stem  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets, 
rudders,  steering  quadrants,  tillers,  stems,  anchors,  and  other  casting  when  specified. 

(b)  When  a  casting  is  made  from  more  than  one  melt,  four  tension  and  four  bend  tests  shall 
be  made  from  each  casting. 

22.  Percussion  Tests,  (a)  A  percussion  test  shall  be  made  on  each  of  the  following  castings: 
stem  frames,  stem  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets,  rudders,  steering 
quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(b)  For  this  test,  the  casting  shall  be  suspended  by  chains  and  hammered  all  over  with  a 
hammer  of  a  weight  approved  by  the  purchaser  or  his  representative.  If  cracks,  flaws,  defects, 
or  weakness  appear  after  such  treatment,  the  casting  will  be  rejected. 

VII.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  RAILWAY  ROLLING  STOCK. 

23.  Castings  for  Raflwmy  Rolling  Stock.  Castings  for  railway  rolling  stock,  when  so  specified, 
shall  conform  to  the  requirements  tor  Class  B  castings,  Sections  i  to  18,  inclusive,  except  that 
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check  analyses  made  in  accordance  with  Section  8  (b)  shall  conform  to  the  requirements  as  to 
phosphorus  and  sulphur  specified  in  Section  6. 

CORROSION  OF  IRON  AND  STEEL.— If  iron  or  steel  is  left  exposed  to  the  atmosphere 
it  unites  with  oxygen  and  water  to  form  rust.  Where  the  metal  is  further  exposed  to  the  action 
of  corrosive  gases  the  rate  of  rusting  is  accelerated  but  the  action  is  similar  to  that  of  ordinary 
rusting.  Neither  dry  air  nor  water  free  from  oxygen  has  any  corrosive  effect.  While  not  essential 
to  corrosion  acids  greatly  hasten  its  action.  It  seems  evident  that  some  weak  electrolysis  is 
essential  for  corrosive  action.  Where  iron  or  steel  are  in  contact  with  water  electrolytic  action 
will  always  take  place,  although  the  amount  is  very  small  under  ordinary  conditions.  Where  a 
considerable  electrol3rtic  force  exists  the  corrosion  is  greatly  hastened.  The  increase  in  the  use 
of  electricity  has  doubtless  had  a  tendency  to  increase  the  corrosion  of  iron  and  steel  and  to  make 
the  problem  of  the  preservation  of  iron  and  steel  from  corrosion  of  great  importance. 

In  an  article  on  "  The  Corrosion  of  Iron  "  in  Proceedings  of  American  Society  for  Testing 
Materials,  voL  VII,  1907,  pages  211  to  228,  Mr.  AUerson  S.  Cushman  shows  that  the  two  factors 
without  which  the  corrosion  of  iron  is  impossible  are  electrolysis  and  the  presence  of  hydrogen 
in  the  electrolysed  or  "  ionic  "  condition.  The  electrolytic  action  can  only  take  place  in  the 
presence  of  oxygen  or  some  other  oxidizing  agent.  Rust  is  a  hydroxide  of  iron — ^ferric  hydroxide, 
FeOtHt.  The  corrosion  of  iron  or  steel  may  be  prevented  or  retarded  by  covering  it  with  a  coating 
that  will  protect  it  from  the  water  or  the  air. 

It  b  commonly  believed,  with  good  reason,  that  cast  iron  corrodes  less  rapidly  than  either 
wrought  iron  or  steel.  The  graphite  in  the  cast  iron  and  the  silicious  coating  that  the  cast  iron 
receives  in  molding  doubtless  assist  in  protecting  the  cast  iron  from  corrosion. 

It  is  also  commonly  believed  that  steel  corrodes  more  rapidly  than  wrought  iron.  The  tests 
that  have  been  made  to  determine  the  relative  corrosion  of  wrought  iron  and  steel  are  very  con- 
flicting, but  it  appears  certain  that  the  difference  in  the  corrosion  of  well  made  steel  and  well  made 
wrought  iron  is  very  slight.  The  acid  test  as  a  measure  of  natural  corrosion  has  been  used,  es- 
pecially by  firms  manufacturing  and  selling  **  ingot  iron  "  (very  low  carbon  Bessemer  or  open- 
hearth  steel).  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel  of  the  American  Society  for 
Testing  Materials  in  the  Proceedings  of  the  Society,  vol.  XI,  191 1,  page  100,  states  that  it  considers 
the  acid  test  as  unreliable  as  a  measure  of  natural  corrosion  and  does  not  recommend  its  use. 

In  the  paper  on  "  The  Corrosion  of  Iron  "  above  referred  to,  Mr.  Cushman  states: — "  A 
very  widespread  impression  prevails  that  charcoal  iron  or  a  puddled  wrought  iron  are  more  re- 
sistant to  corrosion  than  steel  manufactured  by  the  Bessemer  and  open-hearth  processes.  It  is 
by  no  means  certain  that  this  is  the  case,  but  it  would  follow  from  the  electrol3rtic  theory  that  in 
order  to  have  the  highest  resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible  from 
certain  impurities,  such  as  manganese,  or  should  be  so  homogeneous  as  not  to  retain  localized 
positive  and  negative  nodes  for  a  long  time  without  change.  Under  the  first  condition  iron  would 
appear  to  have  the  advantage,  but  under  the  second  much  would  depend  upon  the  care  exercised 
in  manufacture,  whatever  process  was  used." 

From  the  preceding  discussion  it  would  appear  that  neither  "  ingot  iron  "  nor  wrought  iron 
has  any  advantage  in  resisting  corrosion  over  a  well  made  structural  steel. 

PAINT.* — The  paints  in  use  for  protecting  structural  steel  may  be  divided  into  oil  paints, 
tar  paints,  asphalt  paints,  varnishes,  lacquers,  and  enamel  paints.  The  last  two  mentioned  are 
too  expensive  for  use  on  a  large  scale  and  will  not  be  considered. 

OIL  PAINTS. — ^An  oil  paint  consists  of  a  drying  oil  or  varnish  and  a  pigment,  thoroughly 
mixed  together  to  form  a  workable  mixture.  "  A  g(xxl  paint  is  one  that  is  readilv  applied,  has 
good  covering  powers,  adheres  well  to  the  metal,  and  is  durable."  The  pigment  should  be  inert 
to  the  metal  to  which  it  is  applied  and  also  to  the  oil  with  which  it  is  mixed.  Linseed  oil  is  com- 
monly used  as  the  varnish^ or  vehicle  in  oil  paints,  and  is  unsurpassed  in  durability  by  any  other 
dnring  oil.  Pure  linseed  oil  will,  when  applied  to  a  metal  surface,  form  a  transparent  coating  that 
offers  considerable  protection  for  a  time,  but  is  soon  destroyed  by  abrasion  and  the  action  of  the 
elements.  To  make  the  coating  thicker,  harder  and  more  dense,  a  pigment  is  added  to  the  oil. 
An  oil  paint  is  analogous  to  concrete,  the  linseed  oil  and  pigment  in  the  paint  corresponding  to  the 

*  This  discussion  on  paints  is  taken  from  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
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design  of  the  castings  will  permit.  If  the  castings  weigh  less  than  500  lb.,  or  are  of  such  a  design 
that  test  bars  cannot  be  attached,  two  test  bars  shall  be  cast  to  represent  each  melt;  or  the  quality 
of  the  castings  shall  be  determined  by  tests  to  destruction  as  specified  in  Section  11.  All  test 
bars  shall  be  annealed  with  the  castings  they  represent. 

(b)  The  manufacturer  and  purchaser  shall  agree  whether  test  bars  can  be  attached  to  castings, 
on  the  location  of  the  bars  on  the  castings,  on  the  castings  to  which  bars  are  to  be  attached,  and 
on  the  method  of  casting  unattached  bars. 

(c)  Tension  test  specimens  shall  be  of  the  form  and  dimensions  shown  in  Fig.  i.  Bend  test 
specimens  shall  be  machined  to  i  by  i  in.  in  section  with  corners  rounded  to  a  radius  not  over  -fg  in. 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  annealing 
charge.  If  more  than  one  melt  is  represented  in  an  annealing  charge,  one  tension  and  one  bend 
test  shall  be  made  from  each  melt. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  gage  length,  it  may  be  discarded;  in  which  case  the  manufacturer  and 
the  purchaser  or  his  representative  shall  agree  upon  the  selection  of  another  specimen  in  its  stead. 

IV.  WORKMANSHIP  AND  FINISH. 

14.  Workmanship.  The  castings  shall  substantially  conform  to  the  sizes  and  shapes  of  the 
patterns,  and  shall  be  made  in  a  workmanlike  manner. 

15.  Finish,     (a)  The  castings  shall  be  free  from  injurious  defects. 

(b)  Minor  defects  which  do  not  impair  the  strength  of  the  castings  may,  with  the  approval 
of  the  purchaser  or  his  representative,  be  welded  by  an  approved  process.  The  defects  shall  first 
be  cleaned  out  to  solid  metal;  and  after  welding,  the  castings  shall  be  annealed,  if  specified  by  the 
purchaser  or  his  representative. 

(c)  The  castings  offered  for  inspection  shall  not  be  painted  or  covered  with  any  substance 
that  will  hide  defects,  nor  rusted  to  such  an  extent  as  to  hide  defects. 

V.  INSPECTION  AND  REJECTION. 

16.  Inspectioii.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  castings  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  castings  are  bein^  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  8  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Castings  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manu- 
facturer's works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

18.  Rehearing.  Samples  tested  in  accordance  with  Section  8,  which  represent  rejected 
castings,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  lor  a  rehearing  within  that 
time.  ^ 

VI.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  SHIPS. 

19.  Caatiiigs  for  Ships.  In  addition  to  the  preceding  requirements,  castings  for  ships,  when 
so  specified,  shall  conform  to  the  following  reauirements! 

2a  Heat  Treatment.    All  castings  shall  be  annealed. 

21.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  of  the 
following  castings:  stem  frames,  stem  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets, 
rudders,  steering  quadrants,  tillers,  stems,  anchors,  and  other  casting  when  specified. 

(6)  When  a  casting  is  made  from  more  than  one  melt,  four  tension  and  four  bend  tests  shall 
be  made  from  each  casting. 

22.  Percussion  Tests,  (a)  A  percussion  test  shall  be  made  on  each  of  the  following  castings: 
stem  frames,  stem  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets,  radders,  steering 
quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(6)  For  this  test,  the  casting  shall  be  suspended  by  chains  and  hammered  all  over  with  a 
hammer  of  a  weight  approved  by  the  puixJiaser  or  his  representative.  If  cracks,  flaws,  defects, 
or  weakness  appear  after  such  treatment,  the  casting  will  be  rejected. 

VII.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  RAILWAY  ROLLING  STOCK. 

23.  Castings  for  Railway  Honing  Stock.  Castings  for  railway  rolling  stock,  when  so  specified, 
shall  conform  to  the  requiiemento  for  Class  B  castings.  Sections  i  to  18,  inclusive,  except  that 
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check  aualyses  made  in  accordance  with  Section  8  (6)  shall  conform  to  the  requirements  as  to 
phosphorus  and  sulphur  specified  in  Section  6. 

CORROSION  OF  IRON  AND  STEEL.— If  iron  or  steel  is  left  exposed  to  the  atmosphere 
it  unites  with  oxygen  and  water  to  form  rust.  Where  the  metal  is  further  exposed  to  the  action 
of  corrosive  gases  the  rate  of  rusting  is  accelerated  but  the  action  is  similar  to  that  of  ordinary 
rusting.  Neither  dry  air  nor  water  free  from  oxygen  has  any  corrosive  effect.  While  not  essential 
to  corrosion  adds  greatly  hasten  its  action.  It  seems  evident  that  some  weak  electrolysis  is 
essential  for  corrosive  action.  Where  iron  or  steel  are  in  contact  with  water  electrolytic  action 
will  always  take  place,  although  the  amount  is  very  small  under  ordinary  conditions.  Where  a 
considerable  electrolytic  force  exists  the  corrosion  is  greatly  hastened.  The  increase  in  the  use 
of  electricity  has  doubtless  had  a  tendency  to  increase  the  corrosion  of  iron  and  steel  and  to  make 
the  problem  of  the  preservation  of  iron  and  steel  from  corrosion  of  great  importance. 

In  an  article  on  "  The  Corrosion  of  Iron  *'  in  Proceedings  of  American  Society  for  Testing 
Materials,  voL  VII,  1907,  pages  21 1  to  228,  Mr.  Allerson  S.  Cushman  shows  that  the  two  factors 
without  which  the  corrosion  of  iron  is  impossible  are  electrolysis  and  the  presence  of  hydrogen 
in  the  electrolyzed  or  "  ionic  "  condition.  The  electrolytic  action  can  only  take  place  in  the 
presence  of  oxygen  or  some  other  oxidizing  agent.  Rust  is  a  hydroxide  of  iron — ^ferric  hydroxide, 
FeOiHt.  The  corrosion  of  iron  or  steel  may  be  prevented  or  retarded  by  covering  it  with  a  coating 
that  will  protect  it  from  the  water  or  the  air. 

It  is  commonly  believed,  with  good  reason,  that  cast  iron  corrodes  less  rapidly  than  either 
wrought  iron  or  steel.  The  graphite  in  the  cast  iron  and  the  silicious  coating  that  the  cast  iron 
receives  in  molding  doubtless  assist  in  protecting  the  cast  iron  from  corrosion. 

It  is  also  commonly  believed  that  steel  corrodes  more  rapidly  than  wrought  iron.  The  tests 
that  have  been  made  to  determine  the  relative  corrosion  of  wrought  iron  and  steel  are  very  con- 
flicting, but  it  appears  certain  that  the  difference  in  the  corrosion  of  well  made  steel  and  well  made 
wrought  iron  is  very  slight.  The  acid  test  as  a  measure  of  natural  corrosion  has  been  used,  es- 
pecially by  firms  manufacturing  and  selling  "  ingot  iron  "  (very  low  carbon  Bessemer  or  open- 
hearth  steel).  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel  of  the  American  Society  for 
Testing  Materials  in  the  Proceedings  of  the  Society,  vol.  XI,  191 1,  page  100,  states  that  it  considers 
the  acid  test  as  unreliable  as  a  measure  of  natural  corrosion  and  does  not  recommend  its  use. 

In  the  paper  on  "  The  Corrosion  of  Iron  "  above  referred  to,  Mr.  Cushman  states: — "  A 
very  widespread  impression  prevails  that  charcoal  iron  or  a  puddled  wrought  iron  are  more  re- 
sistant to  corrosion  than  steel  manufactured  by  the  Bessemer  and  open-hearth  processes.  It  is 
by  no  means  certain  that  this  is  the  case,  but  it  would  follow  from  the  electrolytic  theorjr  that  in 
order  to  have  the  highest  resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible  from 
certain  impurities,  such  as  manganese,  or  should  be  so  homogeneous  as  not  to  retain  localized 
positive  and  negative  nodes  for  a  long  time  without  change.  Under  the  first  condition  iron  would 
appear  to  have  the  advantage,  but  under  the  second  much  would  depend  upon  the  care  exercised 
in  manufacture,  whatever  process  was  used." 

From  the  preceding  discussion  it  would  appear  that  neither  "  ingot  iron  "  nor  wrought  iron 
has  any  advantage  in  resisting  corrosion  over  a  well  made  structural  steel. 

PAINT.* — ^The  paints  in  use  for  protecting  structural  steel  may  be  divided  into  oil  paints, 
tar  paints,  asphalt  paints,  varnishes,  lacquers,  and  enamel  paints.  The  last  two  mentioned  are 
too  expensive  for  use  on  a  large  scale  and  will  not  be  considered. 

OIL  PAINTS. — ^An  oil  paint  condsts  of  a  drying  oil  or  varnish  and  a  pigment,  thoroughly 
mixed  together  to  form  a  workable  mixture.  "  A  g(xxl  paint  is  one  that  is  readilv  applied,  has 
good  covering  powers,  adheres  well  to  the  metal,  and  is  durable."  ^  The  pigment  should  be  inert 
to  the  metal  to  which  it  is  applied  and  also  to  the  oil  with  which  it  is  mixed.  Linseed  oil  is  com- 
monly used  as  the  varnish^ or  vehicle  in  oil  paints,  and  is  unsurpassed  in  durability  by  any  other 
drying  oil.  Pure  linseed  oil  will,  when  applied  to  a  metal  surface,  form  a  transparent  coating  that 
offers  connderable  protection  for  a  time,  but  is  soon  destroyed  by  abrasion  and  the  action  of  the 
elements.  To  make  the  coating  thicker,  harder  and  more  dense,  a  pigment  is  added  to  the  oil. 
An  oil  paint  is  analogous  to  concrete,  the  linseed  oil  and  pigment  in  the  paint  corresponding  to  the 

*  This  discussion  on  paints  is  taken  from  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
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cement  and  the  aggregate  in  the  concrete.    The  pigments  used  in  makinp^  oil  paints  for  protecting 
metal  may  be  divided  into  four  groups  as  follows:  (i)  lead;  (2)  zinc;  (3)  iron;  (4)  carbon. 

Linseed  Oil. — ^Linseed  oil  is  made  by  crushing  and  pressing  flaxseed.  The  oil  contains  some 
vegetable  impurities  when  made,  and  should  be  allowed  to  stand  for  two  or  three  months  to  purify 
and  settle  before  being  used.  In  this  form  the  oil  is  known  as  raw  linseed  oil,  and  is  ready  for  use. 
Raw  linseed  oil  dries  (oxidizes)  very  slowly  and  for  that  reason  is  not  often  used  in  a  pure  state  for 
structural  iron  paint.  The  rate  of  drying  of  raw  linseed  oil  increases  with  age;  an  old  oil  being 
very  much  better  for  paint  than  that  which  has  been  but  recently  extracted.  Raw  linseed  oil 
can  be  made  to  dry  more  rapidly  by  the  addition  of  a  drier  or  by  boiling.  Linseed  oil  dries  by 
oxidation  and  not  by  evaporation,  and  therefore  any  material  that  will  make  it  take  up  oxygen 
more  rapidly  is  a  drier.  A  common  method  of  makinc;  a  drier  for  linseed  oil  is  to  put  the  linseed 
oil  in  a  kettle,  heat  it  to  a  temperature  of  400  to  500  degrees  F.,  and  stir  in  about  four  pounds  of 
red  lead  or  litharge,  or  a  mixture  of  the  two,  to  each  gallon  of  oil.  This  mixture  is  then  thinned 
down  by  adding  enough  linseed  oil  to  make  four  gallons  for  each  gallon  of  raw  oil  first  put  in  the 
kettle.  The  addition  of  four  gallons  of  this  drier  to  forty  gallons  of  raw  oil  will  reduce  the  time  of 
drying  from  about  five  days  to  twenty-four  hours.  A  drier  made  in  this  way  costs  more  than  the 
pure  unseed  oil,  so  that  driers  are  very  often  made  by  mixing  lead  or  manganese  oxide  with  rosin 
and  turpentine,  benzine,  or  rosin  oil.  These  driers  can  be  made  for  very  much  less  than  the  price 
of  good  linseed  oil,  and  are  used  as  adulterants;  the  more  of  the  drier  that  is  put  into  the  paint,  the 
quicker  it  will  dry  and  the  poorer  it  becomes.  Japan  drier  is  often  used  with  raw  oil,  and  when  this 
or  any  other  drier  is  added  to  raw  oil  in  barrels,  the  oil  is  said  to  be  "  boiled  through  the  bung  hole." 

Boiled  linseed  oil  is  made  by  heating  raw  oil,  to  which  a  quantity  of  red  lead,  litharge,  sugar  of 
lead,  etc.,  has  been  added,  to  a  temperature  of  400  to  500  degrees  F.,  or  by  passing  a  current  of 
heated  air  through  the  oil.  Heating  linseed  oil  to  a  temperature  at  which  merely  a  few  bubbles 
rise  to  the  surface  makes  it  dry  more  rapidly  than  the  unheated  oil;  however,  if  the  boiling  is  con- 
tinued for  more  than  a  few  hours  the  rate  of  drying  is  decreased  by  the  boiling.  Boiled  Unseed 
oil  is  darker  in  color  than  raw  oil,  and  is  much  used  for  outside  paints.  It  ^ould  dry  in  from  12  to 
24  hours  when  spread  out  in  a  thin  film  on  glass.  Raw  oil  makes  a  stronger  and  better  film  than 
boiled  oil,  but  it  dries  so  slowly  that  it  is  seldom  used  for  outside  work  without  the  addition  of  a 
drier. 

Lead. — White  Lead  (hydrated  carbonate  of  lead — specific  gravity  6.4)  is  used  for  interior  and 
exterior  wood  work.  White  lead  forms  an  excellent  pigment  on  account  of  its  high  adhesion  and 
covering  power,  but  it  is  easily  darkened  by  exposure  to  corrosive  gases  and  rapidly  disintegrates 
under  these  conditions,  requiring  frequent  renewal.  It  does  not  make  a  good  bottom  coat  for 
other  paints,  and  if  it  is  to  be  used  at  all  for  metal  work  it  should  be  used  over  another  paint. 

Red  Lead  (minium;  lead  tetroxide — specific  gravity  8.3)  is  a  heavy,  red  powder  approxi- 
mating in  shade  to  orange;  is  affected  bv  acids,  but  when  used  as  a  paint  is  very  stable  in  light  and 
under  exposure  to  the  weather.  Red  lead  is  seldom  adulterated,  about  the  only  substance  used 
for  the  purpose  being  red  oxide.  Red  lead  is  prepared  by  changing  metallic  lead  into  monoxide 
litharge,  and  converting  this  product  into  minium  in  calcining  ovens.  Red  lead  intended  for 
paints  must  be  free  from  metallic  lead.  One  ounce  of  lampblack  added  to  one  pound  of  red  lead 
changes  the  color  to  a  deep  chocolate  and  increases  the  time  of  drying.  This  compound  when 
mixed  in  a  thick  paste  will  keep  30  days  without  hardening. 

Zinc. — Zinc  white  (zinc  oxide — specific  p^vity  5.3)  is  a  white  loose  powder,  devoid  of  smell 
or  taste  and  has  a  good  covering  power.  Zinc  paint  has  a  tendency  to  peel,  and  when  exposed 
there  is  a  tendency  to  form  a  zinc  soap  with  the  oil  which  is  easily  washed  off,  and  it  therefore  docs 
not  make  a  good  paint.  However,  when  mixed  with  red  oxide  of  lead  in  the  proportions  of  i  lead 
to  %  zinc,  or  2  lead  to  i  zinc,  and  ground  with  linseed  oil,  it  makes  a  very  durable  paint  for  metal 
surtaces.  This  paint  dries  very  slowly,  the  zinc  acting  to  delay  hardening  about  the  same  as 
lampblack. 

Iron  Oxide.— Iron  oxide  (specific  gravity  5)  is  composed  of  anhydrous  sesquioxide  (hematite) 
and  hydrated  sesquioxide  of  iron  (iron  rust).  The  anhydrous  oxide  is  the  characteristic 
ingredient  of  this  pi^ent  and  very  little  of  the  hydrated  oxide  should  be  present.  Hydrated 
sesquioxide  of  iron  is  simply  iron  rust,  and  it  probably  acts  as  a  carrier  of  oxygen  and  accele- 
rates corrosion  when  it  is  present  in  considerable  quantities.  Mixed  with  the  iron  ore  are 
various  other  ingredients,  such  as  clay,  ocher  and  earthy  materials,  which  often  form  50  to  75 
per  cent  of  the  mass.  Brown  and  dark  red  colors  indicate  the  anhydrous  oxide  and  are  considered 
the  best.  Bright  led,  bright  purple  and  maroon  tints  are  characteristic  of  hydrated  oxide  and 
make  le»  durable  paints  than  the  darker  tints.  Care  should  be  used  in  buying  iron  oxide  to 
see  that  it  is  finely  ground  and  is  free  from  clay  and  ocher. 

Carbon.— The  most  common  forms  of  carbon  in  use  for  paints  are  lampblack  and  graphite. 
Lampblack  (specific  gravity  2.6)  is  a  great  absorbent  of  linseed  oil  and  makes  an  excellent  pigment. 
Graphite  (black  lead  or  plumba^go — specific  gravity  24)  is  a  more  or  less  impure  form  of  carbon, 
and  when  pure  is  not  affected  by  adds.    Graphite  does  not  absorb  nor  act  chemically  on  linseed 
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oQi  so  that  the  varnish  simpiy  holds  the  particles  of  pigment  together  in  the  same  manner  as  the 
cem  mt  in  a  concrete.  There  are  two  kinds  of  graphite  in  common  use  for  paints — ^the  granular 
and  the  flake  graphite.  The  Dixon  Graphite  Co.,  of  Jersey  City,  uses  a  flake  graphite  combined 
with  silica,  while  the  Detroit  Graphite  Manufacturing  Co.  uses  a  mineral  ore  with  a  large  per- 
centage of  graphitic  carbon  in  granulated  form.  On  account  of  the  small  specific  gravity  of  the 
pigment,  carbon  and  graphite  paints  have  a  very  large  covering  capacity.  The  thickness  of  the 
coat  is,  however,  corresp3ndingly  reduced.  Boiled  linseed  oil  should  always  be  used  with  carbon 
pigments. 

Miziiig  the  Paint — The  pigment  should  be  finely  ground  and  should  preferably  be  ground  with 
the  oil.  The  materials  should  be  bought  from  reliable  dealers,  and  should  be  mixed  as  wanted. 
If  it  is  not  possible  to  grind  the  paint,  better  results  will  usually  be  obtained  from  hand  mixed 
paints  made  of  first  class  materials  than  from  the  ordinary  run  of  prepared  paints  that  are  supposed 
to  have  been  p^round.  Many  ready  mixed  paints  are  sold  for  less  than  the  price  of  linseed  oil, 
which  makes  it  evident  that  little  if  any  oil  has  been  used  in  the  paint.  The  paint  should  be 
thinned  with  oil,  or  if  necessary  a  small  amount  of  turpentine  may  be  added;  hozvetfer  turpentine 
is  an  adulterant  and  should  be  used  sparingly.  Benzine,  gasoline,  etc.,  should  never  be  used  in  paints, 
as  the  paint  dries  without  oxidizing  and  then  rubs  off  like  chalk. 

Proportions. — ^The  proper  proportions  of  pigment  and  oil  required  to  make  a  good  paint 
vary  with  the  different  pigments,  and  the  methods  of  preparing  the  paint;  the  heavier  and  the 
more  finely  ground  pigments  require  less  oil  than  the  lighter  or  coarsely  ground  while  ground 
paints  require  less  oil  than  ordinary  mixed  paints.  A  common  rule  for  mixing  paints  ground  in 
oil  b  to  mix  with  each  gallon  of  linseed  oil,  dry  pigment  equal  to  three  to  four  times  the  specific 
gravity  of  the  pigment,  the  weight  of  the  pigment  being  given  in  pounds.  This  rule  gives  the 
following  weights  of  pigment  per  gallon  of  linseed  oil:  white  lead,  19  to  26  lb.;  red  lead,  25  to  3^  lb.; 
zinc,  15  to  21  lb.;  iron  oxide,  15  to  20  lb.;  lampblack,  8  to  10  lb.;  graphite,  8  to  10  lb.  The  weights 
of  pigment  used  per  gallon  of  oil  varies  about  as  follows:  red  lead,  20  to  33  lb.;  iron  oxide,  8  to 
25  lb.;  graphite,  3  to  12  lb. 

CoTenng  Capacity. — ^The  covering  capacity  of  a  paint  depends  upon  the' uniformity  and 
thickness  of  the  coatine;  the  thinner  the  coating  the  larger  the  surface  covered  per  unit  of  paint. 
To  obtain  any  given  thickness  of  paint  therefore  requires  practically  the  same  amount  of  paint 
whatever  its  pigment  may  be.  .  The  claims  often  urged  in  favor  of  a  particular  paint  that  it  nas  a 
large  covering  capacity  may  mean  nothing  but  that  an  excess  of  oil  has  been  used  in  its  fabrication. 
An  idea  of  the  relative  amounts  of  oil  and  pigment  required,  and  the  covering  capacity  of  different 
paints  may  be  obtained  from  Table  VIII,  Chapter  XIII. 

Light  structural  work  will  average  about  250  square  feet,  and  heavy  structural  work  about 
150  square  feet  of  surface  per  net  ton  of  metal. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

Applying  the  Paint — ^The  paint  should  be  thoroughly  brushed  out  with  a  round  brush  to 
remove  ail  the  air.  The  paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred. 
When  it  is  necessary  to  apply  paint  in  cold  weather,  it  should  be  heated  to  a  temperature  of  130 
to  150  degrees  F.;  paint  should  not  be  put  on  in  freezing  weather.  Paint  should  not  be  applied 
when  the  surface  is  damp,  or  during  foggy  weather.  The  first  coat  should  be  allowed  to  stand  for 
three  or  four  days,  or  until  thoroughly  dry,  before  applying  the  second  coat.  If  the  second'coat 
is  applied  before  the  first  coat  has  dried,  the  drying  of  the  first  coat  will  be  very  much  retarded. 

Cleaning  the  Surface. — Before  applying  the  paint  all  scale,  rust,  dirt,  grease  and  dead  paint 
should  be  removed.  The  metal  may  be  cleaned  by  pickling  in  an  acid  bath,  by  scraping  and  brushing 
with  wire  brushes,  or  by  means  of  the  sand  blast.  In  the  process  of  pickling  the  metal  is  dipped 
in  an  acid  bath,  which  is  followed  by  a  bath  of  milk  of  lime,  and  afterwards  the  metal  is  washed 
clean  in  hot  water.  The  method  is  expensive  and  not  satisfactory  unless  extreme  care  is  used  in 
removing  all  traces  of  the  acid.  Another  objection  to  the  process  is  that  it  leaves  the  metal  wet  and 
allows  rusting  to  begin  before  the  paint  can  be  applied.  The  most  common  method  of  cleaning 
is  by  scraping  with  wire  brushes  and  chisels.  This  method  is  slow  and  laborious.  The  method  of 
cleaning  by  means  of  a  sand  blast  has  been  used  to  a  limited  extent  and  promises  much  for  the 
future.  The  average  cost  of  cleaning  five  bridges  in  Columbus,  Ohio,  in  1902,  was  3  cts.  per  sq. 
ft.  of  surface  cleaned.*  The  bridges  were  old  and  some  were  badly  rusted.  The  painters  followed 
the  sand  blast  and  covered  the  newly  cleaned  surface  with  paint  before  the  rust  had  time  to  form, 

Mr.  Lilly  estimates  the  cost  of  cleaning  light  bridge  work  at  the  shop  with  the  sand  blast  at 
I1.75  per  ton,  and  the  cost  of  heavy  bridge  work  at  $1.00  per  ton.  In  order  to  remove  the  mill 
scale  it  has  been  recommended  that  rusting  be  allowed  to  start  before  the  sand  blast  is  used.  One 
of  the  advantages  of  the  sand  blast  is  that  it  leaves  the  surface  perfectly  dry,  so  that  the  paint  can 
be  applied  before  any  rust  has  formed. 

♦  Sand  Blast  Cleaning  of  Structural  Steel,  by  G.  W.  Lilly.  Trans.  Am.  Soc  C.  E.,  Feb.,  1903. 
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Prixning  or  Shop  Coat. — Engineers  are  very  much  divided  as  to  what  makes  the  best  priming 
coat;  some  specify  a  first  coat  of  pure  linseed  oil  and  others  a  priming  coat  of  paint.  Linseed  oU 
makes  a  transparent  coating  that  allows  imperfections  in  the  workmanship  and  rusted  spots 
to  be  easilv  seen;  it  is  not  permanent  however,  and  if  the  metal  is  exposed  for  a  long  time  the  oil 
will  often  be  entirely  removed  befoi^  the  second  coat  is  applied.  It  is  also  claimed  that  the  paint 
will  not  adhere  as  well  to  linseed  oil  that  has  weathered  as  to  a  ^ood  paint.  Linseed  oil  gives  better 
results  if  applied  hot  to  the  metal.  Another  advantage  of  usmg  oil  as  a  priming  coat  is  that  the 
erection  marks  can  be  painted  over  with  the  oil  without  fear  of  covering  them  up.  Red  lead  paint 
toned  down  with  lampblack  is  probably  used  more  for  a  priming  coat  than  any  other  paint;  the 
B.  &  O.  R.  R.  uses  lo  oz.  of  lampblack  to  every  12  lb.  of  red  lead.  Linseed  oil  mixed  with  a  small 
amount  of  lampblack  makes  a  very  satisfactory  priming  or  shop  coat. 

Without  going  further  into  the  controversy  it  would  seem  that  there  is  very  little  choice  between 
linseed  oil  and  a  good  red  kad  paint  for  a  priming  coat.  For  data  on  the  standard  shop  paints 
specified  by  different  railroads,  see  digest  of  specifications  in  Chapter  IV. 

Finishing  Coat — ^From  a  careful  study  of  the  question  of  paints,  it  would  seem  that  for  ordi- 
nary conditions,  the  quality  of  the  materials  and  workmanship  is  of  more  importance  in  painting 
metal  structures  than  the  particular  pigment  used.  If  the  priming  coat  has  been  properly 
applied  there  is  no  reason  why  any  good  ^ade  of  paint  composed  of  pure  linseed  oil  and  a  very 
finely  ground,  stable  and  chemically  non-injurious  pigment  will  not  make  a  very  satisfactory  finish- 
ing coat.  Where  the  paint  is  to  be  subjected  to  the  action  of  corrosive  gases  or  blasts,  however, 
there  is  certainly  quite  a  difference  in  the  results  obtained  with  the  different  pigments.  The 
graphite  and  asphalt  paints  appear  to  withstand  the  corroding  action  of  smelter  and  engine  gases 
better  than  red  lead  or  iron  oxide  paints;  while  red  lead  is  probably  better  under  these  conditions 
than  iron  oxide.  Portland  cement  paint  or  coal  tar  paint  are  the  only  paints  that  will  withstand 
the  action  of  engine  blasts. 

To  obtain  the  best  results  in  painting  metal  structures  therefore,  proceed  as  follows:  (i)  pre- 
pare the  surface  of  the  metal  by  carefully  removing  all  dirt,  grease,  mill  scale,  rust,  etc.,  and  give 
It  a  priming  coat  of  pure  linseed  oil  or-a  good  paint — red  lead  seems  to  be  the  most  used  for  this 
purpose;  (2)  after  the  metal  is  in  place  carefully  remove  alldirt,  grease,  etc.,  and  apply  the  finishing 
coats — preferably  not  less  than  two  coats — givii:g  ample  time  for  each  coat  to  dry  before  applying 
the  next.  The  separate  coats  of  paint  should  be  of  different  colors.  Painting  should  not  be  done 
in  rainy  weather,  or  when  the  metal  is  damp,  nor  in  cold  weather  unless  special  precautions  are 
taken  to  warm  the  paint.  The  best  results  will  usually  be  obtained  if  the  materials  are  purchased 
in  bulk  from  a  responsible  dealer  and  the  paint  p:round  as  wanted.  Good  results  are  obtained  with 
many  of  the  patent  or  ready  mixed  paints,  but  tt  is  not  possible  in  this  place  to  go  into  a  discussion 
of  their  respective  merits. 

ASPHALT  PAINT. — ^Many  prepared  paints  are  sold  under  the  name  of  asphalt  that  are  mix- 
tures of  coal  tar,  or  mineral  asphalt  alone,  or  combined  with  a  metallic  base,  or  oils.  The  exact 
compositions  of  the  patent  asphalt  paints  are  hard  to  determine.  Black  bridge  paint  made  by 
Edward  Smith  &  Co.,  New  York  City,  contains  asphaltum,  linseed  oil,  turpentine  and  Kauri  gum. 
The  paint  has  a  varnish-like  finish  and  makes  a  very  satisfactory  paint.  The  black  shades  of 
asphalt  paint  are  the  only  ones  that  should  be  used. 

COAL  TAR  PAINT. — Coal  tar  paint  is  occasionally  used  for  painting  gas  tanks,  smelters,  and 
similar  structures  that  receive  rough  usage.  Coal  tar  paint  mixed  as  described  below  has  been 
used  by  the  U.  S.  Navy  Department  for  painting  the  hulls  of  ships.  It  should  give  satisfactory 
service  where  the  metal  b  subject  to  corrosion.  The  coal  tar  paint  is  mixed  as  follows:  The  pro- 
portions of  the  mixture  are  slightly  variable  according  to  the  original  consistency  of  the  tar,  the 
use  for  which  it  b  intended  and  the  climate  in  which  it  is  used.  The  proportions  will  vary 
between  the  following  proportions  in  volume. 

Coal  Tar.    Portland  Cement.    Kenaene  OQ. 

New  Orleans  Mixture 8  I  i 

Annapolb  Mixture 16  4  3 

The  Portland  cement  should  first  be  stirred  into  the  kerosene,  forming  a  creamy  mixture, 
the  mixture  b  then  stirred  into  the  coal  tar.  The  paint  should  be  freshly  mixed  and  kept  well 
stirred.  This  paint  sticks  well,  does  not  run  when  exposed  to  the  sun's  rays  and  is  a  very  satis- 
factory paint  for  rough  work.  The  cost  of  the  paint  will  vary  from  10  to  20  cts.  per  gallon.  The 
kerosene  oil  acts  as  a  drier,  while  the  Portland  cement  neutralizes  the  coal  tar. 

If  it  is  desired  to  paint  with  oil  paint  a  structure  which  has  been  painted  with  coal  tar  paint, 
the  surface  must  be  scraped  and  all  the  coal  tar  removed. 

CEMENT  AND  CEMENT  PAINT.— Experimenu  have  shown  that  a  thin  coating  of  Portland 
cement  b  effective  in  preventing  rust;  that  a  concrete  to  be  eflFective  in  preventing  rust  must  be 
dense  and  made  very  wet.  The  steel  must  be  clean  when  imbedded  in  the  concrete.  There  is 
quite  a  difference  of  opinion  as  to  whether  the  metal  should  be  painted  before  being  imbedded  or 
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not.  It  is  probably  best  to  paint  the  metal  if  it  is  not  to  be  imbedded  at  once,  or  is  not  to  be  used 
in  concrete-steel  construction  where  the  adhesion  of  the  cement  to  the  metal  is  an  essential  element. 
When  the  metal  is  to  be  imbedded  immediately  it  is  better  not  to  paint  it. 

Portlaiid  Cement  Paint — ^A  Portland  cement  paint  has  been  used  on  the  High  St.  viaduct  in 
Columbus,  Ohio,  with  good  results. .  The  viaduct  was  exposed  to  the  fumes  and  blasts  from 
locomotives,  so  that  an  ordinary  paint  did  not  last  more  than  six  months  even  on  the  least  exposed 
portions.  The  method  of  mixing  and  applying  the  paint  is  described  in  Engineering  News, 
April  24th  and  June  5th,  1902,  as  follows:  "The  surface  of  the  metal  was  thoroughly  cleaned  with 
wire  brushes  and  files — the  bridge  had  been  cleaned  with  a  sand  blast  the  previous  year.  A  thick 
coat  of  Japan  drier  was  then  applied  and  before  it  had  time  to  dry  a  coating  was  applied  as  fol- 
lows: Apply  with  a  trowel  to  the  minimum  thickness  of  t^  in.  and  a  maximum  thickness  of 
I  in.  (in  extreme  cases  J  in.)  a  mixture  of  32  lb.  Portland  cement,  12  lb.  dry  finely  ground  lead,  4 
to  6  lb.  boiled  linseed  oil,  2  to  3  lb.  Japan  drier."  After  a  period  of  about  two  years  the  coating 
was  in  almost  perfect  condition  and  tne  metal  under  the  coating  was  as  clean  as  when  painted. 
The  cost  of  the  coating  including  the  hand  cleaning,  materials  and  labor  was  8  cts.  per  sq.  ft. 

INSTRUCTIONS  FOR  THE  MILL  INSPECTION  OF  STRUCTURAL  STEEL.* 

(i)  Study  the  contract  and  specifications  and  secure  such  information  concerning  the  pro- 
posed structure  as  will  permit  a  full  understanding  of  the  use  to  be  made  of  the  various  items  of  the 
order. 

(2)  Secure  copies  of  the  mill  orders,  shipping  directions  and  other  information  concerning  the 
material  to  be  inspected. 

(3)  Attend  promptly  when  notified  of  the  rolling  of  material  and  so  conduct  the  inspection 
and  tests  as  not  to  interfere  unnecessarily  with  the  operations  of  the  mill. 

U)  Have  the  test  specimens  prepared  and  properly  stamped  with  the  melt  numbers  by  the 
manufacturer.  Observe  the  selection  and  stamping  of  specimens  and  verify  the  melt  numbers 
when  practicable. 

(5)  Attend  and  supervise  the  making  of  tensile,  bending  and  drifting  tests.  Make  sure  that 
the  testing  machines  are  properly  handled  and  that  the  specified  speed  of  pulling  is  not  exceeded. 
Note  the  behavior  of  the  metal  and  check  and  record  the  results  of  the  tests. 

(6)  Select  the  bars  or  other  members  for  full-size  tests  as  specified.  Supervise  such  tests 
and  check  and  record  their  results. 

(7)  Secure  from  the  manufacturer  records  of  the  chemical  analyses  of  the  melts  and  accept 
only  those  in  which  the  specified  contents  of  impurities  are  not  exceeded. 

(8)  Secure  pieces  of  the  test  ineots  and  test  specimens  and.  have  check  analyses  made  outside 
of  the  manufacturers'  laboratory  when  the  analyses  furnished  by  the  manufacturer  are  erratic  or 
for  any  other  reason  appear  to  be  incorrect. 

(9)  Examine  each  piece  of  finished  material  for  surface  defects  before  shipment,  requiring 
the  material  to  be  handled  in  a  manner  that  will  permit  the  examination  to  he  thorough  and 
complete.  This  inspection  should  detect  evidence  of  excessive  gagging  or  other  injury  due  to 
cold  straightening. 

(10)  Report  promptly  the  shipment  of  any  material  from  the  mill,  whose  surface  inspection 
has  been  waived.    Such  material  should  be  examined  by  the  shop  inspector. 

(ii)  Verify  the  section  of  all  material  by  measurement  and  by  weight. 

(12)  Study  the  operations  of  the  plant  and  become  familiar  with  the  various  processes  of 
manufacture. 

Cultivate  the  acquaintance  of  the  mill  employees  and  become  familiar  with  their  work  so  as 
to  have  direct  knowledge  of  the  mill  practice  and  determine  as  well  as  the  circumstances  permit 
the  correctness  of  the  mill  practice  in  so  far  as  it  is  covered  by  the  specifications. 


(13)  Record  all  tests  and  analyses  on  the  forms  provided. 
(14) 


Keep  informed  as  to  the  progress  of  the  work  in  the  shop  and  endeavor  to  secure  the 
shipment  of  material  at  such  times  and  in  such  order  as  to  avoid  delay  in  the  fabrication. 

(15)  Secure  copies  of  the  shipping  lists  and  compare  them  with  the  orders  and  make  regular 
statements  of  the  material  that  has  been  rolled  and  shipped. 

(16)  Make  reports  weekly  or  as  may  be  directed,  submitting  complete  records  of  tests, 
analyses  and  shipments  and  such  other  information  as  may  be  required. 

*  American  Railway  Engineering  Association,  Adopted,  Vol.  14,  1913. 
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INSTRUCTIONS  FOR  THE  INSPECTION  OF  THE  FABRICATION  OF 

STEEL  BRIDGES.* 

(i)  Acquire  a  full  knowledge  of  the  conditions  of  the  contract,  such  as  the  time  of  delivery, 
the  railway  company's  actual  need  of  the  work,  the  desired  order  of  shipment,  and  any  special 
features  in  connection  with  delivery  such  as  the  position  of  the  girders  or  truss  members  on  cars 
at  the  bridge  site. 

(2)  Study  in  advance  the  plans  and  specifications  and  see  that  all  provisions  thereof  are 
complied  with.     These  instructions  are  not  be  construed  as  altering  the  specifications  in  any  way. 

Check  every  finished  member  against  the  drawings  for  its  general  dimensions  and  for  the 
section  of  each  piece  of  material  forming  a  component  part  of  the  member. 

(3)  Endeavor  to  maintain  pleasant  relations  with  foremen  and  the  workmen  and  by  fairness, 
decisiveness  and  good  sense  interest  them  in  the  successful  completion  of  the  work. 

C4)  Attend  constantly  to  the  work,  making  inspection  during  the  progress  of  the  work  in  the 
shop,  striving  to  keep  up  with  the  output  in  order  that  errors  may  be  corrected  before  the  work 
leaves  the  shop. 

Attend  the  weighing  x>f  material  whenever  practicable,  especially  that  purchased  on  weight 
basis.     Check  the  accuracy  of  the  scales  with  test  weights  or  by  other  sufficient  means. 

Conduct  the  inspection  so  as  not  to  interfere  unnecessarily  with  the  routine  operations  of  the 
shop. 

(5)  When  unusual  circumstances  require  an  explanation  of  the  plans  or  some  variation  from 
the  specified  procedure,  take  the  necessary  action  promptly. 

(6)  Study  the  field  connections,  paying  particular  attention  to  clearances  and  making  nota- 
tions on  the  drawings  so  that  they  may  be  checked  rapidly. 

(7)  Check  all  bevels  and  field  rivet  holes. 

(8)  Give  careful  attention  to  the  quality  of  the  workmanship,  the  condition  of  the  plain 
material,  accuracy  of  punching,  care  in  assembling,  alignment  of  rivets,  tightness  of  rivets,  ^- 
curacy  of  finishing  of  machined  joints,  painting  and  general  finish. 

(9)  Make  sure  that  reamed  holes  are  truly  cylindrical  and  that  drillings  are  not  allowed  to 
remain  between  assembled  parts. 

(10)  Watch  for  bends,  kinks,  and  twists  in  the  finished  members  andjnake  certain  that  when 
leaving  the  shop  they  are  in  proper  condition  for  erection. 

(11)  Make  sure  that  the  webs  of  girders  do  not  project  beyond  the  flange  angles  and  that  the 
depth  of  web  below  the  flange  angles  complies  with  the  specification. 

(12)  Allow  only  the  material  rolled  and  accepted  for  the  work  to  be  used  therein. 

(13)  Have  the  fabricated  material  shipped  in  the  correct  order  for  erection  and  in  accordance 
with  instructions,  as  far  as  practicable. 

(14)  Measure  the  width  of  each  column  and  the  lengths  of  all  girders  between  columns  when 
they  are  to  be  placed  consecutively  in  a  long  row  so  as  to  insure  that  the  columns  and  girders  will 
not  "  build  out  "  in  erection,  so  as  to  exceed  the  calculated  length. 

(15)  Check  "  rights  "  and  "  lefts  "  and  make  sure  that  the  proper  number  of  each  is  shipped. 

(16)  Check  base  plates  of  girders  before  riveting  and  make  sure  that  the  camber  is  not 
reversed. 

(17)  Check  the  space  provided  for  driving  field  rivets,  allowing  sufficient  space  for  the 
penumatic  riveter. 

il8)  Examine  field  connections  after  riveting  to  insure  proper  fitting  and  ease  of  erection. 
19)  Make  sure  that  shop  splices  are  properly  fitted  and  that  matched  and  milled  surfaces 
to  transmit  bearing  are  in  close  contact  during  riveting  as  specified. 

(20)  Examine  and  measure  bored  pinholes  carefully  to  insure  proper  dimensions  and  spacing 
and  smoothness  of  finish. 

(21)  Measure  the  spacing  center  to  center  of  the  end  connections  for  sections  of  I-beam 
floors  or  any  similar  construction  in  which  the  calculated  spacing  is  liable  to  be  exceeded  because 
of  the  tendency  of  such  work  to  '*  grow  "  as  it  is  assembled. 

(22)  Make  sure  that  stringers  connecting  to  floorbeams  beneath  the  flange  have  sufficient 
clearance  to  care  for  their  possible  over-run  in  depth. 

(23)  Have  the  assembling  of  trusses  and  girder  spans  required  by  the  specifications  carefully 
done  and  in  any  case  insure  the  accuracy  of  field  connections.  If  a  large  number  of  duplicate 
parts  are  to  be  made,  the  number  of  parts  to  be  assembled  should  be  governed  by  the  workmanship. 
If  errors  are  found,  a  sufficient  numoer  of  parts  should  be  assembled  to  make  it  reasonably  certain 
that  such  errors  have  been  eliminated. 

Have  through  girder  spans  with  I-beam  floors  partially  assembled  and  at  least  one  bracket 
bolted  in  its  final  position. 

*  American  Railway  Engineering  Assodation,  Adopted,  VoL  14,  1913,  and  Vol.  15,  1914. 
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Have  at  least  one  upper  and  lower  shoe  of  each  kind  assembled  and  make  sure  that  there  is 
no  interference. 

(24)  Make  sure  that  iron  templets  used  for  reaming  are  properly  set  and  held  to  line. 

(25)  Secure  match-marking  diagrams  for  work  which  has  been  assembled  and  reamed  and 
make  sure  that  the  match  marks  are  plainly  visible. 

(26)  Have  proper  camber  blocking  used  in  assembling  trusses  and  secure  the  desired  camber 
before  the  reaming  is  done. 

(27)  Require  that  all  treads  and  supports  for  the  drums  of  draw  spans  be  carefully  leveled 
with  an  instrument. 

(28)  Study  carefully  the  machine  details  and  discriminate  between  those  dimensions  which 
must  be  exact  and  those  in  which  slight  variations  are  permissible. 

Determine  in  advance  the  desired  accuracy  of  driving  fits  for  bolts  or  keys  and  similar  parts 
and  make  sure  that  such  accuracy  is  attained. 

(29)  Examine  castings  carefully  for  blowholes  and  other  imperfections  and  discriminate 
between  such  defects  as  are  unimportant  and  those  which  render  the  castings  unfit  for  use. 

(30)  Make  sure  that  bushings,  collars  and  similar  parts  are  held  securely  in  place. 

(31)  Make  sure  that  all  drum  wheels,  expansion  rollers,  turntable  rollers  and  similar  parts 
are  exact  in  size,  so  as  to  carry  equally  the  loads  which  may  be  placed  upon  them. 

(32)  Ascertain  in  advance  that  the  paint  provided  complies  with  specifications.  Watch 
carefully  the  painting  directions  and  make  sure  that  paint  is  properly  applied  and  only  where 
intended. 

(33)  Verify  all  shop  marks  and  make  sure  that  they  are  legible  as  well  as  correct. 

(34)  Have  important  members  so  loaded  as  to  be  headed  in  the  right  direction  upon  arrival 
at  the  site  of  the  work. 

(35)  '^ry^  ^  ^cv  countersunk  head  bolts  in  the  holes  where  they  are  to  be  used  to  insure  a 
proper  fit. 

(36)  Make  sure  that  small  pieces  are  bolted  in  place  for  shipment  as  shown  on  the  plans  and 
that  other  small  parts  are  properly  boxed  or  otherwise  secured  against  loss. 

(37)  Make  sure  that  rivets,  tie  rods,  anchor  bolts  and  miscellaneous  parts  are  shipped  so  as 
to  avoid  delay  m  erection. 

(38)  Examine  the  field  rivets  to  insure  that  they  are  free  from  fins  or  other  defects. 

(39)  Exercise  special  care  in  the  examination  of  all  movable  structures  and  particularly  their 
mo^dng  parts. 

(40)  Make  reports  weekly  or  as  directed,  exhibiting  carefully  and  concisely  the  actual  con- 
ditions. 

(41)  Observe  carefully  and  report  such  unusual  difficulties  as  may  be  encountered  and  the 
means  adopted  in  overcoming  them,  and  endeavor  by  a  study  of  the  details  or  other  means  to 
make  recommendations  which  will  prevent  their  recurrence  in  future  work. 

lilSCELLANBOUS  M£TALS.--The  physical  properties  of  the  following  metals  depend 
upon  whether  they  are  cast,  rolled,  or  drawn,  and  upon  the  details  of  manufacture,  and  the  values 
given  are  therefore  approximate. 

Aluminum  has  a  specific  gravity  of  2.58  to  2.7.  The  ultimate  tensile  strength  per  sq.  in.  is 
about  15,000  lb.  for  cast,  24,000  lb.  for  sheet,  and  30,000  to  65,000  lb.  for  aluminum  wire.  The 
elastic  limit  is  about  i  the  ultimate  strength.  The  modulus  of  elasticity  is  about  11,000,000  lb. 
per  sq.  in.  Aluminum  is  used  in  engineering  construction  principally  in  the  form  of  an  alloy. 
•  Copper  has  a  specific  gravity  of  8.6  to  8.9.  The  ultimate  tensile  strength  varies  from  36,000 
to  40,000  lb.  per  sq.  in.  for  soft  copper  wire  with  an  elongation  in  10  in.  of  35  to  20  per  cent;  to 
49,000  to  67,000  lb.  per  sq.  in.  for  hard-drawn  copper  wire  with  an  elongation  varying  from  3.75 
per  cent  in  10  in.,  to  an  elongation  of  0.85  per  cent  in  60  in.  Copper  is  also  used  in  an  alloy  with 
other  metals. 

Zinc,  or  spelter,  has  a  specific  gravity  of  about  7.00.  The  ultimate  tensile  strength  per  sq.  in. 
varies  from  3000  to  8000  lb.     It  is  used  for  galvanizing  and  for  making  alloys. 

Nickel  has  a  specific  gravity  of  about  8.8.     Nickel  is  used  principally  in  alloys. 

Tin  has  a  specific  gravity  of  about  7.35.  Tin  is  used  as  a  covering  for  iron  and  steel  sheets  and 
in  alloys. 

Lead  has  a  specific  gravity  of  about  11.4.    Lead  is  very  plastic  and  flows  easily  under  stress. 

ALLOTS. — An  alloy  is  a  combination  of  two  or  more  metals  made  by  mixing  them  when  in  a 
molten  condition.  Alloys  are  commonly  mechanical  mixtures;  although  some  have  a  slight  chem- 
ical union.    The  properties  of  alloys  depend  not  only  upon  the  ingredients,  but  upon  the  method  and 
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details  c£  mannlactiife.  It  is  impoaabk  to  predict  the  properties  ci  an  aDoy  from  the  properties 
of  the  metals  forming  it.  Many  alloys  are  aokl  under  trade  names  in  which  the  properties  depend 
both  on  the  proportions  of  the  ingredients  and  upon  the  details  of  manufacture.  The  most  im- 
portant alloys  used  by  the  structural  engineer  are  as  follows: 

Brass  is  an  alloy  of  copper  and  zinc  in  which  the  copper  varies  from  60  to  89  per  cent,  and 
the  zinc  from  40  to  1 1  per  cent.  A  small  amount  of  tin  is  sometimes  added  to  make  the  brass  more 
easily  worked.  The  tensile  strength  of  brass  is  greatest  (about  50,000  lb.  per  sq.  in.)  when  the 
composition  is  about  62  per  cent  copper  and  58  per  cent  zinc;  and  the  ductility  and  malleability 
are  greatest  when  the  composition  is  about  70  per  cent  copper  and  50  per  cent  zinc  A  widely  used 
brass  has  i  copper  and  i  zinc     • 

DtUa  metal  is  brass  with  i  to  3  per  cent  iron.  The  tensile  strength  of  delta  metal  is  about 
45,000  lb.  per  sq.  in. 

Tobim  bronze  is  brass  with  i  to  2  per  cent  iron^  and  small  amounts  of  lead  and  tin. 
^  Brontes  are  alloys  of  copper  and  tin  or  of  copper,  zinc  and  tin,  and  usually  have  small  quan- 

tities of  other  metals.  Bronzes  having  more  than  24  per  cent  tin  are  too  weak  to  be  used.  The 
tensile  strength  is  greatest  (23,000  lb.  per  sq.  in.)  when  the  composition  is  about  80  per  cent  copper 
and  20  per  cent  tin. 

Pk^i^ftiir  ftfimsr  is  an  alloy  of  copper  and  tin  containing  i  to  I  per  cent  phosphorus.  It  makes 
excellent  castings  and  is  very  hard.  The  ultimate  tensile  strength  varies  irom  50,000  to  100,000 
lb.  per  sq.  in. 

Aluminum  brante  is  an  alky  having  5  to  10  per  cent  aluminum  and  95  to  80  per  cent  copper. 
The  tensile  strength  varies  from  75,000  to  100,000  lb.  per  sq.  in. 

Manganese^onu  as  specified    by  the  American  Society  for  Testing   Materials  contains, 

'    copper  55  to  65  per  cent,  zinc  39  to  45  per  cent,  iron  not  over  2  per  cent,  tin  not  over  2  per  cent, 

aluminum  not  over  0.5  per  cent,  manganese  not  over  0.5  per  cent.    The  ultimate  tensile  strength 

of  standard  test  pieces  cut  from  manganese-bronze  ingots  shall  not  be  less  than  70,000  lb.  per  sq.  in., 

with  an  elongation  in  2  in.  of  not  less  than  20  per  cent. 

TIMBER. — ^For  definitions  of  terms,  standard  def  cts,  specifications  and  allowable  stresses 
in  timber,  see  Chapter  VII. 

STONE  MASOHRT. — ^For  definitions  of  terms  used  in  masonry  construction  and  for  speci- 
ficadons  for  different  classes  of  stone  masonry,  see  Chapter  VI. 

For  the  allowable  pressure  on  masonry,  see  Table  IV,  Chapter  V,  and  for  the  weight,  specific 
gravity  and  crushing  strength  of  masonry,  see  Table  V.  Chapter  V;  also  see  Table  VIII,  Chapter 
II.     For  an  exhaustive  treatise  on  brick  and  stone  masonry  see  Baker's  "  Masonry  Construction." 

CONCRETE. — ^The  average  strei^ths  of  different  mixtures  of  Portland  cement  concrete  as 
given  in  Report  of  the  Committee  on  Reinforced  Concrete  of  the  American  Society  of  Civil 
Engineers,  1913,  are  given  in  Table  II. 


]^ 


TABLE  II. 

• 

Aggregate                                                   1:1:2 

i:ij:3 

1:2:4 

1:^:5 

1:3:6 

Gfanite,  trap  rock                                               3300 

2800 

2200 

1800 

1400 

Oavel,  hard  hmestone  and  hard  sandstone        3000 

2500 

2000 

1600 

1300 

1800 

1500 

1200 

1000 

Cinders                                                                800 

700 

600 

500 

400 

Specifications  for  concrete  are  given  in  Chapter  V,  and  specifications  for  reinforced  concrete 
are  given  in  Chapter  VI. 

Worldiig  StTMiet.— The  foHowii^  working  stresses  have  been  recommended  by  the  American 
Railway  Engineering  Association  for  concrete  that  will  develop  an  average  compressive  strength 
of  at  least  2000  lb.  per  sq.  in.  when  tested  in  cytinders  8  in.  in  diameter  and  1 6  in.  kmg  and  28  days 
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old,  nnder  laboratory  conditioiis  of  nmnufactcire  and  storage,  the  mixture  being  of  the  same  con- 
sistency as  is  used  in  the  field. 

Lb.  per 

8q.  in. 

Stmctoral  steel  in  tension 14,000 

High  carbon  steel  in  tension 17,000 

Sti^  in  compression,  15  times  the  compressive  stress  in  the  surrounding  concrete. 

Concrete  in  bearing  where  the  surface  is  at  least  twice  the  loaded  area 700 

Concrete  in  direct  campressiQn,  without  reinforoement  on  lengths  not  exceeding  6  times 

the  least  width 450 

Concrete  in  direct  compression  with  not  less  than  i  per  cent  nor  over  4  per  cent  longitudinal 

reinforcement  on  lengths  not  exceeding  12  times  the  least  width 450 

Concrete  in  compression,  on  extreme  fiber  in  cross  bending 750 

Concrete  in  shear,  uncombined  with  tension  or  compression  in  the  concrete 120 

Concrete  in  shear,  where  the  shearing  stress  is  used  as  a  measure  of  the  web  stress 40 

Note. — The  Umit  of  shearing  strcsoea  in  the  concrete,  even  when  thoroughly  reinforced 

for  shear  and  diagonal  tension,  should  not  exceed 120 

Bond  for  plain  bars 80 

Bond  for  drawn  wire 40 

Bond  for  deformed  bars,  depending  on  the  form 100-150 

The  following  working  stresses  have  been  recommended  by  the  Committee  on  Concrete  and 

Reinforced  Concrete  of  the  American  Society  of  Civil  Engineers,  Proceedings,  vol.  XXXIX, 

February,  1913. 

Per  ooit  of  com-  Lb.  per 

prenive  streagth  oq.  in. 

Structuxal  steel  in  tension 16,000 

Concrete  in  compression  where  the  surface  is  at  least  twice  the  loaded  area  32.5 
Concrete  for  concentric  compression  on  a  plain  concrete  column  or  pier,  the 

length  of  which  does  not  exceed  12  cUameters 22.5 

Compression  on  columns  with  longitudinal  reinforcement  only,  to  the 
extent  of  not  less  than  i  per  cent  and  not  more  than  4  per  cent;  the 

length  of  the  column  shall  not  exceed  12  diameters 22.5 

Compression  on  columns  with  reinforcement  of  bands,  hoops  or  spirals 
having  not  less  than  i  per  cent  of  the  volume  of  the  column,  the  clear 
spacing  of  the  hooping  to  be  not  greater  than  one-sixth  of  the  diameter 
of  the  encased  column  and  preferably  not  greater  than  one-tenth,  and 
in  no  case  more  than  2^  in.,  the  ratio  of  the  unsupported  length  of 

column  to  diameter  of  hooped  core  to  be  not  more  than  8 27 

Compression  on  columns  reinforced  with  not  less  than  i  per  cent  and  not 
more  than  4  per  cent  of  longitudinal  bars  and  with  bands,  hoops  or 
spirab  as  above  specified,  where  the  ratio  of  unsupported  length  of 

column  to  diameter  of  hooped  core  is  not  more  than  8 32.625 

Compression  on  extreme  fiber  of  a  beam,  calculated  for  constant  modulus 
of  elasticity  (stresses  adjacent  of  the  supports  of  continuous  beams 

may  be  15  per  cent  higher) 32.5 

Shear  in  beams  with  horizontal  reinforoement  or  without  reinforcement ...     2 
Shear  in  beams  thoroughly  reinforced  with  web  reinforcement  (the  web 
reinforcement  exclusive  of  bent-up  bars  to  be  designed  to  resist  two- 
thirds  the  external  shear) 6 

Shear  in  beams  retnforoed  with  bent-up  bars,  only 3 

Punching  shear,  only 6 

Bond  stress  between  concrete  and  plain  reinforcing  bars 4 

Bond  stress  between  concrete  and  drawn  wire 2 

The  modulus  of  elasticity  to  be  taken  for  the  design  as  follows: 

(a)  One-fifteenth  that  of  steel  where  the  strength  of  the  concrete  is  taicen  as  2200  lb.  per  sq.  in., 

or  less. 

(b)  One-twelfth  that  of  steel  where  the  strength  of  the  concrete  is  taken  greater  than  2200  lb. 

per  sq.  in.  or  less  than  2900  lb.  per  sq.  in. 

(c)  One-tenth  that  of  steel  where  the  strength  of  concrete  is  taken  as  greater  than  3900  lb. 

per  sq.  in. 
In  calculating  deflection  take  one-eighth  of  the  modulus  of  elasticity  of  steel. 
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STANDARD  SPECIFICATIONS  FOR  CEMENT 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  i6,  1909. 

1.  General  Observations.  These  remarks  have  been  prepared  with  a  view  of  pointinp:  out 
the  pertinent  features  of  the  various  requirements  and  the  precautions  to  be  observed  in  the  inter- 
pretation of  the  results  of  the  tests. 

2.  The  Committee  would  suggest  that  the  acceptance  or  rejection  under  these  specifications 
be  based  on  tests  made  by  an  experienced  person  having  the  proper  means  for  making  the  tests. 

3.  Specific  Gravity.  Specific  gravity  is  useful  in  detecting  adulteration.  The  results  of 
tests  of  specific  gravity  are  not  necessarily  conclusive  as  an  indication  of  the  quality  of  a  cement, 
but  when  in  combination  with  the  results  of  other  tests  may  afford  valuable  indications. 

4.  Fineness.    The  sieves  should  be  kept  thoroughly  dry. 

5.  Time  of  Setting.  Great  care  should  be  exercised  to  maintain  the  test  pieces  under  as 
uniform  conditions  as  possible.  A  sudden  change  or  wide  range  of  temperature  in  the  room  in 
which  the  tests  are  made,  a  very  dry  or  humid  atmosphere,  and  other  irregularities  vitally  affect 
the  rate  of  setting. 

6.  Constancy  of  Volume.  The  tests  for  constancv  of  volume  are  divided  into  two  classes, 
the  first  normal,  the  second  accelerated.  The  latter  should  be  regarded  as  a  precautionary  test 
only,  and  not  infallible.  So  many  conditions  enter  into  the  making  and  interpreting  of  it  that 
it  should  be  used  with  extreme  care. 

7.  In  making  the  pats  the  greatest  care  should  be  exercised  to  avoid  initial  strains  due  to 
molding  or  to  too  rapid  drying-out  during  the  first  twenty-four  hours.  The  pats  should  be  pre- 
served under  the  most  unUorm  conditions  possible,  and  rapid  changes  of  temperature  should  be 
avoided. 

8.  The  failure  to  meet  the  requirements  of  the  accelerated  tests  need  not  be  sufiicient  cause 
for  rejection.  Thecem::nt  may,  however,  be  held  for  twenty-eight  days,  and  a  retest  made  at  the 
end  of  that  period,  using  a  new  sample.  Failure  to  meet  the  requirements  at  this  time  should  be 
considered  sufficient  cause  for  rejection,  although  in  the  present  state  of  our  knowledge  it  cannot 
be  said  that  such  failure  necessarily  indicates  unsoundness,  nor  can  the  cement  be  considered 
entirely  satisfactory  simply  because  it  passes  the  tests. 

SPECIFICATIONS. 

1.  General  Conditions.    All  cement  shall  be  inspected. 

2.  Cement  may  be  inspected  either  at  the  place  of  manufacture  or  on  the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the  cement  should  be  stored  in  a 
suitable  weather-tight  building  having  the  floor  properly  blocked  or  raised  from  the  ground. 

4.  The  cement  shall  be  stor^  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection 
and  identification  of  each  shipment. 

5.  Every  facility  shall  be  provided  by  the  Contractor  and  a  period  of  at  least  twelve  days 
allowed  for  the  inspection  and  necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages  with  the  brand  and  name  of  manufacturer 
plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  pounds  of  cement  net.  Each  barrel  of  Portland  cement 
shall  contain  4  bags,  and  each  barrel  of  natural  cement  shall  contain  3  bags  of  the  above  net  weight. 

8.  Cement  failing  to  meet  the  seven-day  requirements  may  be  held  awaiting  the  results  of 
the  twenty-eight-day  tests  before  rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods  proposed  by  the  Committee  on 
Uniform  Tests  of  Cement  of  the  American  Society  of  Civil  Engineers,  presented  to  the  Society 
January  21, 1903,  and  amended  January  20, 1904,  and  January  15, 1908,  with  all  subsequent  amend- 
ments thereto.     (See  addendum  to  these  specifications.) 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following  requirements: 

NATURAL  CEMENT. 

11.  Definition.  This  term  shall  be  applied  to  the  finely  pulverized  pixxluct  resulting  from 
the  calcination  of  an  argillaraous  fimestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 
acid  gas. 

12.  Fineness.  It  shall  leave  by  weight  a  lesidue  of  not  more  than  10  per  cent  on  the  No.  100, 
and  30  per  cent  on  the  No.  200  sieve. 
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13.  Time  of  Bettiiig.  It  sbah  not  develop  initial  set  in  less  than  ten  minutes;  and  shall  not 
develop  bard  set  in  leas  than  thirty  minutes,  or  in  more  than  three  hours. 

14.  Teoale  Stcoigth.  The  minimum  requirements  for  tensile  strcn^rth  for  briquettes  one 
square  inch  in  crass  aection  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  penods  specified: 

Age,                                                   Ueat  CememL                                               Sirmgtk, 
24  hours  in  moist  air 75  lb. 

7  days  (I  day  in  moist  air,    6  days  in  water) 150  ** 

28  days  (I     **  **       "    27     **  **     ) 250" 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 

7  days  (i  day  in  moist  air,    6  days  in  water) 5<5  lb. 

28  days  (I '27     "  "     ) 125" 

15.  CoDrtnuy  of  Yolmne.  Pieds  of  neat  cement  about  three  inches  in  diamet(!r,  one-half 
inch  thick  at  center,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty-four 
hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature. 

(6)  Another  is  kept  in  water  majntained  as  near  70°  F.  as  piacticable. 

16.  Tiieae  pats  are  observed  at  intervals  for  at  least  28  da^'s,  and,  to  satisfactorily  pass  the 
tests,  diall  remain  firm  and  liard  and  diow  no  signs  of  distortion,  checking,  cracking,  or  disinte- 
grating. 

PORTLAND  CEMENT. 

17.  Dnftnitian.  This  term  is  applied  to  the  finely  pulverised  product  Tx^ulting  from  the 
calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argillaceous  and 
calcareous  materials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made  subsequent 
to  calcination. 

18.  Specific  Qnrvity.  The  qiedfic  gravity  of  cement  shall  not  be  less  than  3.10.  Should  the 
test  of  cement  as  received  £all  b^ow  this  requirement,  a  second  test  may  be  made  upon  a  sample 
ignited  at  a  low  red  heat.     The  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent. 

19.  Fmeness.  It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent  on  the  No.  too, 
and  not  more  than  25  per  cent  on  the  No.  200  sieve. 

20.  Time  of  Setting.  It  shall  not  develop  initial  set  in  less  than  thirty  minutes;  and  must 
develop  hard  set  in  not  less  than  one  hour,  nor  more  than  ten  hours. 

21.  Tensile  SUeugCk.  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
square  inch  in  cross  section  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  specified: 

i4fe.                                                      Neai  CemenL                                               Strength. 
24  hours  in  moist  air 175  lb. 

7  days  (i  day  in  moist  air,    6  days  in  water) 500  " 

28  days  (I    "  "      "     27     *  "      ) 600  " 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 

7  days  (i  day  in  moist  air,    6  days  in  water) 200  lb. 

28  days  (I    "  "      "     27    "  "      ) 275" 

22.  Constaaqr  <rf  Vdumc  Pats  of  neat  cement  about  three  inches  in  diameter,  one -half 
inch  thick  at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty- 
four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals  for  at  least  28 
days. 

(b)  Another  pat  is  kept  in  water  maintained  as  near  70*  F.  as  practicable,  and  observed  at 
intervals  for  at  least  28  days. 

(c)^  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam,  above  boiling 
water,  in  a  loosely  closed  vessel  for  five  hours. 

23.  These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  checking,  cracking,  or  disintegrating. 

24.  Sniphoric  Add  and  Magnesia.  The  cement  shaU  not  contain  more  than  1.75  per  cent 
of  anhydrous  sulphuric  add  (SOi),  nor  more  than  4  per  cent  of  magnesia  (MgO). 


CHAPTER  XVL 
Structural  Mechanics. 

GENERAL  NOMENCLATURE.— The  following  nomenclature  will  be  used  for  all  materials 
except  reinforced  concrete,  for  which  a  special  notation  is  given. 
A  —  area  of  cross  section. 

/  —  length  or  span. 
L  a  length  or  span. 

b  =  breadth  of  rectangular  section. 

d  s  depth  of  section;  diameter  of  rivet. 

/  =>  thickness  of  plates,  etc. 
R  =  radius  of  circle. 
D  a  diameter  of  circle. 

h  =  height  of  wail. 

c  —  distance  from  neutral  axis  to  extreme  fiber. 

A  »  total  deformation  in  length  /,  or  maximum  deflection  of  beams. 

5  =  unit  deformation. 

X  =  horizontal  coordinate  of  elastic  curve;  variable. 

y  s  vertical  coordinate  or  deflection  of  elastic  curve;  variable.  ^  ' 

e  —  eccentricity;  efficiency. 

/  =  moment  of  inertia. 
le  =  polar  moment  of  inertia. 

/  =  pixxluct  of  inertia. 
5  —  section  modulus. 

f  —  radius  of  gyration. 

p  =  pitch  of  rivets. 

P  —  concentrated  load  or  total  stress  in  a  member. 

/  =5  unit  fiber  stress. 
fe  «  unit  compressive  fiber  stress. 
ft  as  unit  tensile  fiber  stress. 
fp  a  unit  shearing  fiber  stress. 

W  =  total  uniformly  distributed  load;  weight  of  a  body. 

w  a  uniformly  distributed  load  per  unit  of  length;  load  per  unit  of  lengch  at  a  distance 
unity  from  left  end  for  a  uniformly  varying  load;  unit  internal  pressure. 
R  «  reactions  at  supports. 
Ms  —  moment  at  any  section. 
M  s  maximum  moment. 
Vs  "»  total  shear  on  any  section. 
V  »  maximum  total  shear. 
E  «  modulus  of  elasticity. 
G  s  shearing  modulus  of  elasticity. 

X  =  Poisson's  ratio. 
+  —  compressive  stress. 
—  =  tensile  stress. 
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REINFORCED   CONCRETE   NOMENCLATURE.      Rectangular  Beams,  Relnforceci  for 
Tension  Only.  « 

/«  »  tensile  unit  stress  in  steel,  in  pounds  per  square  inch. 

/«  «  compressive  unit  stress  in  concrete,  in  pounds  per  square  inch. 
£«  =  modulus  of  elasticity  of  steel,  in  pounds  per  square  inch. 
Ee  =  modulus  of  elasticity  of  concrete,  in  pounds  per  square  inch. 

n  =  elasticity  ratio,  £,  -r  Ee. 
M  s  bending  moment,  in  inch-pounds. 
Mm  »  moment  of  resistance  of  steel,  in  inch-pounds. 
Mc  —  moment  of  resistance  of  concrete,  in  inch-pounds. 

A  ss  area  of  steel  section,  in  square  inches. 

b  B  width  of  beam,  in  inches. 

d  =  depth  of  beam  to  center  of  steel  reinforcement,  in  inches. 

k  =  ratio  of  depth  of  neutral  axis  to  effective  depth,  d. 

j  =  ratio  of  arm  of  resisting  couple  to  depth,  d. 

p  =  steel  ratio  (not  percentage),  A  -ir  bd. 

C  s  total  compressive  stress  in  concrete,  in  pounds. 

T  =  total  tensile  stress  in  steel,  in  pounds. 
Tee  Beams. 

b  s  width  of  flange,  in  inches. 
b'  =  width  of  stem,  in  inches. 

/  —  thickness  of  flange,  in  inches. 

P  =  steel  ratio  (not  percentage),  A  +  bd. 
See  also  "  Rectangular  Beams  Reinforced  for  Tension  Only." 
Rectangular  Beams,  Reinforced  for  Compression. 
A'  =  area  of  compressive  steel,  in  square  inches. 
p'  =  steel  ratio  for  compressive  steel,  A'  -r  bd. 
/«'  »  unit  compressive  stress  in  steel,  in  pounds  per  square  inch. 

C  »  total  compressive  stress  in  concrete,  in  pounds. 
C  =  total  compressive  stress  in  steel,  in  pounds. 

T  B  total  tensile  stress  in  steel,  in  pounds. 

d'  «B  depth  to  center  of  compressive  steel,  in  inches. 

2  B  depth  to  resultant  of  compressive  stresses,  in  inches. 
See  also  **  Rectangular  Beams  Reinforced  for  Tension  Only." 
Shear  and  Bond. 

V  «  total  shear  in  pounds. 

/«  »  unit  shearing  stress  in  concrete,  in  pounds  per  square  inch. 
fn  »  unit  bonding  stress  in  concrete,  in  pounds  per  square  inch. 
So  »  sum  of  the  perimeters  of  the  tension  bars,  in  inches. 

s  »  horizontal  spacing  of  stirrups. 

P  B  total  stress  carried  by  one  sdrnip. 
Columns. 
A  »  total  net  area,  in  square  inches. 
i4«  »  area  of  longitudinal  steel,  in  square  inches. 
i4«  «  area  of  concrete,  in  square  inches. 

p  «  steel  ratio,  A,  •¥  A. 

P  »  total  axial  load,  in  pounds. 
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DEFINITIONS. — ^The  following  definitions  will  be  of  service  in  a  study  of  structural  me- 
chanics. 

Forces. — ^Forces  are  concurrent  when  their  lines  of  action  meet  in  a  point;  non-concurrent 
when  their  lines  of  action  do  not  meet  in  a  point.  Forces  are  coplanar  when  they  lie  in  the  same 
plane;  or  non-coplanar  when  they  lie  in  different  planes.  Coplanar  forces  only  will  be  here  con- 
sidered.   A  force  is  fully  defined  when  its  amount,  its  direction,  and  position  are  known. 

Moment  of  Forces. — The  moment  of  a  force  about  a  point  is  its  tendency  to  produce  rotation 
about  that  point,  and  is  the  product  of  the  force  and  the  perpendicular  distance  of  the  point  from 
the  line  of  action  of  the  force. 

Couple. — ^A  couple  is  a  pair  of  equal  and  opposite  forces  having  different  lines  of  action. 
The  moment  of  a  couple  is  equal  to  the  product  of  one  of  the  forces  by  the  distance  between  the 
lines  of  action  of  the  forces,  or  the  arm  of  the  couple. 

Stress. — If  a  body  be  conceived  to  be  divided  into  two  parts  by  a  plane  traversing  it  in 
any  direction,  the  force  exerted  between  these  two  parts  at  the  plane  of  division  is  an  internal 
stress.  Stress  is  force  distributed  over  an  area  in  such  a  way  as  to  be  in  equilibrium.  Stresses 
are  measured  in  pounds,  tons,  etc. 

Unit  Stress  is  the  measure  of  intensity  of  stress.  The  unit  stress  at  any  point  is  the  number 
of  units  of  stress  acting  on  a  unit  of  area  at  that  point.  Unit  stresses  are  expressed  in  pounds 
per  square  inch,  tons  per  square  foot,  etc. 

Ultiinate  Stress. — Ultimate  stress  is  the  greatest  stress  which  can  be  produced  in  a  body 
before  rupture  occurs. 

Tension  is  the  name  for  the  stress  which  tends  to  prevent  the  two  adjoining  parts  of  a  body 
from  being  pulled  apart  when  the  body  is  acted  upon  by  two  forces  acting  away  from  each  other. 

Compression  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  parts  of  a  body  from 
being  pushed  together  under  the  influence  of  two  forces  acting  toward  each  other. 

Shear  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  planes  of  a  body  from 
sliding  on  each  other  under  the  influence  of  two  equal  and  parallel  forces  acting  in  opposite  direc- 
tions. 

Axial  Stresses. — ^When  the  external  forces  producing  tension  or  compression  act  through 
the  center  of  a.  gravity  of  the  body  the  stresses  are  uniformly  distributed  over  the  area,  and  the 
stresses  are  axial  stresses. 

Simple  Stress. — If  P  »  the  force  producing  tension,  compression,  or  shear  and  A  »  the 
area  over  which  the  stress  is  distributed,  then 

fi  =  PIA;    fc  =  P/A;    f,  ^  P/A, 

where  ft  is  tensile  stress,  /« is  compressive  stress,  and  fv  is  shearing  stress. 

Working  Stress. — ^The  working  stress  for  any  material  is  the  unit  stress  that  has  been  found 
by  experiment  to  be  safe  to  allow  for  that  particular  material  to  give  a  properly  designed  struc- 
ture. The  working  stress  for  any  particular  structure  depends  upon  the  material  of  which  the 
structure  is  built,  the  loads  that  the  structure  is  to  carry,  the  accuracy  with  which  the  loads  and 
stresses  have  been  calculated,  the  possible  defects  in  the  material,  etc. 

Factor  of  Safety. — ^The  factor  of  safety  is  the  number  by  which  the  ultimate  stress  must  be 
divided  to  give  the  working  stress. 

Deformation  or  Strain  is  the  change  in  the  shape  of  a  body  caused  by  the  action  of  an  ex- 
ternal force.  Deformation  or  strain  is  measured  in  linear  units.  Deformation  may  be  due  to 
tension,  elongation;  due  to  compression,  shortening;  or  due  to  shear,  detrusion  or  slipping  of  one 
plane  past  another. 

Elasticity. — Up  to  a  certain  stress  in  an  elastic  body  it  has  been  found  by  experiment  that 
stress  is  proportional  to  strain.    This  principle  is  known  as  "  Hooke's  Law."    The  ability  of  a 
body  to  return  to  its  original  form  after  deformation  is  termed  elasticity.     If  the  stress  in  a  body 
is  carried  beyond  a  certain  limit  the  body  does  not  return  to  its  original  form,  but  a  r 
set  occurs. 
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\  Limit — ^The  elastic  limit  of  a  material  is  the  highest  unit  stress  to  which  that  material 
may  be  subjected  and  still  return  to  its  original  shape  when  the  stress  is  removed,  and  is  the 
limit  within  which  the  stresses  are  directly  proportional  to  the  deformations. 

Yield  Point — In  testing  materials  a  point  is  reached  beyond  the  elastic  limit  where  unit 
elongations  increase  very  rapidly  without  any  or  with  a  very  slight  increase  in  unit  stress.  This 
nuint  is  indicated  by  the  drop  of  the  scale  beam  of  the  testing  machine.  In  steel  the  yield  point 
is  from  three  to  six  thousand  pounds  per  square  inch  above  the  elastic  limit. 

Modtthtt  of  Bkttidty* — ^The  modulus  of  elasticity  of  a  material  is  the  ccMistant,  which  within 
the  elastic  limit  expresses  the  ratio  between  the  unit  stress  and  unit  strain  or  deformation.  If 
R  •>  modulus  of  elasticity*  ^  »  an  axial  force;  A  »  cross  sectional  area  of  the  bar,  /  »  unit 
•trvM  «  PIA;A^  defbrmatkm  produced  by  P  in  a  length  /,  and  i  «  A/I;  then 

fi-(PM)/(A//)    or    £-//«. 

The  modulus  of  elastictty  may  be  defined  as  that  force,  were  Hooke's  law  applicable  without 
limit*  which  wiHikl  produce  in  a  bar  with  a  ctoss  section  of  one  square  inch  a  deformatiott  equal 
to  itt»  orintinal  length. 

The  modoltts  of  elasticity  of  steel  is  very  closely  £  »  30»ooo»ooo  lb.  per  sq.  in.;  the  modulus 
«if  elaslictiy  of  timber  is  approximately  E  »  i,50o»ooo  Ibk  per  sq*  in.;  while  the  modulus  of  elas- 
ticity of  ixmcfete  \-ttries  from  £  »  l^^oixooo  ttk  per  sq*  in.  to  £  »  3.000,000  lb.  per  sq.  in.  with 
an  avem^e  ^-nlue  1^  K  •  i«ooo^ooo  IK  per  sq.  in. 

SlMuiic  Mo^iliit  of  Ikstkity*— The  shcnring  modnhn  of  eiistkity.  also  called  the  modulus 
of  n^iditv,  k  the  modnlus  expitastng  the  ntw  between  nnit  sfcgnring  stress  and  unit  shearing 
strain.  The  vnhie  v>f  shearing  modulus  of  elasticity  for  stcd  is  abont  I  of  the  vafaie  of  £,  or 
i»  •  lt«00kv^vi>  IK  per  sq.  in. 

FoiMin^  IbMiOw— l>iKv*t  stn«s  prodncta  a  strain  in  its  own  dnecikm  and  an  opposite  kind 
of  strain  in  e>ntry  dirvction  perpmdicnlar  to  its  own.  For  example  a  bar  oaler  tia  ih  stress 
C'Xtmik  kmifiilndinatty  and  cv>ntmct«  lsle«aU\\  IVtsson's  ratio  is  the  ratio  of  lateral  strain  to 
KMnnitndinal  ittnisL  and  «t  a  <\>flHtnnt  Mow  ili^  elasdc  limit.  For  stcd  IVmnns  mtio  is  i  to  i, 
wlide  Ky  vNMn.fvtir  it  W  from  1 1»  ;^ 

IbifNtt  SMOftk.  —In  t««tii^  steel  tW  crvMS  sectional  aren  tapaiSr  dmimnj^  beyosnl  the 
nltima^^  itwsa  and  tf  thte  ini^tnt^  4tm»  be  dl^iied  by  tl»  oc^finil  crosa  wriiimBi  aien  the  nnit 
stitva  at  tni^m^  wil  be  W«s  tlhsn  the  o^tinaste  stteas. 

QMmnit  miwmnKMl  —  rW  n^waute  iltN^rxauioin  b  tl»  rxal  defxaacuin  is  a  pRscribed 
WnifttW vN>nMNKWi^  $ iinclirsi. v>r  1  incWH^    Ui»ifenaftI)S  e'«pciKsed9a;«ronc>.Yala||thof  Si 
^  \^  ^  wnrlirs.. 

W«i^  or  IMttnnin  in  n  Imw— TW  anaMMft  v^t*  wvck  c^mt  cna  Se  jr.^m2  a^  is  a  body  \ 
^ftv$^  w%tlii^  iWr  triartv  V«tt*  i»  v^a>vl  «ir«^iwin.>r  or  "  viorrva:  wvc^  "^    lii^Kn  the  emrtwal  focce 
Wft»  Nhtn  (fmimits  ai^^^Kxl  xt  ;Wt  w\>K  «ml>i  Sr  nrvwrnri  wWat  tW  >.'««  »  «Bn.^wL 

F^'na  tWr  kw  v^  HVifeiirr>^sK>.>n  >«<  <^>r^>  tW  exsvrsMk  wvrt:  >dae  ^^  cW  Mce  i»  ei^nU  to  tbe 
nrutf&f  n>.>r  v»  ^ncyt^w^  wvei.  baX>*i  T  «» ^mpt.x'rc^  as  tV  V-^wgc  <m£  x  a  St  wiAwat  mj^hc  hav. 
Mi^  a  Wsicilh  •  a*l  a  v^>*»  nrvri^-iafc'  jn«  t  tV*  :W  rH»f«-iiii  wvc^  w:^  ^  i-?^-^.  witw  A  «  tlie 
tv'^A'  ^l(<MnMiftv«ik  aai4  tW  '«Of*^afcr  w%^  ^-c  •<r»aiV«.>t  ^'II  >r 

^  V  t  .*         *  V  •    -•^  ^  \  -* 

whMi  ^"^  **  il^iTitx  "^yMtk  /t  v>ir  tia\^*%t.*  -Wmi  x^*    ^  ts  x'^tntv  rlw  h.^«niJ»s'  rt  f^  wnwin 

$miimi>  «in^  «^  ^>>fcin  i4«il^  :  »  *  \»  j^^^v  vw  >«  a  <:*.  x-  inmt»  ?"  ^radabTr  a^c&d. 
tV  ^.'*  i"  ^Wli*^'^  ^nt  >v  )k  «  fJk  ''  '  K  ^^^*r  *"  r^^  '««nnrt''t»v  ««.nnKV  wr  ^1  hw«  X  *  A.  P. 
•-v^  %*Vv^  V  t%  ^«^(«  ,ViK  ,-W  '«^-'«*^  .iv^ilsk'yM'  ^'  »  i*tM*A.^  ii^mt  fr  .^vf    lac  Tfj*rtii»i  r?  a  Vr%ad 
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Impact. — ^The  stresses  due  to  moving  loads  are  greater  than  the  stresses  due  to  loads  at  rest. 
The  increase  in  stress  of  the  moving  load  over  the  load  at  rest  is  called  impact.  For  a  discussion 
of  impact  stresses  in  railway  bridges  see  page  i6i,  Chapter  IV. 

STRESSES  IN  BEAMS. — ^When  a  straight  beam  or  bar  is  supported  near  the  ends  and 
carries  loads  or  forces  applied  transverse  to  the  length  of  the  axis  of  the  beam  or  bar,  the  axis 
of  the  member  assumes  a  curve.  The  transverse  loads  or  forces  are  carried  by  flexure,  which  is  a 
combination  of  the  three  simple  stresses  of  tension,  compression  and  shear.  For  example,  a  simple 
beam  resting  horizontally  on  supports  carries  a  concentrated  load.  The  fibers  on  the  lower  or 
convex  side  of  the  beam  will  be  elongated  and  are  therefore  in  tension,  while  the  fibers  on  the 
upper  or  concave  side  are  shortened  and  are  therefore  in  compression.  Shear  is  taking  place 
between  each  vertical  plane  of  the  beam  and  the  plane  adjoining  between  the  load  and  each 
support.  Since  the  longitudinal  stresses  in  a  simple  beam  vary  from  a  maximum  compression 
on  the  concave  side  to  a  maximum  tension  on  the  convex  side,  the  stresses  will  pass  through 
rero  on  some  plane,  called  the  neutral  plane  or  axis.  Also  since  the  fibers  on  each  side  of  the 
neutral  axis  carry  different  amounts  of  stress,  they  will  lengthen  or  shorten  different  amounts, 
and  there  will  therefore  be  horizontal  shearing  stresses  as  well  as  vertical  shearing  stresses. 

Neutral  Surface  and  Neutral  Axis. — Under  flexure  a  beam  is  curved,  and  the  fibers  on  the 
concave  side  are  in  compression  while  the  fibers  on  the  convex  side  are  in  tension.  The  neutral 
surface  is  a  surface  on  which  the  fibers  have  zero  stress,  and  the  neutral  axis  is  the  trace  of  this 
plane  on  any  longitudinal  section  of  the  beam.  In  a  simple  horizontal  beam  carrying  vertical 
loads  the  neutral  axis  passes  through  the  center  of  gravity  of  the  cross  section  of  the  beam,  for  a 
rectangular  beam  the  neutral  axis  is  at  half  the  height  of  the  beam.  Where  a  beam  carries  loads 
that  are  not  at  right  angles  to  the  neutral  axis  of  the  beam,  the  beam  is  in  equilibrium  under 
flexure  and  direct  stress,  and  the  neutral  axis  or  line  of  zero  stress  will  not  pass  through  the  center 
of  gravity  of  the  cross  section  of  the  beam,  and  may  fall  entirely  outside  the  beam.  A  bar  carrying 
simple  tension  or  compression  may  be  considered  as  a  beam  in  which  the  neutral  axis  is  at  an 
infinite  distance  from  the  center  of  gravity  of  the  cross  section  of  the  beam. 

Reactions. — ^For  any  structure  to  be  in  equilibrium,  (i)  the  sum  of  the  horizontal  components 
of  all  forces  acting  on  the  beam  must  equal  zero,  (2)  the  sum  of  the  vertical  components  of  all 
forces  acting  on  the  beam  must  equal  zero,  and  (3)  the  sum  of  the  moments  about  any  point  of 
all  forces  acting  on  the  beam  must  be  equal  to  zero.  Having  the  loads  given  the  reactions  can 
be  calculated  by  applying  the  three  conditions  of  equilibrium. 

Vertical  Shear. — ^The  vertical  shear  in  a  beam  is  equal  to  the  algebraic  sum  of  the  forces 
(reaction  minus  the  loads)  on  the  left  of  the  section  considered. 

Bending  Moment. — ^The  bending  moment  at  any  section  of  a  beam  is  equal  to  the  algebraic 
sum  of  the  moments  of  the  reaction  and  the  loads  on  the  left  of  the  section. 

Relations  between  ^ear  and  Bending  Moment — In  a  simple  beam  carrying  vertical  loads 
the  shear  is  a  maximum  at  the  supports  and  passes  through  zero  at  some  intermediate  point  in 
the  beam.  The  bending  moment  is  zero  at  the  supports  and  is  a  maximum  at  some  intermediate 
point  in  the  beam.  The  shear  is  the  algebraic  sum  of  all  the  forces  on  the  left  of  a  section,  while 
the  bending  moment  may  be  defined  as  the  algebraic  sum  of  all  the  shearing  stresses  on  the  left 
of  the  section.  The  definite  integral  of  the  loads  to  the  left  of  the  section  equals  the  shear  at  the 
section,  and  the  definite  integral  of  the  shear  to  the  left  of  the  section  is  equal  to  the  bending 
moment  at  the  section.  From  the  above  it  will  be  seen  that  maximum  bending  moment  will 
come  at  the  point  of  zero  shear. 

Formulas  for  Flexure. — ^Applying  the  conditions  for  static  equilibrium  to  any  cross  section 
of  a  beam  we  have,  (i)  Sum  of  Tensile  Stresses  =  Sum  of  Compressive  Stresses;  (2)  Resisting 
Shear  =  Vertical  Shear;  (3)  Resisting  Moment  =  Bending  Moment. 

Resisting  Shear. — If  the  shearing  stresses  are  uniformly  distributed  the  shearing  stress 
will  be 

U  -   VIA.  (1) 
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The  shearing  stresses  are  not  uniformly  distributed  and  for  a  rectangular  beam  /,  »»  fV/ii, 
while  in  a  circular  beam/,  =  iV/A, 

Resisting  Moment — The  bending  moment  at  any  section  is  resisted  by  the  moment  of  the 
tensile  and  compressive  stresses  which  act  as  a  couple  with  an  arm  equal  to  the  distance  between 
the  centroids  of  the  tensile  and  compressive  stresses.  The  moment  of  this  internal  couple  is 
called  the  resisting  moment.  If  /  —  the  unit  stress  at  any  extreme  fiber  on  the  surface  of  the 
beam  due  to  bending  moment,  c  »  distance  from  that  fiber  to  the  neutral  axis,  and  M  =  the 
bending  moment,  or  the  resisting  moment,  then 

(2) 

where  /  «  the  moment  of  inertia  of  the  cross  section  of  the  beam. 

Moment  of  Inertia. — ^The  moment  of  inertia  of  any  area  about  any  axis  is  equal  to  the  sum 
of  the  products  obtained  by  multiplying  each  differential  area,  dA,  by  2*,  the  square  of  the  distance 
of  each  elementary  area  from  the  axis,  /  »  Xs^'dA.  The  moment  of  inertia  of  any  section  is  a 
minimum  when  the  axis  passes  through  the  center  of  gravity  of  the  cross  section. 

Section  Modulus. — In  designing  beams  it  is  convenient  to  use  the  ratio  S  «  I/c,  so  that 
Jlf  «  /•5,  or/  =  M/S.    The  ratio  S  is  known  as  the  section  modulus. 

Tables  of  Moments  of  Inertia  and  Section  Modulus. — Values  of  moment  of  inertia,  /,  and 
section  modulus,  5,  for  different  sections  are  given  on  pages  548  to  551,  inclusive.  Values  of 
moment  of  inertia  and  section  modulus  of  structural  shapes  are  given  in  Part  II. 

Deflection  of  Beams. — In  a  simple  beam  carrying  vertical  loads  the  upper  fibers  are  shortened 
and  the  lower  fibers  are  lengthened,  while  the  fibers  on  the  neutral  axis  are  not  changed  in  length 
but  the  neutral  axis  assumed  the  form  of  a  curve.  The  differential  equation  of  the  elastic  curve 
of  a  horizontal  beam  carrying  vertical  loads  will  be 

Substituting  proper  values  of  E,  I  and  M,  integrating  twice  and  giving  proper  values  to  the 
constants  of  integration,  the  values  y,  or  the  deflection  may  be  calculated  for  any  point  in  the 
beam.  The  equation  of  the  elastic  curve  of  beams  of  various  types  are  given  on  pages  531  to 
547,  inclusive. 

The  maximum  bending  moments  and  shears  in  beams  due  to  moving  concentrated  loads  are 
given  on  page  542. 

The  moments  and  shears  in  continuous  beams  are  given  on  page  543,  page  544  and  page  545. 

Formulas  for  stresses  in  reinforced  concrete  beams  are  given  on  page  546,  and  stresses  in 
columns,  safe  working  stresses,  and  safe  loads  on  slabs  are  given  on  page  547. 
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I  AXIAL  n/isiort. 
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Unit  tension  Off  m-m, 

/r£^  (a) 

Totdl  tension  on  m-nij 

P-F^A,  (b) 

"  Area  For  given  stress, 

>/-//  (c) 

where  A-aredsectionm-m 
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P         I/nit  am?ressiononn)-m, 

Total  compression  on  m-m, 

P=F,A  (b) 

Area  For  qiyen  stress, 

where  A'areeoFsection  m-m. 
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5.3lMFi^  5MEj4R, 


m 
^  F 


Unit  shear  on  m-m, 
^F 


4.PlA60NAL5TR^5t3:Teii5iLEro/fCt. 
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p^ 



/^ 

r^r 


(a) 

Total  shear  onm-m. 

Area  for  qiven  stress, 
A=f'  (c) 

wliereA=areasectionm-in 


/2_.. 


9'* 


Unit  shear  onn-n, 

F^^^sinEe-'^F^sinie    (a) 
Unit  tension  on  n-n, 
F^^sin^e-F^sin^ff       (d) 
'•vu    I  m    Afar,  anit  shear onn-n^ 
"    \  F-iFt;e=45l  CO 

\      tJax,  unit  tension  on  n-n, 
^n       f'^f^;    a-90'';  (dj 

where  F^"^,  A^areaoFsectionm-m, 


5.D/AG0NAL  5T/?C55^5:C0i1PiftWVFr0ifC£. 

Unit  shearon  n-n, 

F2X^int0-f(5in^i  0} 
Unit  compression  on  n-n^ 

F-^sin^0=^sin'a  ib) 
/iax.  unit  shear  on  n-n, 

F=iFc;U-4S'';  (c) 
/iax.  unitcompressionoffJNf, 

F'Fc;  0-90^;       <W 


^    fl 

,-> 

p 

>^'0  > 

1 

\ 

m_ 

-1 

i 

k 

P 

6.DlAG0WU.3TRE5>£5:nN5IL£&5HEARm0F0RC£5, 
Haxunit  shear  on  n-n; 


m 


\, 


wierei^^^,  A '^rea  section  m-m . 


''/ 


W^,  y'  /iax.m/t  tension  on  n-n. 

L.JB  F-iFtfAfjIcota'-^Oi 

flaxMnitcompressionoiKhOt 
ivAere  il'^,^'f,A'Sreasec,m-m 


\' 
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lDiA60nAL5Jff[5Xy.C0MP/fO5I¥li^£A/fm/VKe5. 


i 


fhttmitt/ien-m  n-tt; 


\ 


f{f,ijPmZe-^Uai 


^"  ^*'  "J''      tlax-onitcon^essmonrm. 


/fax  a/jit  tension  on  n-n, 
wMre^'^;^'^;A=areasec,m-m. 


. ..„/?' 


8.  tLUF5[(^5mt55:TlY0LlK£5rRE55t5. 

^/ 0ii^:ffnitstres5escomPF, 
""/^'  ifequn-ed-Unit stress onCF. 
/]/\     l9YQFFA09n(/30=onit 
**^     \  stresses onCDiDLItaf^ 
\  cirdes^VnormaitoCF, 
ofsndnFparaMto/IO 
ancfSOThenFO'&oiistr' 
f  e5scoCf,F^sh^'(init 
^      '  nor^9istress.F0cos^ 
a         /"  on/t  shear  F///pse/s 
y.^     ^   ^y      JbcusoFF/oral/m/- 
""     '  oesoF0. 
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9lLASVCl^fORm7m:Tat5mAnDCOMPR£55m. 
lioMu5of  ^/astkify, 

lota/ cfeformatioD f 


I 


'4. 


(a) 


m 


TT' 


£    A£ 
Unit  defbr/natibn, 

ivhereA'aredsectronm-m. 


(b) 


(c) 


IO.ELA5riCDEFORMAT/ON:SHEAR. 


a  A/i  A  A 
Total  deFormathn, 

G     AO 
Unttdefbrmathn, 

^'G'A6 


(a) 


(b) 


(c) 


whenA^areasectionm-m. 


ILUmMATtDEFORrur/orf: 


Percent  e/onqat/on, 

^-m        (a) 

Psrcentreofuciion  oFarea, 
^'-/ao       (b) 

/=  Onqinaf length. 
2'"  lengthat  fal/ure, 
A '^Or/q/nal section  area. 
A  '  Area  ruptarecf sect/on. 


12.  ThinPjPe5ArtDCYUffDEff5:/nTtRt1AlPRES5l/Re. 


lonqitwSnalrvpttfre,  secnnrf, 

2   '     Zt  ^ 

>i  Transverse n/pture,5ec.nn. 

..X  '''¥^''ft  <'^ 

r^  I  W'unit/nterna/pressare. 
...i  ^  Bothhnq/tuc/inalancttrans- 
^  irrse  stresses  are  Mepend 
^  ant oft/je  form  of  tffe  ends. 


prrrq 


^J|PZ7~> 


15.  S77f£S3nMJin6LtRlVETtPUPj0Id73. 


~t°^^&£d— >• 


p\"'i^Y\p 


b 


Unit  tension  on  plate, 
PrPHp'dH        (a) 

Ihitcompressionon rivet, 
fc-P^td  a?) 

Unit  shear  on  rivet, 
f^^P^J-ird^  (c) 

fbrhngitudM Joints  in 
pipes  or  cy/mekrsf  ' 
D'diampipecrcyi 


pipes  orcyimeHersP'tmUj^fd) 
yl/nder. 


14.  STirC5St5JNlk>UBL€/fiyCTfDlAPJO/rfT3. 

^ — L^Q^O^Tj  Unit  tension  on  plate, 

"^^^^rr^        f^.p^(p.d)t     (a) 
Unit  compression  on  rivet, 
fc-P^2td  (b) 

Unit  shear  on  rivet, 

fy^P^^TTd^  (c) 

for hngiMmd/oiitsin pipe 
orcylindersP'^tvDp,  M 
D'idfan}.  of  pipe  or  cylinder. 


p\x    iO 

pr    10 


\F 


l5.D£5r6tfOF5mLeRn^n'tDUpJo/NTS. 

See  figure  ahove.  For  Butt  JoMs  see  ChaplXJIII 
Most  efficient  jomt /or  cyXTdersandpipe^ 

(a)  0)         (c)  (d) 

Plosteffkientjointfor  cfiventhicknessptate; 

(&  (Pj  (q) 

forjoif?tsmliimret^biform^rheb5eeOiipt.Xllll. 


le.Dts/erfOPDooBLERivrTtDUpJcMNrs. 

See  figure  above. 

flost  efficient jomt  for  cylinders  andpipe, 

(a)        (b)  (c)  (d) 

Mostefi^ientjointfdrqiventhicAnessplate, 

(e)  (fj  (q) 

forpmts  with  more  t/fintmrcivs  of riveb  See  C/fiptXITf 
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IZFLEXUfr^ro/^MULA. 

Fiberstressdi/etoagivenmomeniJhagfmjSfiani 

/-^  (^) 

llmenUocdusea  qim  fiber  stress h  9  a/m  beam, 
M'^  (b) 

SeclhnmockJuskrgfyenmomefilanc/fibersfress^ 

Moment  of inerti  forgiven  mome/jt,f/6erstress 
and di stance  to  e/ctreme  f/'ber, 
7= /^ 


ir 


(d) 


Id,  eu5r/cDt:rLecT/orfOFB£AM3. 

Differenthlegualwnfromtvtichegudthnofeht/c 
cunfehfomd.      ^i^^.Af,  «; 

Ibtktermhee/ast/cct/n^fUfAenlani/fsreconst- 
antjntegrate  tmce  determ/hmgconstants  of 
htegrathnbysobstitatmg^tvn  v^Ajes  of  slope 
anddefkctfon  and  corresponding  vahesofx . 

Theeguat/onofcarye  changes  at  every  concen- 
trated had  but  is  same  tl)roaghoatfbrvnjform 
loadorfbri/niform/y  varying  load. 


19.  SmAJ^im  5TFt55^5JnB£/irf5. 


Tm 


Average  unit  shearing  stress. 


f.4. 


Ca) 


Oil  centroidof 
shadeclarea 


Unit horizonfaisheanng  stress, 
(iongitudir)ai3i?ear) 

fy^^^.  (b) 

7n  ^sfaticmonTentofarea, 
above  sec tionconsidered,about 
neutral  a jt is.  Forfiorizontaishearatm-m,  9n « 
drea  of  shaded portionn^ait^iiecfbyz,  the 
distance  toits  centroid.  T/iemax.  unit/ioriz 
ontafs/iear  w Hi  occur  at  the  neutral  axis. 

The  max.  unit  horizon taishearfhr a rectang- 
i/iar  beam '^average  unit  shear,  for  areolar 
sect/on,fj9ndforanI-beanr)maybeas/ni/cA 
as  £^ times  average anit shear.  • 

Forroliedorbuiitl'beams  themax.onit 
horizontai shear  very  nearfyeguais  the  totai 
vertkalsheardividedbyarea  of  web. 


20.  CoLunffFoRnuLAS: Axial  Loads. 
Straight  Line  Formula, 

4=^r-y(?i  (a) 

A         r 

For  constants  cc  and 6 see  Table  IXpagedO. 


(ti 


ffankine'sf6ordons)  Formula f 
P        CO' 

Forconstantsa:^and/SieeTablei/pageBO. 
Eulerb  Formula, 

According  to  tierriman  cc'has  the 
Following  values j 
3oth ends  hinged, 00"- w^ 
One  end  Fixed  and  one  hingedfCc"'  ^^n  ^ 
Bothends  Fixed,  a  '=4^^ 

In  Foier'sfirmolaP=altimate  strength. 


ZL  T0R5i0f10F5HAFT5. 

5olld  round  shafts, 
Pe4.Trd^F 


ZZ:5TI^£5Se5  111  HOOKS:  Approximate  ^lution. 
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.if 


(a) 
(b) 


(c) 


H= horse  power, 
tl' rev.  per  minute. 


f-3ZI,0OOfj^S 

cJ^6S.5[g 

5otid  9quare  shafts, 
Fe'ld'f  (approx.)  (d) 

(e) 


d'6S.7fA 


Maxim  urn  kmion, 


(a) 


(f) 


A'   I 
tfvhere  A ''area  of  sec  Hon 
m-m,  e  -  distance  from  line 
of  action  ofload,f^to  cent- 
roid of  mm,  c  distance 
from  centroid  to  extreme 
fiber  on  tension  side,!^ 
moment  of  inertia  of  sec- 
tion m-m  about  axis  thr- 
ough centroid.      ^ 
Hr  exact  soA/tion  see  'Slocu'mand  Hancock^plBI. 
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25  Plate 6iRD^RS:5eeahoChapter XVII 
O) tlomeni  a/I  car n€cl  by  Flanges, 

M'A'^fh  (a) 

(ZlOne-eiqhtharea  aftved  am  la bh  as  flange 
area,  M'(A^^iAjFh  0J 

(I)  Moment  oPinertia  oFnetseclton, 

M^^'  10 

(4)  Moment  oFlnerliaoFqrosi  secthn, 

Af9ncl>lf„  -netareaoFonefbngesndgross  area 
oF  1^6,1  and  I = moment  oF Inertia  oFgross 
ahdoFnetsectfonslf'dfst.  jtoj  oF Flanges. 


24Umr/itimK4L  Loads  on  BtJui%4ppnmite5oMion. 

tl-max  moment  For  ¥erticitkads. 
^'6*  \  J,'n)omentoFinertia,axisH 

^,  *  \  L' moment eFloert/a,axfS 2-2 

*-'^ '  ' /U-.1  -  %/  ^^  compressmhber stress, 

^^^^X  ^^  tensile  Fiber  stress^ 

CV  F,^'M(^^^Jf^J,(d) 


Z5.ECCfrtrRICL0AD50rtFRI^5:5eeihoChapt  V. 


Z6.FL£XUR€A/tDDHfl!CT5rRE55. 

Flexureand  compression,  F'~^  jq^jj^A^) 

P        Mr. 
Fiexure  and  tension,       ^'2^  j~7p7rrrn>^^^ 

k'  lOForbothendshinged,  UForooeendhmged 
and ooeFixed,5t  hr  both  ends  F/xed» 

Approximate  Formota,     F*j±  j^/  (c) 

For  direct  stress  either  tension  orcompression. 
M  may  bedueb  weight  oFmemberorhexteroil load. 


F'Pi^-W  P-lfsinoctW 

M-l}etWe'  M'PfSihece-^abfim. 

Stress  at  m,  c.P.Mc  .Stressatntip^P  Me  . 
^>V,,'  Tin' 

I^  *momentoFinertia  oFsectionmHo'abodariso^ 
A  'area  oF section  m-mi 
1x70  oFactlon  oF resultant,  r-  MrP  ; 
IFthereishodonatm%ndsectiontnlloottakeit,tlie 
stres5atm''0aodatm'^P(f'i)F9rrectanf,skt 


n.TRt/t  STRtSS. 
A  'Poisson'sPatio. 


f,  FffiFj'apparentunitstressex 

tfitfit^'trueanit  stresses. 
t,'^'A^'AFj;  (a) 
tyF^'H^'AFg  ;  (t) 

tj'Fj-A^'AF^j         (c) 

iFany  stress  is  tension  cbao- 

ge  its  sign  In  abo¥e  Formulas. 

A* J  For  steel  and wrooght iron, 

A'jForcastiron. 

A 'J^  For  concrete. 


(aP 


28.  Cylindrical  Pollers. 

Unit5tressForcp¥enload 

and  roller,  l^^^j     , 

length  Forgi¥Mloadidbfa  .  3i¥  fnt  , , 

andonit stress,         ^""ZFOLlFli  f^^ 

Load peramt length  For      w^opf^r 

giifettroUer  and  unit  stress,  i  If  J 
D*dian7.oFroMpr.  L* length oF roller, 
P^mocMus  ofelasticit/. 


(d) 


P9.  Thick  PiP£S  Alio  CniliDFRS'MemalPtessore, 

Maximwnunit  tension, 

£       r,W 

Maximum  unit  compression, 
Fc'^  (b) 

ThkhnessFbr  given  pressure, 
unit  tensionandinternd radius 

wunitinternalpressore. 


crrq 


\UuL 
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30,  5TRt5S€5/nrLAT PLAT£3'UHtF0RriLQAD. 


C/rcu/er  Plate; 

Circumference  fixed, 

fz  4fi!rf 
64 1^ 
Circumference  supported^ 
r.  ijjwr^ 
il8t^ 
Rectangular  Flate^ 

Circumference  fixedf  ^ 

Circumference  supported. 
Unit  stressis  about  ^ 
that  for  a'rcumfereffce  fixed, 
SquarePlates, 

Circumference  f>xed, 

/  4t2' 
Circumference  supported. 
Unit  3tre5$i5eboiftfth9t 
forctrcumference  fixed, 

5eeChapteryill,p.3l33nclJelfleB5. 


u-.^..^^ 


5L  lV0RK0PP£5ILI£fiC£. 

BAR5. 
Work  done  in  stressing  a  bar  below  elastic 
limit,  Fronn  Oto  PjOr  Otof^ 
K-iPA=^F6Al-^(fMl  (<s) 

From  Pf  toil  orf^tof^y 

BeAMS. 
Deflection  under  one  load 

Deflection  si  any  pointy 
1^1^  ix , 


(c) 


£1 


(dJ 


v^here  lijr  -n^omentatanypomt  due  to 
given  loading  and  M-  momentat  any 
point  due  to  a  unit  load  placed  at  the 
point  at  which  the  deflection  is  reg- 
(/ired. 


3/  CtnTRoiD  (CEriTBR  OF  Gravity  ). 

General  formulas; 

y-  fxSA_  /xSA  .      ^, 

Structural  5ectton5Cdnbe 
divided  into  fhite  elements 
'theproperlies  of  which  are 
known.  7hen(a)andl6)6ecorne 

i.i^.^Y^        (C) 

jAyM.i^x;   (d) 

'h*3tatK  moment  about  gine/iaax 

L   .y-.  \  lnfigZletA,,A2,Aj3ndA^  = 

/^/    "V-^ .    areas  oft^  b,  tottoml', coy. 

;       ^       r'^^P/'^^^^bP^'Sridy^yi^^.y^ 

^'F/a3."~^'     beordinates  (^theircentroids. 

'-paraiteh'.^  ^        jl'O  by  symmetry. 


i.     .'^'A'V  ^       A^Ag¥-Aj^A4 

i'^<^M^  fig^Centroidoftrapesoid 


J^^"'  fig.4 


fig  A  CentmJofanytmareas, 


35.  floMEnroFin^RTiA  Am  Product  of ineRTiA. 
General  formulas^ 

ly'USA 
JjTf^fxy&A 

Transformation  f()rmulas, 
Ij=Ic^di'L'IfM(e) 
oW^d'src'^r/'d^M 
Jjey-Jcc'^Axy,        (c) 

/j'.-^Vr/  (e) 


Iy=IjiC05^^f[yW^^'JrrSinZ^ 
Jl^'iff,-Ir)sih£^*J^5i^ 

Ptincipalllomenbof Inertia; 

X       L=IjfC05'c[*IySinkfL^ia 

Axes  are  designated  by subxnpts. 
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34  •  Cufriurvejf  3mm  with  Load,  F,at  F^ee  Ehd  • 


;>lllllllllimilllllTI/> 


'Mx 


Seam 

Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve ' 


Shear  af  any po//?t  Kc^P* 

Moment  at  any  pointt 

Mx'^Px- 
Maximum  Moment^  M^P/* 
Sfuatlon  oPFIastlc  Curve, 


iSCAHTiteveit  Beam  with  Umifoihi  Load,  W  per  Uhit  of  Len«th 


wptr  anitef  lengths 


U- 


Beam 


»  I  •  _ 


^  Moment 
Z    Diagram 

Elastic 
Curve 


Entf  Peaction,  P^^tvl- 

Shear  at  any  point  Z^**  w^x- 

AfaX'Shearj  ^^  t^l* 

Moment  at  any  point,  Mx"  ^  ., 

Max 'Moment,  at  Right  Support,  M^^f 

Equation  oF  Elastic  Curve 


36  CANTiLEVSJi  Beam  with  CoNCEHTKAreo  Load,  P,  at  amy  Point 


V'-^T- 


Beam 


Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


EncI  Reaction,  R^^P 
Shear  between  P  and  Support  *  A 
Moment  between  P  and  Support^  Pix-kl) 
Max'Moment,at  R^htSupport'^Pfl-kl) 
Equation  of  Elastic  Curve  beheeeoPS/fz 

Deflection  underload,  A'^xi  (I'^l)^ 
MaX'DeP/ectIon,A^^j  (Z-SM^k^) 


37    CANT/i^yeR  Beam  mrn  lf^J^/ASlE  Load 


wxpfr  imltke^rth- 


Beam 


f 


r^^^P^'^S^ 


ir/'  Moment 
S    Diagram 

Elastic 
%     Curve 


End  Reaction,  R^  «  ^'  ^^ 
Shear  at  any  point,  Vx^  "^ 
Max  Shear,  /- ^- 

Moment  at  any  point,  Mx  *  "jr  * 
Max- Moment,  M^^. 
Equation  of  Elast^  Curve 
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38.5//fPLB  BBAM-  COMCeNTKATeO  LOAD  AT  Ttie  CgMTeK' 


^ 


Rt 


^inmnn 

i 


rmnnil 


Beam 


Shear 
Ola 


K-X->« 


%ee^ 


Moment 
Diagram 

Curvs 


fnd Reactions;  Pi  "Rf  *-^- 

Shear  at  snypcmt: 

Sefween Ri Jt Pa/id hetwee/fPSfJ?^    ^^#* 
Max- Shear,  V"^^  '       ^ 

Moment  at  anypo/nt ' 

Betiveen  P,  dfP;Mx  "PtX  -  ^JT- 

Betmen  P^t  Rg:Mx'P,xrP(xri}''§Cl'X,) 

Max- Moment;  tf^'^^Pl,  occurs  atx^i* 

£Iast/c  Curve  and  Defketions  • 

Befween  R,  ^P;y'4§^/  (4x^-5l^x)  • 
Bettveen  P  Be  R^^  symmetrical  about  center* 
Max'Pef/ect/on;A«^  |^*  X-i . 


3S  'SjMFte  B£AM 

< — >i 


^ 


•  COMCeNTKATED  LOAD  AT  ANY  POJftr'. 


fnd  Reactions:  Rj 


'\iit 


-i — 


v^' 


^ 


Df 


K^->i   /-/    f^    ryf  I 


Beam 


Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


Shear  at  any  point  t  ^^    , 

Be/ween  R,i?P,  Kk ''Ri  '  ^^' 
BettveenP^Rz^yx^Ri'^fy'' 
MaxShear;fora<^,yiR,;fora>j,  V^Rx^ 

Moment  at  any  point:  Piz-^jt) 

BeMeenR,/P;Mjc-'R,x^  ^-^^'n,^  , 
Betiwen  PJtR^s  Mx  "Rix-PCxtnaJ^  O^x-PCx-a) 
MaxMmentrM'Ria"  ^^a;  occurs  stx"  a* 

Elastic  Curve  and  Defiections: 

Behmn£ii^P;y:^^Mf^ls-d'-xV' 
BetmenPJiii;y,^^^(ZlxrB'^xf)^ 
UxMA;a<l'A:^^/i^Af'if^^ 
MaxBe/7y'^>j;A''^fd^jX-Y^^ 


40'SmPUf  BbaM'-Two 


K— •— 2— ;~H 


n. 


Beam 


'^\M\\Wu>] 


EoaAL  Co/tC£/fTPArPD  lOAns,SrMMeTP/cALLY  PiAceo* 

Bnd Reactions;  Rj  -Ri « A 

Shear  at  any  point: 

Between  if,  and  lePtP;  Vx^P* 
Between  Loads;  yx-0* 
Between  rIghtPandRz;/x''P* 
Max- Shear,  y^P^' 

Moment  at  any  point: 

Between  Rt  and  left  P;  Mx'Px- 
Between  Loads; Mx''R,x-P(x-^)  "Pa* 
Max-  Moment;  M^  Pa  •        , 

Elastic  Curve  ^Pe flections  : 

BetweenRiJIieEt  /J'y-^  (3ta-3d^-x^y 
Between  Loads ;y,  '•^  fSlx-Jx^-aV ' 
Between  right PB^Rtisymmetricai with kftlaad^Rr 
Max'DeEiection;A''^j(3l'4s/');X^i  * 


Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 
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4/.  Simple  Beam- Uniform  Load- 


y- 


wl 


Beam 


flllTTTlt^.;:,^^        '  ^     Shear 

JJftl^fn]HTm>v!  Momenf 

y- ----_*      J!^_-  •         I>iagrdm 
Y^  '^V^iC  "^^2^^^^'         Elastic 

'<-^-->^        "A  Curve 


^n<f  Reactions:  R,  "Rz^^* 
Shear  af  any  poinf:   Kc  =  ^  -  wx  • 

Max-  Shear;  V»  ^;  occurs  ^feseh  support" 
Moment  at  any  point:  Mx  "  ^x  -^  tvx  ^ 

Max- Moment;  ti^^wl^,  occurs  sf  center' 
Eiastic  Curve  and  DeFtections: 

Max'Def/ectio/f;A  -jS^^;X=^» 


J2,S/JiPie  Beam  -  TRjAtfeuLAR  Load  with  ti ax/mum  at  thb  Center - 


Beam 


^  Shear 
wl    Diagram 
8 


■■■..<imm^. 


uf-^-^i  ry* 


-^--r 

-•^> 


->1 


Moment 
Diagram 

Elastic 
Curve 


Total  Load ^  iSd.^'  ^ 

End  Reactions:  R,  'Re^^ 

Shear  at  any  point:  ^ 

between RtJtCenter;  V^  ^  wfj-  "f-J^  ,, 
Eettveen Center J^Ri',  k^x "  fvfj-l^'lx *^) 
Max  Shear;  l^'^jiyl^/  occurs  af  supports' 

Moment"  at  any  point : 

Between^  and  Center;  Mx  "t^xfi*-  §-y 

Between  Center &Rzi  M^  ^^^C-l^f-BA-lZly^H/) 

Max- Moment;  //*j4  ^^^  occurs  af  center* 

Elastic  Curve  and  Pef^iect ion  Si 

BefmenR,  &  Center: yn  ^[^-^-  jff 
Between  Center  JrRf;  Symmetrical* 
MaxDeElection;  A  "^^^f  i^" ^ • 


43'  5/MPLE  BEAM"  Triangular  Load  with  Maximum  at  Ri6Ht  End* 


¥VX'^ 


>^/ fTniltTrTY. 


*^^    Beam 
Rz 

Shear 
a      Diagram 

Moment 
"*^    Diagram 

EbstkCerve 


TotaiLoad'^  i^'- 

End  Reactions  :Rj  "iwl^;  Rz^^^wl' 

Shear atany point:  Kc'^^f-^-'X*) 

Max'Shear;  li'^wlfocoors  at  rJ^ht  support' 
Moment  at  any  point:  M,  «  ^fl^-xV^ 

Max-Moment; M'(h0e4wl*  occurs  at Z'0'5774  Z' 
Eiastic  Curve  and  Deflections: 

Max'Def/ecthn;A ^ fff^fSE  77 i X'^J^iSl- 


44'SiNPLE  Beam-Trapezpipai  Load  witn  Maximum  at  ^isnt  ^nd- 


Z^(h3lto  o-mi^^^^^ 


Beam 


Shear 


TofaiLoad'^v^^^^ 
JFndReact/ons'Rj-lCwi  ^^;Re''ifm^Sw^Z) 
Shear  at  any  point:  Px^m  ffyrJt^ff-xV 


Diagram        Moment  at  any  point ^ 


Memeat 
Diagram 

EbsfieCenm- 


Plastic  Curve  and  DefJacthns  t  ^ 

y»]SMLffi.2Zx*tx»)^i!!^^^^^'-^  Z^ 

MajcBefA/A'^^^^MfE  ^;  X^O-SZCApprox) 
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45,BeAM  OvFfi'HAH6iN6  0/fe  Suppoj^r  -  Umpo/^M  Load* 


wperunif-  /engfh 

•  I  I 


Bt3m 


Shear 
Diagram- 

Moment 
Diagram 

Ffasftc 
Curve 


Shear  afsny  pomt  t 

Beftveen  Rt^Rzi  Vx  -Ri  -  fVA>  • 

Befvi^eenRzand^nd^Vx^  wfrn-xj 
Mamentsf-any  point: 

Betiveen  ^/Jt£^^;/fx'Rixr'^pvx''' 

Between  R,  d^/W;//x  -  ^Jh-xj  ^. 

' Max^Pifsth've Moment;  M^  ^;occ(/rs  whenx'^y^. 

Max'NegafiveMemenf^M^^ivn7^;occursatx'^kz 
f/ast/c  Ct/rve  and  Def/ecftcns : 

Be/Hwn  R/^£'z}y'gif/[4R,(xf-l%hw(xf-l%JI         , 

BeffveenRi&fn<f',y^^^[w(6m^4-^mxit3l%^f;^)-8R,^^^^ 


46'BeAM  Ove^HAN6M6  0/fe  SuppofiT  "Co/fc^rfTRAT^'D  Imp  AT  ANy  Point* 

Shear  at  any  point: 


Beam 


rfVKj  -M/nc^gnrKATeff  1MB  AT  Affy  fO//> 


Shear 
Diagram 

Moment 
Diagram 

Bbs  fie  Curve 


Between^,4XP,:yx''Rr,  between /}JtJ?i;irx''^rPt) 
BetHmnRrJt^j/jc'^/i- 

Moment  atany  point : 

Between  Rj^/};  Mx  "RrXg  • 

Between  Pi  4i^R^}  Mx''RiXjt-P,(3'f'X:-l) 

Between  Ri^.Pt;  Mx  ^^SCm-Xs)  • 


47  'B£AM  OveR-HANeme  Both  Supports  -  Um/form  Load 


!4^H^; 


Beam 

Shear 
Diagram 

Moment 
Diagram 

Plastic 
Curve 


Reactions:  Ri«ififmH)-n^^  R^  ==2^^nH/-m^^ 
Shear  at  any  point: 

BefweeoiePtendXRi}  Vx'^wfm-iQ 

Between  Rt&  Ri  jYx"  ^I'^ff^'^'Xf) 
Between  Rz  bright  end j  fix  "  wCn-Xj) 
Max- Shear;  V"  wm,  or  Ri-wm* 
Moment  atany  point: 

Betiveen  left  end JURj^Mx-iwCm-x,)^* 
Between  R,^Rt;Mx*'^»v{m*'Xe)^''R/Xs* 
Between  Rz  Jt  right  end;  MxJ'i'  tvih-xj)  *• 


Max- ihsih've  Moment ;M''l^f(^-m),occttrs  at  Xr'^p^ 
M3X'NegafiveMoments;M''iwn^afRi;M'^iwnW  Rt 
FointsoFContr9pIext/nt;x9«f£L-ji^±yf&\z^2Pif„ 


48'  BPAtt  OvBR-NAHeiNe  Both  Supports  --Two  Pxt^rwr  Ca/tcj^tfTRATeo  Loads  - 
>?l      ^f-,       .L^'.f^      Beam     .      ^^^^i^^^^^^  ^f^  ^^^^^t/};R^-^^^tP^* 

Shear  at  any  point: 

Between /}JiR,;yx'^  :R,S?R,,  /x'^ff-R,)  Ri^ii,  /J->?- 
Moment  at  any  points 

Between  /}  ^R, ;  Mx  "Pifm-x,) 
Between  Rt^Rz;  Mx''Pimtfi,''R,)x£^ 
Between  Rt^Px;  Mx'^Pxfn  -Xs) 
Moment  at R,;M^i}m;  at  Rx,  M^Pxn* 


■    iiiiiiiiii     ' 


■  mi         Diagram 


Shear 
Va^ 

Moment 
Diagram 

l^iastic 
Curve 
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iL^-K 


^^ 


49*3eAM  FtXfP  AT  Oife  £ifD  ANP  Sl/PPOPTFDArPTH^Ji-CMCBfTJiATEflaADArAfiyfiglffr 

FndR€3cf/cnsTZ.F[^^^;R^^p[^^] 
Sl^rstjBypa6rfigetwt^iiiF,Vji^;betmmiPJkRt/,'Rrf^. 

Hax-Af^hvMmmfiM'^a,  occurs  under  load- 
MdX'Me^3frv9ffmMafif^l'P^4,9ccars3f  fixed  end* 
FmftfCcnfrefkxareix,"^ 


'±. 


•& 


^>& 


Btwtt 


ji!m\ 


ibsf&CanvXOtflKtms:  ~^ 


fit 


Shear 
Diagram 


lwa-^4l4l;MarIS^^0^OUU;aeci>rs  um/erJM. 


LdMk. 


r%»' 


If  F  Is  A  Moving  Load: 

AbsoU/fe  Fnd  Feacfions: 

FrFfOccurs  wben  a»0;^ficccarsmhen  3^1* 
Absc/ufe  Max/mum  Shears  t 

li^F;o€eor5i¥hena^,afx''0;^/ieccars  mbena^I^  atx»t' 
Abstlufe  Maxsmam  Moments: 

Max'Momeot  Is  Me^atM  and  is  M'O'IBZSFl;  occurs 
at  fixed  end  when  a"  0-3774-  Z* 
Absolute  Maximum  PeF/ecfiont 

A''0'009SJS^fOGcars  under  load  when  a''^/4l^ 


Momenf 
Diagram 


f/asfic 
Curve 


50'Bfam  F/xbd  at  O/iF  End  and  Suppoftfd  at  Otnff  -  Uniform  Load  • 


wpor  unit  len^i 

V////////////77y 


fTTrn>> 


^a 


"A 


Beam 

Shear 
Diagram 

Moment 

Diagram 

FUeNcOime 


Fnd Foactions: Fi'^fwl;  Fz'^fwl* 
Shear atany  point :yx''w(fi  '^  x)* 

MaxSbear^  F«fwl,ocairsat  right  support. 
Moment  at  any  pofnti  Mx'wxf/'l''£x) 

Max'hsNiveMoment,'M''&wifeccursafx'^f'l  • 

tfax'NogatnrMomat;  tf' jwl;9cewsaf  right  support" 

Mat  of  Contra  flexure fX0'^i  !• 
Elastfc  Cerye  and  Def/ect/ons: 

yMihix^tZx^tl^J  ^ 

MaX'DefJection;  A'' 0-0054  ^,X'^'4FIBl^ 


S/*BeAM  fixeD  at  Onc  End  Si/pfoftfd  at  OrNep-CoHCfNTXAT^D  Load  at  Ccntff* 


ffx^ 


Beam 


Shear 
Diagram 

Moment 
D/agram 

Elastic 
Curve 


End  Feaetions:  Ff^F;  Ffj^P- 

Shear  at  any  point: 

SehmnMF,  yx^£P;SihmnFSF,;  Kc^^P* 
Max- Shear;  V'^JLP,ecritrsatR£  • 

Moment  at  any  point: 

Seh$mF,JtF;Mr'iF;BetmenF^Ft;Mjt'iFh/sFx' 
MaxhsffineMomeotiM"^  Fl,occurs  underload* 
Max-HegatiW/Ument:M'^Fl,occurs  at  fixed  end* 

Elaotit  Curve  JP Deflections  : 

BetweonF,3Ff  yr^fSxf-SlV- 
tetmenPSFit;y''^/-FI^/SZSc,-UIx!f//xf) 
Max  DefkctFin;A'0'0093Z^^;X'0'447F  t- 
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5Z.  B£AM  FlX^eO  AT  SOTH  FNDS  --  UWFOJ^M  lOAP- 


A^  wper  unif  /engfhy^ 
M' 


i 


Moment 
M'    Diagram 


%j:^. 


Elasffc 
Cvrve 


Shear  af  any poiPfs  Vx^'kwl-wx' 

Max-  Shear;  l(-iwl,  occurs  at  supports  • 

Moment  at  any  point:  Mx  "  f^il^^lx-Jc') ' 

Max- Post f/ve Moment) M^j^ivl* occurs  at  center- 
Max- Negative  Moment;  M'^^^wl^  occurs  at  supports* 
Points  ofConfrafJexJure^x^^O-i/JS  Ij  xi^0'7SS7l* 

Elastic  Curve  and  Deflections  : 


Max-Defh)A^^,  X-^- 


Beam  Fixsp  at  Botm  EftDS-CoffcetfTRATJ^D  Load  at  Cbhtbr* 


Beam 

Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


End  Reactions:  Pf^Pt^^P- 

Shear  at  any  point:  y^^iP'  Max- Shear,  V'^^P* 

Moment  at  any  point: 

Batmen  P,&P;  Mx^^PCx-^ZJ- 

Between  P&Ri',  Mx  "iPC^l-xh 

Max- Posifive  Moment;  M"  yPl,  occurs  at  center- 

!  Max-Negative  MomejTt;M  ''^  PI ,  occurs  at  supports- 

hints  of  Contra  flexures  x^"^;  a>'*»^  Z' 
Elastic  Curve  and  Deflections  : 

BotwoenR,^P;y^  §^fixt§'Z)' 

Between  PSeRjfj  Symmetrical' 


Fixed  at  Both  Ends-  Conc£nt/}ated  Load, 
P 


«i*-^ 


TOHCfMTi^ATED  LOAD  AT  ANY  Po/NT-^  , 
End  Reactions:  R,^P  ^%^;X>^«/'  ^3^ 
Sbearatanypoint:BehmnRjdiPiYjr^iiBeh¥eenPSRi;KrPi 

Max-Shear;  V^R,fvra<b;  V»Ri  fora^b- 
Moment  at  any  point:  ^y^  ^i^ 

Negative  Mmenfs  at  Supports;  Mf^'-P  'J^sMt-'-P'^' 
BefweeaJi&P;Mx''/^iX'f-Mr       \NotethatM,  carries 
SthmnP^Ji;Mx'=fix,*MrPfxj'&}  /  ^  minus  sign- 
M9xlhsiffveMoment:M''Rta*M,;  occurs  under  load* 
Max'Negative Moments  occur  at  supports i  Bee  abova^ 
Mts  ofCootnaflexuresx^  ^3^3  xi  -  Z-  j|^  • 
Elestk  Curve  and  Befiectfons  : 


Moment 
Diagram 


Elastic 
Curve 


fetweenR,fP;y''J^paZrBax-bx]^ 


3bha 


BetPveenP  and  Rz~;  y/^  ^^[^^^^3aZ'3axr  bx] - 
Mai.Pofi^a}k;B^^^ccur^  etX-^^ 

Nax-Bef/;fdien  a^b;  ^"j^^^fj  occurs  at  X^ 

If  P  Is  A  MoviM  Loads 

AMfAfNa3^SSeais;S'P,occurf  atRj  when a'^; alRi  when  a' t  • 
M9$ltdeMax-NegafivoMoment;H''^Pl;  occurs  when  a^jZ  • 
AMetrMaxBigafivfMoment;Ii^0PZ;  occurs  when  a  "f- 1 ' 
AMuteMax-B>sIIiveMment;M''i'PZ;occurs  when  a'*-^Z' 
Aksfflots Max- Deflection;  A^'jg^Si'  f  cceurs  when  ^^  ^  • 
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55.  llAXiMUM5HEAR5  A/iDMOMeriTSin  SIMPLE  BEAMS  FOR  MOVING  COtKEHTRATED  LOADS. 
Criterion  Forlisx/mum  Shear. 

The  maximum  shear  due  to  moving  concentrated ioads  will  occur  at  one  support  when  one 
oF  theloadsisat  thdtsupportand  willequal  thetotBlreaction.Theloadqivinqthemaximum 
must  be  determined  by  trial. 

Criterion  For  Maximum  Moment. 

The  maximum  moment  due  to  mov^inq  concentrated  loads  will  occur  under  one  oF  the 
loads  when  that  loadisasFar  From  one  endas  the  center  oFgrayityoFallthehadsonthe 
beam  is  From  the  other  end,  Theloadgivinq  the  greatest  maximum  must  be  Found  by  trial. 

For  beams  Fixed  at  one  orbottjends  and  carrying  one  load,  see  49and54,  in  this  chapter. 


a.OMELOAD. 


^^ 


^ 


■^^. 


I1ax.5hear,   Jf'O;       Y-F;         atR,. 
/iaxMoment,  X-h     M'jpi;     at  P. 


b.  Two  Equal  Loads. 

■  0      (r)    ^ 

u - -'— J 

riax.5hear.X'0;      V''P*P^:atR, 

f1ar.f1oment,  Jt'j(2-p;M'P(H.^att . 
IFahqn»terUan0.586'lfintk)adqwimax.Hjitia. 


c.  THRe££QUAL  LOADS,  Equally SPAceo. 


d.FouRt(^AL  Load5,Equally  Spaced. 

a  ._  a  _^a 


^    <r)    (^    (f)    ^ 


(^"^  g)"  (?) 


/  / 


J/ 


4 


ttaiL^iear,      X'a;     V'JP^;  atR,. 

fbxMiment,    /-hj  M'P(h-a),aH. 
IFak  qmttrthanOJSOljtmohadiqinmuJIifmb. 


I 

MaxShean  X-a;     ¥'4P^:    atR. 

MaxJ1cment.X-l(l-^a)iM-Pfl-2a^):atZ. 
IFahqrtittr  Hiin0.2Ml,tlinth*digMemixJ1atlnc. 


y'4P^; 


e.  Two  UrteQUAL  LOADS. 


p.  TlVO FQUALL0ADSAftD0t1c5f1ALL£RL0AO. 


\ 


-k', 


■%- 


'iit....J(-.L.....J^ 


■^^. 


nax.Shear,  X'O;  Y^Pi^/}- ^;  atR, . 

r^nxwnt,  X'ifl'&^htf'fP^J^falF. 
£L   '*v/  • 

nnmommtmayoteorforeoehadasin  a. 


nax.5he>r.  X'aiV'P*f^^ff(^^y;atR, 

naU1om^,X-l[t^]:M'  5^^x'-Pa;atZ. 
/iax.moment  may  occur  Fortwoegua/leadsasinb* 
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56.  CoffrmuousB^Ans,  U/iiform Loads,  Co/iSTAfrrllOMttfTOFlttmtA  AnoMooumsoFf last/city. 

Shear,     \Vf      /^Ij!^'  /^1 
loicfper  ^5^ 


Lengthy  J^^.j?/ 
Support,  I 
Reactiim,R, 
ffomentttlt 


j^ — h —  J*  - . .  i.^w. 4 

n        \  ntl      \  ml 

nn  I  nnti        \  Rn 


nnti        I 

f1^    M^ 


M„n 


Rehtm  between  momenbat supports  For  the  nf^ and (f)^/j  ^ spans. 


Shear  to  teFtoFfnH)^ support j 


cat) 


CO 


Reaction  at  fn^/J^sopport, 

^mrC'K/':  (^oteRrV/)       Ce) 

tioinentatanypointtn  n^span, 

Mx-flni^ynJf'f^x':    ^  Cq) 

Maxim  ampos/t/ye  m  anient  in  n^span^ 


Shear  to riqht  of  n^ support. 

Shear  to  right  oF(nf/J-su/^>ort, 

Shearat  any  point  in  n^span. 

Faint  of max,positivemonfenthn^  span, 

[XPLAflATlCtff Of FORMUL  AS;  n'numberoffihtspar^consicfered or  its  left  support. 

Given  a  continuous  b^mof several  spans  oniForn^yioaolecffFor spans  with  no  kacfwOL 
Apply  F6rmula(a)  to  I- and 2^ spans  at  the  leFt  end  making  n*l.  Jhreeunknown  moments 
appear,  I%,tff9  andlij,  IF  beam  is  simply  supportedatleftend  ti,  -0.  Hexl  apply ^rmula(aj  to  /^ 
and  J  ^ spans  making  n-2.  Again  ihere  will  be  three  unknowns  /^,  /^  andff^.  Continue  until 
last  two  spans  have  been  consideredfnever  consider  last  span  alone).  IF  beam  is  s/mp^ supported 
alright  end,theli For  that  support '0,  There  arenowasmanyeguationsasttfcreareunknowns 
so  by  solving,  the  moments  at  all  oF the  supports  may  be  Four^d.  IF  the  beam  is  symmetrical 
as  to  hadirnj  and  dimensions,  the  calcu  la tibns  may  be  shortened  by  eguating  moments  whkh 
areknown,l^inspectionjtobe  equal.  Knowing  the  moments  at  the  supports;  the  shear  atanypoint, 
thereacti6ns,andthemoment  at  any  point  may  becalculated.fRrY/sridRForlastsopport 
eguabV" for  last  span),  for  fixed  ends  imagine  the  beam  toextend one  span  beyond  the  fixed 
endand^plythefornwlas^as  above,  equating  the  length  and  load  of  the  imaginary  span  to 
zero  and  the  moment  atthe  extreme  end  of  the  imaginary  ^9an  to  zero,Care  should  be  taken 
that  shears  and  moments  are  used  with  their  proper  sign. 

SPSC/AICASFS; 

For  a  beam oFequal spans  m'th equal uniFormload9,Formula(aj  reduces  to- 

Flo^^^^n^z-^t^n^'-i^^^J  (See  also  S7,oF  this  Chapter.)  cj) 

For  a  beam  oF  two  unequal  spans  with  unequal  uniForm loads  and simpfy  supported 
at  the  ends,  ff,*0,fft*0  and  From  fyrmola  (a) 

M^.^^'Kl'^M  CAJ 
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SZMOflitlTS  AT  SUPPORTS:  COf1TmOU5Be/irf5,i9U4L5Pj4M5 AND  EQUAL  UHirORM  LOADS. 


0 


A 2: a 

§  A 2S 2S a  ^ 

3.  ^  0  4  U  D  i^  3. 

^  A 3 s 2S a  k 

/  ^  0         -1        ^i         .1  0  \  4. 

8                                       /^             /^              iiSt  ^ 

3|  A S 3 3 S 3  ^ 

^-  ^       -i      -i      -i      -i       ^  '■ 

£ S 3 3 2: 3 3 

6  0  II  8  9  8  II  0  6 

3 3 3 3 3 3 2S 3 

7  0  -!L  JL  li  //  II  IS  0    7 

'-  "       m       147       m      w       -m      -m        "'  '- 

COCrncieHTSOF  w7',  w/ierew'/oddperuiit  lenqlh  and  hltnqlh  oPone^an.  Eandl  cons f ant. 
Maximum  positive  moment  in  any  span  can  be  calculated  From  formula  56  i. 


58  SKAifSATSuppoRTS.CoNTinuous Beams,  equal  Spans AfioEQUALUniFORM Loads. 


0.*^      -fo  I. 


3 3 3 

g  8         a    8         o  \  S 

*  3 3 ZS 3  S 

i  ^^  0^^        -iy^i      -i*^       .4.0  ^l 

^'  ll  "'^10        rV       IO'*M       id'"  \  * 

5  -fi 3 3 3 3  k 

y    «  ^.11         17.15         liJS         ISM        II  n  .&  V 

'•  I  ^'*n       -B'^a       -Tf^TS       -f8'*F8       -78'"  I  '• 

■*•                 "'*it        38'*38       38'18        J8'^       38'  38       38'"  * 

3 3 3 2: 3 25: 3 

6  Oi^       -6i*if    .41.51      MJJ    .SLJl      Jl^.65    .41  A  6 

'm       104'  104     I04'*I04       M'M     184^184       104'  104     ill' 

3 3 3 2: 3 3 3 3 

7  0*^        '^J^       €M        ^*2        ^1 J2       78.67        n.8S       S6 0  7 

•  'Hk     at' St    147' le    'ua'^     ig'm  -i4i'*i4t    'lirm    ifr  ' 

CKFFICIENTSOPmI,  wherew'loadperonitlenqthandl'lenqthoFspan.  5 and  I  constant. 
Reactions  at  supports  equal  algebraic  difference  of  shears  to  HgM  and  left. 
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59,  ConTmou5BiAM5,  Cm:eN7RAT£D  lo403.  Constant Morim  Of /neRTiA  and  MoouiusorttASTiciTr, 


Unqth,    i,...7#..J....4 
Support,  I  2 

/Text  ion,  R,  Ri 


"3-  . 


Tloment,  Mf 


Ml 


"      i 


"*•■       : 

^vjJj*tL.  .J 

(n^ljiispen 
,-.-, .... 


Relation  bet^eer^ /rfoments  at  supports  For  n^lTdpc/fntlj^spans^ 


5^par  /?  Mp  rigtttoFntlisupportt 
Shear  to  n^fhtoffmt)^ support, 

Sheaf  at  any  point  in  o^span, 

^jt""^'^^!  9ififerefF„  equals       (F) 
the  sum  oF the  loads  hetiveen 
nH^  support  and  point  considered. 

Point  oFmax,  positive  monrfentin  niiispan, 
ThemaM.positiye  moment  occurs 
nrhere  shear^os  calculated FromCF) 
passes  through  zero.  FhispoM  is 
a/waysatoneoF the  loads,  (h) 

iXPLANATTON  0FF0Rtl0LA5:  (5eeunder56.) 


(a) 


(C) 


(ej 


Shear  to  left  oFfn*IJ^  support, 

Reactionatfn^)^ support, 

/^fHrCrCmeRry/) 

Moment  at  anypoint  in  n^span, 

M,;FJ,^Vy£fPJx-kJJlwhere  (q) 
^l^fjT'kMeguals  the  sumoFthe 
moments  oFthe  loads,  detureen 
the  nitf  support  and  the  point  con- 
sidered,  about  the  point 

Maxinfum positive  moment  in  the  ntiTspan, 
AFter  thepointoFmaM  positive 
moment  has  be  located os  de  scribed 
in(h)  the  value  oFx  thus  deber mined 
is  substitutedh(g)andFfxd(termioed. 


SpeciAL  Casc, 

ForabeamoF two  unequal  spans  with  unegu^  concentrated  hads  and  with  ends 
simply  supported,  M,-0,Mj'0  and  Formulaca)  reduces  to- 


€0.(klHTm0USB£AMS0rTlii0ATI0THR£e[(fUAL5PATfS:(hifbrmload,vv,perimitlHi^^^ 

fTOTOWTO ,-j^        jprororo^ ^ ^        ^ — i£-2 ^ ^ 

Moment,      0,       -1/16,        0,       0,      -I/IS.     tl/60,       0,        0.        -I/IO,     i-^,       0, 
Reaction,    if/Jtb,  ^  i-^S,     -1/16,   ^3/iO,  ^F^,     -l/lO,     i-l/bO,  ^4/fO,   t29/40,    -50,    ^1/40, 


& — '     A 


-K ■ 2: 2 

'iifO,     -3/40,      0. 


tloment,      0,       -JT/J/,       0.       0,        -1/20,    -1/20,       0,        0, 

Reacthn,  ^15/32. -f^ll/lb,    '3/32,  -10,     tim    *  11/20,    "1/20,   -3/40,  i-2i0,    ^2V4O,-30, 

CoeFFiients  oF wi^andPl^For moments  at  supports,andoFi¥landl}  For  reactions  at  supports. 

By  additknoFproper  cases  anybeam  maybe  solved.  For  sheors  and  moments  bet treen  supports  seeSbiSA 


36 
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Diagrams. 


OenCRAL  rORMULAS. 


For  fs'l6fi00,fr6S0,n-lS. 


61.  lf[CrAn6ULARB£4M5:FeinForced 
For  tension  ooiy: 


%^n\ 


:  b  : 


f::BM    .     k  e    Ipp . 
^'Jkbd'-mn^k" 

Steel nthmddfpthjbaiancedrmfmmoti 


'■fB'''^' 


k' 0.579; 
J-0.87i7;   , 

He' lis: 

Fs' 16000} 
fe  '650: 


Steel  ratio  and  depth, 
bilMcedretnforctmiit, 


6L5LAB5:  Values  Forl^'strip. 
ReinForced For  tension  only. 


k^yipn^p^n^-^pn^jjj^;  j^l-jk; 

Ms-FsAJd^lZFspjd'i"  t1c:6ikjdh 

F^H-JL  . 
'  Ajd'llpjd'' 

F=-tL  -  k  c,?pc. 
^'6/kd['(H0/''r'' 
5teelr3l!cmddeptb,bslaiKedreyirameiit, 


P' 


WM 


d'W-; 


k^O.379: 
j'O.BW; 
f^'/290df; 

fle'M*: 
Fs-16000} 
^'650; 
Stee/ ratio,  depthandstetl 
area,balaiietdfntr$tvimei 
p^O.0077  ; 
d'OMSYil  ; 

A'0.0026YFfj 


6i.  T-BlAMSiHtqhct'nqfvi^rssiM 
ittWeb.F^t'iyiriirtli»'kd"»se6l. 


;_/  t  ikd-2t.  * 
J-'  idlkdT' 

f%'Fs^jd=r^jl>d';ti-[l-^pJbd; 
Ujd'pibd'''^'(l-k)/" 

steel ratio,b9/9nced reinforcenfent, 

"'fd-iM^j 


k-0.379 

J''  3d0.758d-t 
Ms=l6000pjbd' 

F1c-ri, 

fs=i6OOO;Fc-€S0i 

Steel  ratio,  balanced remF 

P'm3(Z-F.64l^)t; 
a  d 


64.  RiCTAftOUiJRBFAm-.lfeinForced 
For  tension  and  compression. 

rd-'d'.    :  i  . 


u   ik'(l-ilOtlk-rXI-r)p'h .       '^ 
^  (l-k)pn  ^' 

f1,-F,Ajd.FsPJbd';  ffc'i^nFcAjd. 
Steel  ratio,  MwncedreinForcement, 


k^O.379 

:^jmiS^.mTXhr)p' 
^'  M47df(.579'rjp' 

Ms  use  general Formok 

Fs'ldOOC^F/'SHSO'tSTJr; 
Fc-650; 

Steel  ratio,  balanced 
reinForcement, 

P'fi.60M-li094r)pilim7, 
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m 


65  SttCAR,  Bow  AND  WtB  RmroRcmfriT, 

66.  COLOI1N5:l!'atlooFla>gUilokaslKiyth</2 

In  the  Fo/lomngfarmuJasJaf  refers 

Axial  load  For qiyeo  unit  stress. 

to  arm  of  resist  inq  coup/eat  section  m 

P=Fc  (4c  i-n4J  =Fj[Ufn-/)f^ . 

question,  and  fo,  to  tension  iarsat  section. 

Unitstress  For  gi\en  axial  load. 

Shear  tnConcrete&BondStressmTeost/eSteei, 

^V/X/.y'^-''^' 

Rectanquiar  Beams,  f^JL  .  /•-  ^  . 
(smqieordoifUermforcedl}  '  ^^'  '^ ^ojj* 

Sttrri^Sj  A/irectanqif/ar  beanfsand  f-beams. 

67.  mo/firif/e  STRESSES  Foif  Static  lOAOS^5.C.CJ 

UltimateStreoqthsForllariousMtxtures, 

¥ertica/ stirrups,  P-%;  s-S^ 

inPounds  per  square  inch 
Aqqnqate                  I.Z  4  I2i:5  1:3:6 

Stirrtps  inclined 45 f (not  bent  cp  bars) 

Granite                               2200    1800    MO 
6rawl,l/»n/lia>es6meersmkMt»  2000    1600    1300 

SoFtlimestoneerSindslone        1500    1200    WOO 

l¥orkinq5lre3s,perceotoFl/ltimale5trei>gth: 

P=Total  stress /none  stirrt^.  y^amoan^of 

ge8n'nf323;4mi&)mp.22.5;Comp.Fiber5tress32.5; 

shear  not  carried  by  concrete. 

Shear:  limf»m&aH^to^2.0;lirtd'irsb»>l,9>  3.0; 

For  approximate  results  J  =^  in  Fonnu/as. 

Shear:  thw9ii^ir^rpiiiF.6.O;80iMl,  brs4.0,  wire  2.0. 

68.  Safe  Loads  ON  RetiiFOFC£D  Concrete  Slabs-,  ^=i60O0,/^=6S0jn=l5,  M=^w2^             \ 

{I 

|l 

\^ 

Span  in  Feet  for  Safe  live  Lbad 
in  Pounds  per  Square  Foot  t^Slab. 

1! 

t1=jgw2UForli^^iv2^ multiply  spanlenqtti5by0.894) 

40 
lb. 

50 
lb. 

75 
Lb. 

100 
Lb 

125 
lb. 

ISO 
lb. 

200 
Lb 

250 
Lb. 

300 
lb. 

350 
Lb 

400 
Lb. 

In. 

In. 

Sq.ln. 

lb. 

3 

* 

0.208 

38 

84 

7.9 

7.0 

63 

5J8 

54 

43 

43 

4.0 

3.7 

3£ 

3i 

% 

0.254 

44 

9.6 

9.5 

83 

7J 

6.9 

63 

5.8 

53 

4.9 

43 

43 

4 

0.277 

50 

104 

9.0 

8£ 

8JI 

74 

7.0 

62 

5.7 

53 

4j9 

4.7 

4-2 

0325 

56 

11.7 

11.2 

lOLO 

9.2 

8.5 

80 

72 

6.6 

6.1 

5.7 

54 

5 , 

0.369 

65 

12.9 

123 

112 

103 

9.6 

9J0 

8.1 

74 

6.9 

63 

61 

Si 

0.416 

69 

I4J 

13.5 

12.3 

113 

103 

lOJ) 

9.0 

S3 

17 

7.2 

6.8 

6 

,1 

li 

0439 

75 

143 

133 

12.7 

11.8 

11.0 

104 

94 

8.6 

80 

7J 

7.1 

69.  SafeIoadso/I RElNFORCeo CwiCRETE Slabs: ^=/6000,  Fc'650,r}-lS,    M'^wi'            \ 

1 

II 

\t 

Span  in  Feet  For  5aFe  Live  load 
in  Founds  per  Square  Foot  oFSIab. 

3^ 

M'^ni2i  (ForM^jwl^mulliply  span  lengths  bya8l7) 

40 
Lb. 

50 
Lb. 

75 
Lb. 

100 
Lb. 

125 
lb. 

150 
lb 

200 
lb. 

250 
lb. 

500 
lb. 

350 
Lb 

400 
Lb 

In 

In. 

5q.ln. 

lb. 

3 

hk 

0.208 

38 

92 

8.6 

7.6 

6.9 

64 

£.9 

52 

48 

44 

4.1 

3.9 

M 

«f 

0.254 

44 

IDA 

102 

9J 

82 

7.6 

7.1 

63 

.5.8 

53 

.5.0 

4.7 

4 

/ 

0.277 

50 

11.4 

m 

9.6 

8.8 

82 

7.6 

6.8 

62 

5.8 

54 

51 

4i 

/ 

0.321 

56 

122 

12.2 

11.0 

m 

93 

8.8 

73 

7.2 

6.7 

6.2 

5.9 

5 

/ 

0369 

61 

142 

133 

122 

113 

103 

93 

83 

8J 

7.5 

7.1 

6.7 

5k 

/, 

0.416 

69 

153 

143 

13.5 

124 

11.6 

109 

9.9 

9.1 

8.4 

7.9 

7.5 

6 

li 

0.439 

75 

15.9 

153 
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STRESSES  IN  FRAMED  STRUCTURES. 

Loftds. — ^The  stresses  in  roof  trusses  are  due  to  (i)  the  dead  load,  (2)  the  snow  load»  (3)  the 
wind  load,  and  (4)  concentrated  and  moving  loads.  Data  for  dead  loads,  snow  loads,  wind 
loads,  crane  loads  and  other  loads  to  be  carried  on  trusses  are  given  in  Chapter  I  to  Chapter  IV, 
inclusive.  The  loads  on  roof-  trusses  are  commonly  given  as  a  certain  number  of  lb.  per  sq.  ft. 
of  horizontal  projection  of  the  roof.  The  loads  are  assumed  to  be  transferred  to  the  truss  by 
means  of  purlins  acting  as  simple  beams,  the  joint  loads  being  equal  to  the  purlin  reactions. 

Methods  of  Calcolation. — ^The  determination  of  the  reactions  of  simple  framed  structures 
usually  requires  the  use  of  the  three  fundamental  equations  of  equilibrium 

Z  horizontal  components  of  forces        »  o  (a) 

2  vertical  components  of  forces  ■■  o  (b) 

Z  moments  of  forces  about  any  point  »  o  (c) 

Having  completely  determined  the  external  forces,  the  internal  stresses  may  be  obtained 
by  either  equations  (a)  and  (b)  (resolution),  or  equation  (r)  (moments).  These  equations  may 
be  solved  by  graphics  or  by  algebra.    There  are,  therefore,  four  methods  of  calculating  stresses: 

Graphic  Method 

Algebraic  Method 

Graphic  Method 

Algebraic  Method 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  four 
methods.  The  method  of  calculating  the  stresses  in  roof  trusses  by  means  of  graphic  resolution 
will  be  explained  in  detail.  For  the  calculation  of  the  stresses  in  roof  trusses  and  other  framed 
structures  by  algebraic  resolution  and  by  algebraic  and  graphic  moments  the  reader  is  referred 
to  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

Gmphic  Resolution. — In  Fig.  i  the  reactions  Ri  and  Rt  are  found  by  means  of  the  force  and 
equilibrium  polygons  as  shown  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then  applied 
to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  L^  the  forces  are  shown  in  (c), 
and  the  force  triangle  in  {d).  The  reaction  Ri  is  known  and  acts  up,  the  upper  chord  stress  i-x 
acts  downward  to  the  left,  and  the  lower  chord  stress  i-y  acts  to  the  right,  closing  the  polygon. 
Stress  i-x  is  compression  and  stress  i-y  is  tension,  as  can  be  seen  by  applying  the  arrows  to  the 
members  in  (c).  The  force  polygon  at  joint  Ui  is  then  constructed  as  in  (/).  Stress  i-x  acting 
toward  jotnt~£/i  and  load  Pi  acting  downward  are  known,  and  stresses  i~2  and  2-x  are  found  by 
completing  the  polygon.  Stresses  2-x  and  i~2  are  compression.  The  force  polygons  at  joints 
Li  and  Ut  are  constructed,  in  the  order  given,  in  the  same  manner.  The  known  forces  at  any 
joint  are  indicated  in  direction  in  the  force  polygon  by  double  arrows,  and  the  unknown  forces 
are  indicated  in  direction  by  single  arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are  the  same  as  in  the  left,  and 
the  force  polygons  are,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons  for 
all  the  j<Mnts  of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k).  Compression  in  the 
stress  diagram  and  truss  is  indicated  by  arrows  acting  toward  the  ends  of  the  stress  lines  and  toward 
the  joints,  respectively,  and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  the 
stress  lines  and  away  from  the  joints,  respectively  The  first  time  a  stress  is  used  a  single  arrow, 
and  the  second  time  the  stress  is  used  a  double  arrow  is  used  to  indicate  direction.  The  stress 
diagram  in  (k)  Fig.  i  is  called  a  Maxwell  diagram  or  a  reciprocal  polygon  diagram,  t.  e.,  areas 
in  the  truss  diagram  become  points  in  the  stress  diagram.  The  notation  used  is  known  as  Bow*s 
notation.  The  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating 
stresses  in  roof  trusses  and  in  simple  framed  structures  with  inclined  chords. 

STRBSSSS  IN  ROOF  TRUSSES.— The  methods  of  calculating  dead  load,  snow  load,  and 
wind  load  stresses  in  roof  trusses  by  graphic  resolution  will  be  briefly  described. 
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Dead  Lo«d  Stresses. — ^The  dead  load  is  made  up  of  the  weight  of  the  truss  and  the  roof 
covering,  and  is  usually  considered  as  applied  at  the  panel  points  of  the  upper  chords  in  computing 
stresses  in  roof  trusses.  If  the  purlins  do  not  come  at  the  panel  points,  the  upper  chord  will  have 
to  be  designed  for  direct  stress  and  stress  due  to  flexure. 

The  stress  in  a  Fink  truss  due  to  dead  loads  is  calculated  by  graphic  resolution  in  (a)  Fig.  3. 

The  loads  are  laid  off,  the  reactions  found,  and  the  stresses  calculated  beginning  at  joint  Lo, 
as  explained  in  Fig.  i.  The  stress  diagram  for  the  right  half  of  the  truss  need  not  be  drawn 
where  the  truss  and  loads  are  symmetrical  as  in  (a)  Fig.  2 ;  however,  it  gives  a  check  on  the  accuracy 
of  the  work  and  is  well  worth  the  extra  time  required.  The  loads  Pi  on  the  abutments  have  no 
effect  on  the  stresses  in  the  truss,  and  may  be  omitted  in  this  solution. 

In  calculating  the  stresses  at  joint  Pi,  the  stresses  in  the  members  3-4,  4-5  and  x~s  are 
unknown,  and  the  solution  appears  to  be  indeterminate.  The  solution  is  easily  made  by  cutting 
out  members  4-5  and  5-6,  and  replacing  them  with  the  dotted  member  shown.  The  stresses  in 
the  members  in  the  modified  truss  are  now  obtained  up  to  and  including  stresses  6-x  and  6-7. 
Since  the  stresses  6-x  and  6-7  are  independent  of  the  form  of  the  framework  to  the  left,  as  can 
easily  be  seen  by  cutting  a  section  through  the  members  6-«,  6-7  and  7-y,  the  solution  can  be 
carried  back  and  the  apparent  ambiguity  removed.  The  ambiguity  can  also  be  removed  by  cal- 
culating the  stress  in  7-y  by  algebraic  moments  and  substituting  it  in  the  stress  diagram.  It  will 
be  noted  that  all  top  chord  members  are  in  compression  and  all  bottom  chord  members  are  in 
tension. 

Snow  Lo«d  Stresses. — ^Large  snow  storms  nearly  always  occur  in  still  weather,  and  the 
maximum  snow  load  will  therefore  be  a  uniformly  distributed  load.  A  heavy  wind  may  follow  a 
sleet  storm  and  a  snow  load  equal  to  the  minimum  given  in  §  19,  "  Specifications  for  Steel  Frame 
Buildings,"  Chapter  I,  should  be  considered  as  acting  at  the  same  time  as  the  wind  load.  The 
stresses  due  to  snow  load  are  found  in  the  same  manner  as  the  dead  load  stresses. 

Wind  Losd  Stresses. — ^The  stresses  in  trusses  due  to  wind  load  will  depend  upon  the  direction 
and  intensity  of  the  wind,  and  the  condition  of  the  end  supports.  The  wind  is  commonly  con- 
sidered as  acting  horizontally,  and  the  normal  component,  as  determined  by  one  of  the  formulas 
in  §  20,  "  Specifications  for  Steel  Frame  Buildings,"  Chapter  I,  is  taken. 

The  ends  of  the  truss  may  (i)  be  rigidly  fixed  to  the  abutment  walls,  (2)  be  equally  free  to 
move,  or  (3)  may -have  one  end  fixed  and  the  other  end  on  rollers.  When  both  ends  of  the  truss 
are  rigidly  fixed  to  the  abutment  walls  (i)  the  reactions  are  parallel  to  each  other  and  to  the 
resultant  of  the  external  loads;  where  both  ends  of  the  truss  are  equally  free  to  move  (2)  the 
horizontal  components  of  the  reactions  are  equal;  and  where  one  end  is  fixed  and  the  other  end 
is  on  frictionless  rollers  (3)  the  reaction  at  the  roller  end  will  always  be  vertical.  Either  case  (i) 
or  case  (3)  is  conunonly  assumed  in  calculating  wind  load  stresses  in  trusses.  Case  (2)  is  the  con- 
dition in  a  portal  or  a  framed  bent.  The  vertical  components  of  the  reactions  are  independent  of 
the  condition  of  the  ends. 

Wind  Load  Stresses:  No  RoUers. — The  stresses  due  to  a  normal  wind  load,  in  a  Fink  truss 
with  both  ends  fixed  to  rigid  walls,  are  calculated  by  graphic  resolution  in  {b)  Fig.  2.  The  reac- 
tions are  parallel  and  their  sum  equals  the  sum  of  the  external  loads;  they  are  found  by  means  of 
force  and  equilibrium  polygons.  To  calculate  the  reactions,  lay  off  the  loads  Pi,  Ps,  Pi,  P4*  Pf, 
as  shown,  and  select  the  pole  O  at  any  convenient  point.  Then  at  a  point  on  line  of  action  of  Pi 
in  the  truss  diagram,  draw  strings  parallel  to  the  rajrs  drawn  through  the  ends  of  Pi  in  the  force 
polygon.  The  string  drawn  parallel  to  the  ray  common  to  forces  Pi  and  Ps  in  the  force  polygon 
will  cut  the  force  Ps  in  the  truss  di^^ram.  Through  this  point  draw  a  string  parallel  to  the  ray 
common  to  forces  Ps  and  P«  in  the  force  polygon,  and  so  on  until  the  strings  drawn  parallel  to 
the  outside  rajrs  meet  on  the  resultant  of  all  the  loads.  The  closing  line  of  the  force  polygon 
connects  the  two  points  on  the  reactions.  Through  point  0  in  the  force  polygon  draw  line  0~Y 
parallel  to  the  closing  line  in  the  equilibrium  polygon,  Ri  and  Rt  are  the  reactions,  as  shown. 

The  stress  diagram  is  constructed  in  the  same  manner  as  that  for  dead  loads.  Heavy  lines 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 
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The  ambiguity  at  joint  Pi  is  removed  by  means  of  the  dotted  member,  as  in  the  case  of  the 
dead  load  stress  diagram.  It  will  be  seen  that  there  are  no  stresses  in  the  dotted  web  members 
in  the  right  segment  of  the  truss.  It  is  necessary  to  carry  the  solution  entirely  through  the 
truss,  beginning  at  the  left  reaction  and  checking  up  at  the  right  reaction.  It  will  be  seen  that 
the  load  Pi  has  no  effect  on  the  stresses  in  the  truss  in  this  case»  the  left  reaction  being  simply 
reduced  if  Pi  is  omitted. 
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Fig.  I. 

Wind  Load  Stresses:  Rollers. — ^Trusses  longer  than  70  ft.  are  usually  fixed  at  one  end,  and 
are  supported  on  rollers  at  the  other  end.  The  reaction  at  the  ipUer  end  is  then  vertical — ^the  hori- 
zontal component  of  the  external  wind  force  being  all  taken  by  the  fixed  end.  The  wind  may 
come  on  either  side  of  the  truss,  giving  rise  to  two  conditions:  (i)  rollers  leeward  and  (2}  rollers 
windward,  each  requiring  a  separate  solution. 

Rollers  Leeward. — ^The  wind  load  stresses  in  a  triangular  Pratt  truss  with  rollers  under  the 
leeward  side  are  calculated  by  graphic  resolution  in  (c)  Fig.  2, 

The  reactions  in  (c)  Fig.  2  were  first  determined  by  means  of  force  and  equilibrium  polygons, 
on  the  assumption  that  they  were  parallel-  to  each  other  and  to  the  resultant  of  the  external  loads. 
Then  since  the  reaction  at  the  roller  end  is  vertical  and  the  horizontal  component  at  the  fixed  end 
is  equal  to  the  horizontal  component  of  the  external  wind  forces,  the  true  reactions  were  obtained 
by  closing  the  force  polygon. 

In  order  that  the  truss  be  in  equilibrium  under  the  action  of  the  three  external  forces,  Ru  Rt 
and  the  resultant  of  the  wind  loads,  the  three  external  forces  must  meet  in  a  point  if  produced. 
This  furnishes  a  method  for  determining  the  reactions,  where  the  direction  and  line  of  action  of 
one  and  a  point  in  the  line  of  action  of  the  other  are  known,  providing  the  point  of  intersection 
of  the  three  forces  comes  within  the  limits  of  the  drawing  board. 

The  stress  diagram  is  constructed  in  the  same  way  as  the  stress  diagram  for  dead  loads. 
It  will  be  seen  that  the  load  Pi  has  no  effect  on  the  stresses  in  the  truss  in  this  case.  Heavy  lines 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 

Rollers  Windward, — ^The  wind  toad  stresses  in  the  same  triangular  Pratt  truss  as  shown  in 
(c)  Fig.  2,  with  rollers  under  the  windward  side  of  the  truss  are  calculated  by  graphic  resolution 
in  (d)  Fig.  2. 

The  true  reactions  were  determined  directly  by  means  of  force  and  equilibrium  polygons. 
The  direction  of  the  reaction  Ri  is  known  to  be  vertical,  but  the  direction  of  the  reaction  Rf  is 
unknown,  the  only  known  point  in  its  line  of  action  being  the  right  abutment.  The  equilibrium 
polygon  is  drawn  to  pass  through  the  right  abutment  and  the  direction  of  the  right  reaction  is 
determined  by  connecting  the  point  of  intersection  of  the  vertical  reaction  Ri  and  the  line  drawn 
through  O  parallel  to  the  dosing  line  of  the  equilibrium  polygon,  with  the  lower  end  of  the  load  line. 
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(3)  D£AP  Loads 
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Fig.  2. 
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Since  the  vertical  components  of  the  reactions  are  independent  of  the  conditions  of  the  ends 
of  the  truss,  the  vertical  components  of  the  reactions  in  (c)  and  (d)  Fig.  2  are  the  same.  It  will 
be  seen  that  the  load  Pi  produces  stress  in  the  members  of  the  truss  with  rollers  windward.  If 
the  line  of  action  of  Rt  drops  below  the  joint  Pi,  the  lower  chord  of  the  truss  will  be  in  compression, 
as  will  be  seen  by  taking  moments  about  Ps. 

STRESSES  IN  A  TRANSVERSE  BENT.— A  transverse  bent  in  a  steel  mill  building 
consists  of  a  roof  truss  supported  at  the  ends  on  columns  and  braced  against  longitudinal  move- 
ment by  means  of  knee  braces,  Fig.  3.  The  ends  of  the  columns  may  be  fixed  at  the  base  or 
may  be  free  to  turn  (pin-connected).  The  stresses  in  a  transverse  bent  are  statically  indeterminate 
and  cannot  be  calculated  without  taking  in  account  the  deformations  of  the  members  themselves. 
The  following  approximate  method,  proposed  by  the  author  in  the  first  edition  of  "  The  De- 
sign of  Steel  Mill  Buildings,"  1903,  gives  results  that  are  approximately  correct,  are  on  the  safe 
side,  and  is  the  method  now  used  in  practice. 

Dead  and  Snow  Load  Stresses. — ^The  stresses  due  to  dead  and  snow  loads  in  trusses  of  a 
transverse  bent  are  calculated  the  same  as  though  the  trusses  were  supported  on  solid  walls. 

Wind  Load  Stresses. — The  external  wind  loads  may  be  taken  (i)  as  horizontal  or  (2)  as  normal 
to  the  surface.  The  columns  will  be  assumed  to  be  pin-connected  at  the  tops  and  to  be  either  pin- 
connected  or  fixed  at  the  base.  It  will  be  assumed  that  the  horizontal  reactions  at  the  foot  of 
the  columns  are  equal  to  each  other,  and  equal  to  one-half  of  the  horizontal  component  of  the 
external  wind  load.  It  is  also  assumed  that  the  truss  does  not  change  its  length,  and  that  the 
deflection  of  the  columns  at  the  top  of  the  columns  and  at  the  foot  of  the  knee  brace  are  equal. 

It  is  shown  in  **  The  Design  of  Steel  Mill  Buildings  "  that  when  the  columns  are  fixed  at 
the  base  the  point  of  contra-flexure  comes  at  a  distance  of  from  }  to  {  of  the  distance  from  the 
foot  of  the  column  to  the  foot  of  the  knee  brace.  It  is  usually  assumed  that  the  point  of  contra- 
flexure  is  located  at  a  point  in  the  column  one-half  the  distance  from  the  foot  of  the  column  to 
the  foot  of  the  knee  brace.  U  h  »  height  of  the  column,  d  »  height  from  the  base  of  the  column 
to  the  foot  of  the  knee  brace,  then  the  distance  from  the  base  of  the  column  to  the  point  of  contra- 
flexure  will  be 

^       2{2d+h)'  ^^^ 

The  calculation  of  the  wind  stresses  in  a  transverse  bent  with  a  monitor  ventilator  is  shonfo  in 
Fig.  3.  The  bents  are  spaced  32  ft.  centers  and  are  designed  for  a  horizontal  wind  load  of  20  lb.  per 
sq.  ft.,  the  normal  wind  load  being  calculated  by  Mutton's  formula.  Fig.  3,  Chapter  I.  The  point 
of  contra-flexure  is  found  by  substituting  in  equation  (4)  to  be 


2    \6i-h42.5/ 


The  external  forces  are  cakulated  for  the  bent  above  the  point  of  contra-flexure  by  multiplying 
the  area  supported  at  the  point  by  the  intensity  of  the  wind  pressure.  For  example,  the  load  at 
B  is  32'  X  6.75'  X  20  lb.  =  4320  lb. 

The  line  of  application  and  the  amount  of  the  external  wind  load,  XW,  is  found  by  means 
of  a  force  and  an  equilibrium  polygon.  XW  acts  through  the  intersection  of  the  strings  parallel 
to  the  rays  0-B  and  O-  C,  and  b  equal  to  C~B  (line  C-B  is  not  drawn  in  force  polygon)  in  amount. 
The  reactions  R  and  Rf  may  be  cakulated  graf^iically  as  follows: — Lay  off  the  total  wind  load 
XW  ao  that  it  will  be  bisected  by  point  A  in  Fig.  3.  PerpendicularB  dropped  from  the  ends  of 
load  line  ZH^  to  the  dotted  lines  i4B  and  i4C  will  give  V  -  12,800  lb.,  and  K  »  700  lb.,  respec- 
'  tively.    Then  R  and  Rf  are  calculated  as  shown. 

The  cakulation  of  stresses  b  begun  at  point  B  in  the  windward  column,  and  in  the  stress 
diagram  the  stresses  at  B  are  found  by  drawing  the  force  polygon  a-B-A-if-a.  The  remaining 
stresses  are  calculated  as  for  a  simple  truss.  In  calculating  the  stresses  in  the  ventilator  it  was 
assumed  that  diagonals  <^lo  and  ia-12  are  tension  members,  so  that  <^io  will  not  be  in  action 
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when  the  wind  is  acting  as  shown.  Before  solving  the  stresses  at  the  joint  6-7-9  ^t  was  necessary 
to  calculate  the  stresses  in  members  t-ii,  lo-ii  and  ^h.  The  remainder  of  the  solution  offers 
no  difficulty  to  one  familiar  with  the  principles  of  graphic  statics. 


<f     tf     Hf    hC  ff 

uumij 


Otad  Load '20  Ib^  s^HLhon 
MM  Load' 20/^  '  ' 


8  A        4 

WIND  LOAD  S7Pe55  DIAGRAM 
Columns  Fix£o 

Fig.  3. 

The  stress  in  post  b~a  is  equal  to  V,  while  the  stress  in  i-c  is  found  by  extending  i-c  to  ^ 
in  the  stress  diagram,  (/  being  a  point  on  the  load  line.  The  stress  in  post  n-A  is  equal  to  V\ 
while  the  stress  in  ig-m  is  found  by  extending  19-m  to  m'  in  the  stress  diagram,  m'  being  a  point 
on  the  horizontal  line  drawn  through  C  The  kind  of  stress  in  the  different  members  is  shown 
by  the  weight  of  lines  in  the  bent  and  stress  diagrams. 

For  a  detailed  discussion  of  the  calculations  of  the  stresses  in  a  transverse  bent,  see  "  The 
Design  of  Steel  Mill  Buildings." 

STRESSES  IN  BRIDGE  TRUSSES.— The  stresses  in  bridge  trusses  may  be  calculated 
by  applying  the  condition  equations  for  equilibrium  for  translation,  resolution;  or  by  applying 
the  condition  equation  for  equilibrium  for  rotation,  moments.  Both  resolution  and  moments  may 
be  calculated  algebraically  or  graphically,  giving  four  methods  for  calculation  the  same  as  for 
roof  trusses. 

Maximtim  Stresses. — The  criteria  for  loading  a  truss  or  beam  for  maximum  and  minimum 
stresses  are  given  on  page  160,  Chapter  IV. 

Problems. — ^The  methods  of  calculating  the  stresses  in  bridge  trusses  are  shown  by  several 
problems  taken  from  the  author's  "  The  Design  of  Highway  Bridges." 
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Problbic  i>.    Dead  Load  Stresses  in  a  Camel-back  Truss  by  Graphic  Resolution. 

(a)  ^oblem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  i6o'  o",  panel  length  20'  o", 
deotk  at  the  hip  25'  o",  depth  at  -the  center  32'  o"»  dead  load  400  lb.  per  lineal  foot  per  truss. 
Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  i"  »-  25'  o".  Scale  of 
loads,  i"  =  10,000  lb. 

{b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  Rt, 
Follow  the  order  given  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension.  All 
inclined  web  members  are  in  tension;  while  part  of  the  posts  are  in  compression  and  part  are  in 
tension.     Member  1-2  is  simply  a  hanger  and  is  always  in  tension. 

Problem  2.    Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic  Resolution. 

(a)  ProbleoL — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o,"  depth  at  hip  50'  o", 
depth  at  center  ^8'  o",  dead  load  0.9  tons  per  lineal  toot  per  truss.  Calculate  the  dead  load 
stresses  by  graphic  resolution.     Scale  of  truss,  i"  =  50'  o".     Scale  of  loads,  i"  =45  tons. 

{b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
downwards.  Calculate  i^i  and  Rt.  Calculate  the  stresses  in  the  members  at  the  left  reaction 
by  constructing  force  triangle  i-  Y-X,  Then  calculate  the  stress  in  i-^  by  constructing  polygon 
r-i-2-K.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  pass  to  joint  Wt  where  there 
appears  to  be  an  ambiguity,  stress  ^-5  being  unknown.  To  remove  the  ambiguity  proceed  as 
follows:  At  Wt  on  the  left  side  of  the  stress  diagram  assume  that  W»  is  the  stress  in  5-6  (the 
member  $-6  is  simply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  A-5  by 
completing  the  triangle  of  stresses  in  *the  auxiliary  members.  The  stresses  are  now  all  known 
at  Wt  except  3-4  and  5-F,  but  the  stress  in  4-^  is  between  the  two  unknown  stresses.  First 
complete  the  force  polygon  2-3-4-5  -  K- K-2.  Then  by  changing  the  order  the  true  pol>rgon 
2-3-4-5- K-K-2  may  be  drawn.  This  solution  is  sometimes  call^  the  method  of  sliding  in  a 
member.  The  apparent  ambiguity  at  joint  Wi  may  be  removed  in  the  same  manner.  The  stress 
diagram  is  carried  through  as  shown  and  finally  checked  up  at  Rt.  It  will  be  seen  that  there  is 
no  apparent  ambiguity  on  the  right  side  of  the  truss. 

(c)  Results. — It  will  be  seen  that  the  Petit  truss  is  an  inclined  Pratt  or  Camel-back  truss 
with  subdivided  paneb.  The  auxiliary  members  are  commonly  tension  members  in  all  except 
the  end  primary  panels  as  in  the  Baltimore  truss  in  Problem  6.  It  will  be  seen  that  the  stresses 
in  the  first  four  panels  of  the  lower  chord  are  the  same.  The  loads  in  this  type  of  Petit  truss  are 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  highway 
and  railway  bridges. 

Problem  3.    Maxxmum  and  Minimum  Stresses  in  a  Warren  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  i  ,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  algebraic  reso- 
lution.    Scale  of  truss  as  shown. 

(6)  Methods.— Dead  Load  Stresses.— Beginning  at  the  left  end  the  left  reaction  is  J?i  »  3)  W. 
The  shear  in  the  first  panel  is  3}  IT,  in  the  second  panel  is  2^11^,  in  the  third  panel  is  IH^,  and 
in  the  fourth  panel  \s  iW.  Now  resolving  at  Ri  the  stress  in  i-K  —  —  3J  W«tan  6,  stress  i-X 
■=  +  3lW"8ec  ff.  Cut  members  i-F,  1-2  and  2-X  and  the  truss  to  the  right  by  a  plane  and 
equate^ the  horizontal  components  of  the  stresses  in  the  members.  The  unknown  stress  t-X 
will  equal  the  sum  of  the  horizontal  components  of  the  stresses  in  i-K  and  1-2  with  sign  changed, 
-  -(-  3*  -  3*)^-tan  ^  -  +  7^^  tan  ^.  The  stress  in  3-7  =  -(7  +  2i)W  tan  ^  -  - 
9i)r*tan  e.  Stress  in  4-X  «  —  (—  9J  —  2j)ll^-tan  tf  -  +  iiW-tsuk  6;  stress  in  5-F  -  - 
(+  12  +  iDIT-tan^  «  +  i^iW-tSLnB;  and  the  stress  in  6-jr  »  -  (-  13J  -  i})ll^.tan^  « 
+  1 5 IF' tan  ^;  etc.  The  coefficients  of  the  chord  stresses  when  multiplied  by  W  tan  9  give 
the  stresses,  while  the  coefficients  for  the  webs  when  multiplied  by  Iv'sec  $  give  the  web 
stresses. 

liTe  Load  Stresses. — Oufrd  Stresses — ^The  maximum  chord  stresses  occur  when  the  joints 
are  all  loaded,  and  the  chord  coefficients  are  found  as  for  dead  loads.  The  minimum  live  load 
stresses  in  the  chords  occur  when  none  of  the  joints  are  loaded,  and  are  zero  for  each  member. 

Web  Stresses, — The  maximum  web  stresses  in  any  panel  occur  when  the  longer  segment  into 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it.  Tlie 
minimum  live  load  web  stresses  occur  when  the  shorter  segment  is  IcHuled  and  the  longer  segment 
has  no  loads  on  it.    The  maiimnm  strcBscs  in  members  i-X  and  1-2  occur  when  the  truss  is  fully 
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loaded.  The  shear  in  the  panel  is  3iP,  or  yP,  and  the  stress  in  i-X  =  3iP«8ec  ^  =  +  125400 
lb.,  while  the  stress  in  1-2  =  —  3JP'sec  tf  =  —  125400  lb.  The  minimum  stresses  in  I--X"  and 
i~2  are  zero.  The  maximum  stresses  in  2-3  and  3-4  occur  when  6  loads  are  on  the  right  of  the 
panel  and  there  are  no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be  equal 
to  the  left  reaction.  = -Ri  =  (6  X  3I  X  P)/8  =  V-P-  The  stress  in  2-3  =  V-P'sec  tf  =« 
+  94,080  lb.,  while  the  stress  in  3-4  =»— V^P-sectf**—  94*080  lb.  The  minimum  stresses 
in  2-3  and  3-^  will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the  corresponding 
panel  on  the  right  of  the  truss,  if  the  shorter  segment  is  loaded,  the  left  reaction  »  iP  »  the 
shear  in  the  panel.  The  minimum  stress  in  2-3  =  —  JP'sec  tf  «  —  4,480  lb.,  while  the 
minimum  stress  in  3-4  »  +  4,480  lb.  The  stresses  in  the  remaining  panels  are  calculated  in  the 
same  manner.  The  maximum  chord  stresses  are  equal  to  the  sum  of  the  dead  and  live  load  chord 
stresses.  The  minimum  chord  stresses  are  the  dead  load  chord  stresses.  The  maximum  web 
stresses  are  equal  to  the  sum  of  the  dead  and  the  maximum  live  load  web  stresses.  The  minimum 
web  stresses  are  equal  to  the  algebraic  sum  of  the  dead  load  stresses  and  the  minimum  live  load 
stresses. 

(c)  Results. — ^The  web  members  7-6  and  7-8  have  a  reversal  of  stress  from  tension  to  com- 
pression, or  the  reverse.    These  members  must  be  counterbraced  to  take  both  kinds  of  stress. 

Problem  4.    Maxdium  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  length  20'  o",  depth  24'  o'',  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  i  ,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  i"  =  20'  o". 

(b)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  place  the  dead  load 
coefficients  and  the  dead  load  stresses.  On  the  second  place  the  live  load  coefficients  and  the 
live  load  stresses.  On  the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads.  The  maximum  chord  stresses  are  the  sums  of  the  dead  and  live  load  chord  stresses,  ^hile 
the  minimum  chord  stresses  are  those  due  to  dead  load  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  stress  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
The  conditions  for  maximum  and  minimum  stresses  in  the  webs  are  the  same  as  for  the  Warren 
truss,  the  vertical  posts  having  stresses  equal  to  the  vertical  components  of  the  stresses  in  the 
inclixied  web  members  meeting  them  on  the  unloaded  (top)  chord. 

(c)  Results. — ^There  is  no  dead  load  shear  in  the  middle  panel,  but  it  is  seen  that  there  are 
stresses  in  the  counters  for  live  loads.  Only  one  of  the  counters  will  be  in  action  at  one  time 
Whenever  the  center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that  counter 
will  be  acting  that  extends  downward  toward  the  center  of  gravity.  The  numerators  of  the 
maximum  and  minimum  live  load  web  coefficients  are  o,  i,  3,  6,  10,  15,  21,  as  for  the  Warren 
truss.  This  shows  that  the  maximum  and  minimum  web  stresses  are  proportional  to  the  ordinates 
to  a  parabola. 

Problem  5.    Maximum  and  Minimum  Stresses  in  a  Deck  Baltimore  Truss  bt  Algebraic 

Resolution. 

(a)  Problem. — Given  a  deck  Baltimore  truss,  span  280'  o",  panel  length  20'  o",  depth 
40'  o ',  dead  load  0.375  tons  per  lineal  foot  per  truss,  live  load  0.625  tons  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

(6)  Methods. — Construct  three  truss  diagrams  and  use  them  as  shown. 

Dead  Load  Stresses. — ^The  auxiliary  struts  1-2,  5-6,  9-10,  etc.,  carry  a  full  dead  load  com- 
pression, while  the  auxiliarv  web  members  2-3,  6-7,  lo-ii,  etc.,  have  a  tensile  stress  of  iW'sec  9. 
The  stress  in  i-F  equals  the  shear  in  the  panel  multiplied  by  sec  ^  =  —  611^ -sec  tf.  The  stress 
in  3- K  equals  the  shear  in  the  panel  multiplied  by  sec  9,  plus  the  inclined  component  of  the  one- 
half  load  that  is  carried  toward  the  center  by  the  auxiliary  member  2-3,  —  —  (si  -h  i)W'aecB 
=  —eW'secO,  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in  3-F  =  +  6W. 
The  stress  in  4-K  is  the  horizontal  component  of  the  stress  in  3-F  =  —  6W^-tan  6.  The  stress 
in  i-X  and  2-X  =  +  6iPr-tan  $.  The  stress  in  4-5  is  the  inclined  component  of  the  shear  in 
the  panel  =  -  ^^W-aec  e.  The  stress  in  5-X  =  -  (-  6  -  ^i)W'tan  ff  =  +  loJW^-tan  $. 
The  remaining  desul  load  stresses  are  calculated  in  a  similar  manner. 

Live  Load  Web  Stresses, — ^The  maximum  shears  in  the  different  panels  occur  when  the  longer 
segment  of  the  truss  is  loaded,  while  the  minimum  shears  occur  when  the  shorter  segment  of  the 
truss  is  loaded.  The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur  for  a 
full  live  load  on  the  bridge.  The  maximum  shear  in  the  third  panel  occurs  with  all  loads  to  the 
right  of  the  panel  and  no  loads  to  the  left.  The  shear  in  the  panel  will  then  be  equal  to  the  left 
reaction  =  ii  X  i{ii  +  l)P/i4  =  ffP.    The  maximum   live  load   stress   in    4-5  will  be  « 


660  STRUCTURAL  MECHANICS.  Chap.  XVI. 

—  f  fP'sec  $.  With  a  maximum  stress  in  4-5  the  stress  in  ^-7  will  be  =  (—-66/14  +  7/i4)P- 
secB  »  —  flP'sec^.  Thb  is  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  a 
maximum  shear  in  the  panel  is  =  10  X  ii/2X^P'secB  =  —  {fP«sectf.  In  a  similar 
manner  it  will  be  found  that  maximum  stresses  in  members  8-9  and  8-1 1  occur  with  a  maximum 
shear  in  8-9.  On  the  right  side  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a 
minimum  shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results. — ^The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chords  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  through 
truss.    The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss. 

Problbic  6.    Maximum  and  Minimum  Stresses  in  a  Through  Baltdcorb  Truss  bt  Algebraic 

RssoLunoN. 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  320'  o",  panel  length  20'  o",  depth 
40'  o  ^  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,800  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  =  40'  o". 

(b)  Methods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses, — ^The  shear  in  each  of  the  hangers  is  W,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  —  JW-sectf.  The  stress  in  the  upper  part  of  the  end-post  is 
(+61 -f  D^-sec  tf  —  +7W-8ec^,  where  +6iir-sec^  b  the  stress  due  to  the  shear  and 
+  1  IT- sec  0  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diagonal 
member.    The  stress  in  the  main  diagonal  in  the  third  panel  is  —  5}pr*8ec  0,  where  SlH^  is  the 

shear  in  the  panel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  {—  4!  —  i)W»atc  0  » 

—  $W'9ec  B,  where  ^iW'aec  B  is  the  stress  due  to  the  shear  in  the  panel  and  iW'sec  $  is  the 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coefiidents 
are  calculated  as  in  Problem  5. 

Live  Load  Stresses, — ^The  maximum  shear  in  the  third  psmel  occurs  with  13  loads  to  the 
right  of  the  panel  and  with  no  loads  to  the  left  of  the  panel.  The  shear  in  the  panel  is  then  equal 
to  the  left  reaction,  equals  13  X  i(i3  +  i)  X  P/16  -  JJP.  The  stress  in  the  main  diagonal 
in  the  third  panel  is  then  equal  to  —  ^P-secB,  The  stress  in  the  main  diagonal  in  the  fourth 
panel  is  (—  f\P  +  AP)  sec  ^  =  —  fJP  sec  ^,  =  a  maximum,  the  maximum  shear  in  the  panel 
being  12  X  |(i2  +  i)  X  P/i^  ~  HP*  In  like  manner  the  maximum  stresses  are  found  in 
5th  and  6th  panels  when  there  is  a  maximum  shear  in  the  5th  panel,  and  in  the  7th  and  8th  panels 
when  there  is  a  maximum  shear  in  the  7th  panel.  Minimum  stresses  in  the  3d  and  4th  panels 
from  the  right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  m  the  5th 
and  6th  panels  when  there  is  a  minimum  shear  in  the  5th  panel. 

(p)  Results. — ^The  double  panels  next  to  the  center  require  counters.  It  should  be  noticed 
that  m  calculating  the  stresses  in  these  counters  the  diagonal  auxiliary  ties  will  have  the  dead 
load  stress  of  +  5*66  tons  as  a  minimum. 

Problem  7.    Maximum  and  Minimum  Stresses  in  a  Camel-back  Truss  by  Algx- 

BRAic  Moments. 

(a)  ProblenLr--Given  a  Camel-back  truss,  span  100'  o",  panel  length  20'  o'',  depth  at  hip 
20'  o'',  depth  at  center  25'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  per 
lineal  foot  per  truss.  Calculate  the  maximum  ancl  minimum  stresses  due  to  dead  and  live  \oid» 
by  algebraic  moments.    Scale  of  truss,  i"  «  20'  o". 

Qf)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  scaling 
from  the  drawing. 

Dead  Load  Stresses, — ^To  calculate  the  stress  in  the  end-post  LoUi,  take  center  of  moments 
at  Lu  and  pass  a  section  cutting  LoUu  U\L\  and  L\Lt,  and  cutting  away  the  truss  to  the  ri^t 
Then  assume  stress  Lo^i  as  an  external  force  acting  from  the  outside  toward  the  cut  section, 
and  stress  L^Ui  X  14.14  —  Ui  X  20  =»  o.  Now  i?i  =  6  tons  and  stress  L^Ui  -  -h  8.48  tons. 
To  calculate  the  stresses  in  LoLi  and  LiLt  take  the  center  of  moments  at  Uu  and  pass  a  section 
cutting  members  UiUt,  UiLt  and  LiLt,  and  cutting  away  the  truss  to  the  right.  Then  assume 
the  stress  in  LiLt  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  LiLtX  20 

—  i?i  X  20  =  o.  Now  Ri  "  6  tons  and  the  stress  in  LoLi  —  LiLt  —  —  6  tons.  To  calculate 
the  stress  in  Ui  Ut  take  the  center  of  moments  at  Lt,  and  pass  a  section  cutting  members  Ui  U% 
UtLt  and  LtLt,  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  Li  {/t  as  an 
external  force  acting  from  the  outside  toward  the  cut  section,  and  UiUt  X  24.25  ^  Ri  X  40  -^  W 
X  20  -  o.  Now  Ai  =  6,  PT  =  3  tons,  and  the  stress  in  UiUf  +  7.42  tons.  To  cakulate 
the  stress  in  U\Lt  take  the  center  of  moments  at  A,  and  pass  a  section  cutting  members  U\U%, 
UiLtt  and  LiLs,  and  cutting  away  the  truss  to  the  right.    Then  assume  the  stress  in  U\L%  as  an 
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external  force  adting  from  the  outside  toward  the  cut  section,  and  UiLt  X  70.7  +  l^i  X  60 
—  W  X  80  =  o.  Now  2?i  =  6  tons  and  PK  =  3  tons,  and  UiLi  X  70.7  =  —  120  ft. -tons,  and 
stress  UiLt  =  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses, — ^The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multiplied  by  8/3.  The  maximum  stress  in  UiLt  will  occur  with  loads  at  Li,  Lj',  and  Li',  while 
the  maximum  stress  in  counter  UtLi  will  occur  with  a  load  at  Li  only.  The  maximum  tension 
in  U%L2  will  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will 
occur  when  there  is  a  maximum  stress  in  the  counter  UtL2,  loads  at  Li  and  Li'.  The  details 
of  the  solution  are  shown  in  the  problem. 

(c)  Results. — ^The  stress  in  the  counter  UtL^  and  the  chords  UiUt  and  LsLs'  may  be 
calculated  by  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
having  a  depth  of  25'  o".  The  maximum  stress  in  U2L2  will  occur  with  loads  L2'  and  Li  on  the 
bridge,  when  the  left  reaction  equals  2  X  3P/5,  =  |P.  The  stress  in  C/jLj'  =  —  |P«sectf 
=  —  6.15  tons.  ^ 

Problem  8.    Maximum  and  Minimum  Stresses  in  a  Through  Warren  Truss  by 

Graphic  Moments. 

(a)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth 
20'  o  ,  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,200  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  i"  =  20'  o". 
Scale  of  loads,  i"  =  50,000  lb. 

(6)  Methods.  Chord  Stresses. — Calculate  the  center  ordinate  of  the  parabola  =wL*lSd 
=  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  1-5  at  the 
left  and  right  abutments.  Make  1-2  =  2-3  =»  3-4  =  2  (4-5).  Draw  the  inclined  lines  1-5, 
2-5,  3-5,  4-5,  5-5.  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
pomts  are  points  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Web  Stresses, — At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  1-8  equal  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
=  84,000  lbs.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4',  etc.  Connect  these  points  of  division  with  the  panel 
point  7,  the  first  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  iS^  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  3 IF,  downward  to  the  prescribed  scale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  W,  until  the  dead 
load  shear  is  —  3  IT  at  the  right  abutment.  The  dead  load  shear  diagram  is  then  constructed  as 
shown. 

Maximum  and  Minimum  Web  Stresses, — ^The  maximum  shear  in  any  panel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
are  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  Negative  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  positive  stresses  are  measured 
upwards  from  the  live  load  shear  curve. 

(c)  Results. — ^This  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different 
systems  of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that 
the  maximum  ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
odd  number  of  panels. 

Problem  9.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss  by  Algebraic 

Moments. 

(fl)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip 
50'  0",  depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1.4  tons  per 
lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  algebraic  moments.    Scale  of  truss,  i"  —  40'  o".    Scale  of  lever  arms,  any  convenient  scale. 

(b)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
half  the  truss  to  scale  on  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check 
by  scaling  from  the  diagram.     The  methods  of  calculation  will  be  shown  by  two  examples: 

I.  Stresses  in  Tie  6-7,  Dead  Load  Stress, — Pass  a  section  cutting  members  J-X,  6-7,  and 
6-y,  and  cutting  away  the  truss  to  the  right.  The  center  of  moments  will  be  at  i4,  the  inter- 
section of  chords  y-X  and  6-F.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 
the  outside  toward  the  cut   section.    Then  for  equilibrium  6-7  X  477.0  -h  J^i  X  575  —  3^' 
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X  625  =  o.     Now  Ri  =  146.25  tons  and  W  =  22.5  tons,  and  solving  the  equation  gives  stress 
5-7  =  —  87.8  tons. 

Live  Load  Stresses, — ^The  maximum  live  load  stress  in  6-7  will  occur  with  the  longer  segmetit 
of  .the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  loads  the  maximum  U^T 
load  stress  6-7  X  477-0  -{-  Ri  X  575  =  o.  Now  Ri  =  55/14  X  35  tons  =  137.5  tons,  and  the 
stress  in  6-7  =  —  165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  loaded. 
Taking  moments  about  the  point  i4,  6-7  X  477-0  +  i?i  X  575  -  3-P  X  625  =  o.  Now  Ri  =  90 
tons,  P  =  35  tons,  and  stress  in  6-7  =  +29.1  tons. 

2.  Stresses  in  Tie  4.-7,  Dead  Load  Stress. — Pass  a  section  cutting  members  7— -X",  4-7.  4"^ 
and  5-F,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  4-7  as  an  extemx 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A, 
stress  4-7  X  477.0  +  ^1  X  575  -  stress  4-5^  X  442.0  —  2  IF  X  612.5  =  o.  Now  the  membcf 
4-5  will  carry  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  I -414  = 
-f  15.9  tons.     2?i  =  146.25  tons,  and  2  IF  =^  45  tons.     Then  stress  4-7  =  —  103.6  tons. 

Lioe  Load  Stresses. — ^The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  segment 
loaded.  Taking  moments  about  A  as  for  dead  loads,  stress  4-7  X  477.0  +  -Ri  X  575  —  stress 
4-5  X  442.0  =  o.  Now  stress  4-5  =  4-24.8  tons,  and  Ri  =  66/14  X  35  =  165  tons.  Then 
stress  4-7  =  —  175.7  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  i4,  the  stress  4-7  X  477-0  +  ^1  X  575  —  2P  X  612.5  =  o  ^^* 
Ri  —  62.5  tons  and  2P  =  70  tons.    Then  stress  4-7  =  4-  14.5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in  the  two  middle  paneb 
may.  be  calculated  by  coefficients.  Check  up  the  dead  load  chord  stresses  by  comparing  with 
the  stresses  obtained  by  graphic  resolution  in  Problem  2. 

(c)  Results. — ^The  auxiliary  members  carry  the  stresses  directly  toward  the  abutments  and 
there  is  no  ambiguity  of  loading  as  in  the  case  of  a  truss  subdivided  as  in  Problem  6.  Howc^Ter, 
the  method  of  subdividing  shown  in  Problem  6  is  used  in  preference  to  that  shown  in  this  problem. 
The  Petit  truss  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridges. 

Problem  id.    Live  Load  Stresses  in  a  Through  Pratt  Truss  for  Cooper's  E  60 

Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23'  61",  depth  30'  o",  liv? 
load  Cooper's  E  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
stresses  clue  to  the  prescribed  loading  by  algebraic  moments.    Scale  of  truss,  i"  =  25'  o". 

(b)  Methods.  Chord  Stresses.— -Ca,\cu\aite  the  position  of  the  wheels  for  a  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  maximum  bending  momeflt 
at  any  joint  in  a  Pratt  truss  is,  "  the  average  load  on  the  left  of  the  section  must  be  the  same 
as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown  Having  calculateti 
the  maximum  bending  moments,  the  chord  stresses  are  found  by  dividing  the  bending  moment 
by  the  depth  of  the  truss.     The  moment  diagram  is  given  in  Table  V6,  Chapter  IV. 

Web  Stresses. — Calculate  the  position  of  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  is,  "  the  load  on  the  panel  must  equal  the 
load  on  the  bridge  divided  by  the  number  of  panels."  The  criterion  for  maximum  bending 
moment  at  Li  is  the  same  as  the  criterion  for  maximum  shear  in  panel  LoLi.  Having  deter- 
mined the  position  of  the  wheels  for  maximum  shears  in  the  different  panels,  calculate  the  maxi- 
mum shears  as  shown.     The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  ^• 

Floorbeam  Reaction. — ^The  stress  in  the  hip  vertical  UiLi  is  equal  to  the  maximum  floorbeaffl 
reaction.  This  is  calculated  as  follows:  Take  a  simple  beam  with  a  span  equal  to  the  sum  of  two 
panel  lengths  and  calculate  the  maximum  bending  moment  at  the  point  in  the  beam  corresponding 
to  the  panel  point;  in  this  case  it  will  be  the  center  of  the  span.  This  bending  moment  multiplied 
by  the  sum  of  the  panel  lengths  divided  by  the  product  of  the  panel  lengths  will  be  the  maximum 
floorbeam  reaction;  in  this  case  the  maximum  bending  moment  at  the  center  will  be  multiplied 
by  2  divided  by  the  panel  length. 

(c)  Results. — When  the  maximum  stresses  occur  in  chords  UtUt,  UtU%  and  LiLt,  counter 
U%Li  is  in  action.  It  occasionally  happens  that  there  is  more  than  one  position  of  the  loading 
that  will  satisfy  the  criterion  for  maximum  bending  moment.  In  this  case  the  moments  for  each 
loading  must  be  calculated. 

Problem  ii.    Stresses  in  the  Portal  of  a  Bridge  by  Algebraic  Moments  and 

Graphic  Resolution. 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  30'  o",  center 
to  center  width  15'  o",  load  R  =  2,000  lb.,  end-posts  pin-connected  at  the  base.  Calculate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolution.    Scales  as  shown. 
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(6)  Methods,— Now  H  =^  H'  ^  1,000  lb.  7  ==  —  V\  and  by  taking  moments  about  B, 
y  =  30  X  2,000/15  =  4,000  lb.  =  —  V\ 

Algebraic  Moments, — In  passing  sections  care  should  be  used  to  avoid  cutting  the  end-posts 
for  the  reason  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  stresses. 
To  calculate  the  stress  in  member  3-F  take  the  center  of  moments  at  joint  (i)  and  pass  a  section 
cutting  members  4-6,  3-4  and  3-  F,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  3-F  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-F 
X  10  X  0.447  4-  ZT  X  30'  =  o.  The  stress  m  3-F  =  —  6,710  lb.  The  remaining  stresses  are 
calculated  as  shown. 

Graphic  Resolution. — Lay  off  a- A  =  A-b  =  fl"  =  1,000  lb.,  and  A-Y  —  V  =  4,000  lb. 
Then  beginning  at  point  B  in  the  portal  the  force  polygon  for  equilibrium  is  a-A-Y-i'-a,  in 
which  I'-o  is  the  stress  in  the  auxiliary  member  i-o,  and  F-i'  is  the  stress  in  the  post  i-F  when 
the  auxiliary  member  is  acting.  The  true  stress  in  i-  F  is  equal  to  the  algebraic  sum  of  the  vertical^ 
components  of  the  stress  I'-a  and  F-i',  and  equals  l^'  =  —  4,000  lb.  Next  complete  the  force' 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  I'-a  is  known  and  the  force  triangle 
is  a-i'-2'-a,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A.  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress  diag^m. 
The  true  stress  in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (i)  as  shown.  The 
maximum  shear  in  the  p>osts  is  £f  »  i  ,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occur  at  the  foot  of  the  member  3-F,  joint  (3),  and  is  JIf  =  1,000  X  20  X  12  =  240,000  in.-lb. 

{c)  Results. — ^The  method  of  graphic  resolution  requires  less  work  and  is  more  simple  than 
the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corresponding  joint  on  the  oppo- 
site side,  as  might  be  inferred  from  the  figure. 

Problem  12.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problem. — Given  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top 
9'  o",  wind  loads  Po,  Pu  ^2,  Pi,  Pa,  as  showli.  Calculate  the  stresses  in  the  members  of  the 
bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by  g^phic 
resolution.  Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  =  10'  o".  Scale  of  loads, 
i"  =  2,000  lb. 

(6)  Methods. — Algebraic  Moments, — To  calculate  the  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  A^  the  point  of  intersection  of  the  inclined  posts.  Then  to 
calculate  the  stress  in  3-4,  pass  a  section  cutting  members  3--X',  3-4  and  4-  F;  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 
-f  3,000  X  19.3'  +3,000  X  II. 3/  —  o.  The  stress  3-4  =  —  5,800  lb.  Stresses  in  4-5,  5-6, 
6^7,  7-8  and  8-Z  are  calculated  in  a  similar  manner.  To  obtain  reaction  R\  take  moments  about 
Ri,  and  Ri  X  30'  -  2,000  X  15'  -  2,000  X  30*  —  3.ooo  X  45'  -  3.ooo  X  53'  =  o-  Then  Ri 
=  12,800  lb.  =  -  Ri, 

To  calculate  the  stress  in  4-F,  take  center  of  moments  at  joint  Pj,  and  pass  a  section  cutting 
members  5--X',  4-5  and  4-F,  and  assume  the  stress  in  4-F  as  an  external  force  acting  from  the 
outside  toward  the  cut  section.  Then  4-F  X  15.6'  —  3,000  X  15'  —  3,000  X  23'  =  o.  Then 
4-1"  =  +  7.300  lb. 

Graphic  Resolution. — ^The  load  Po  is  assumed  as  transferred  to  the  bent  by  means  of  the 
auxiliary  members.  The  loads  Po,  Pi,  P«,  Pi,  P*  are  laid  off  as  shown,  and  with  the  load  Po  the 
stress  triangle  F--X'-2  is  drawn.     The  remainder  of  the  solution  is  easily  followed. 

(c)  Results. — The  stress  in  the  auxiliary  member  2-F  acts  as  a  load  at  the  top  of  post  4-F. 
Load  Po  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  the  reason 
that  the  wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 
combination  with  the  dead  and  live  load  stresses  in  designing  the  columns. 
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external  force  a(5ting  from  the  outside  toward  the  cut  section,  and  UiLt  X  70.7  +  l^i  X  60 
—  PT  X  80  =  o.  Now  Ri  —  6  tons  and  PK  =  3  tons,  and  UiLt  X  70.7  =  —  120  ft.-tons,  and 
stress  UiLt  ^  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses. — The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multiplied  by  8/3.  The  maximum  stress  in  U1L2  will  occur  with  loads  at  Lt,  L%^  and  L\^  while 
the  maximum  stress  in  counter  IJ\L\  will  occur  with  a  load  at  Ly  only.  The  maximum  tension 
in  V\L%  will  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will 
occur  when  there  is  a  maximum  stress  in  the  counter  Xj%Lx,  loads  at  L\  and  L\.  The  details 
of  the  solution  are  shown  in  the  problem. 

(c)  Results. — ^The  stress  in  the  counter  UtU  and  the  chords  V\U\  and  L\L\  may  be 
calculated  by  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
having  a  depth  of  25'  o".  The  maximum  stress  in  C/sL/  will  occur  with  loads  L-i  and  L\  on  the 
bridge,  when  the  left  reaction  equals  2  X3P/5.=  f-P.  The  stress  in  U\Li  =  —  |P«sectf 
=  —  6.15  tons.  ^ 

Peoblem  8.    Maximum  and  Minimtjm  Stresses  in  a  Through  Warren  Truss  bt 

Graphic  Moments. 

(o)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth 
20'  o",  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  i  ,200  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  \"  =  20'  o''. 
Scale  of  loads,  i"  »  50,000  lb. 

(fi)  Methods.  Chifrd  Stresses. — Calculate  the  center  x>rdinate  of  the  parabola  =  W'L*/Sd 
»  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  1-5  at  the 
left  and  right  abutments.  Make  1-2  =  2-3  =  3-4  =«  2  (4-5).  Draw  the  inclined  lines  1-5, 
2~$t  3-5f  4-5f  5-5.  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
pomts  are  points  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Web  Stresses. — ^At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  1-8  equal  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
s=  84,000  lbs.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4*  etc.  Connect  these  points  of  division  with  the  panel 
point  7,  the  first  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  ^W,  downward  to  the  prescribed  «cale 
under  the  left  abutment,  and  reduce  the  shear  under  each  losid  to  the  right  by  W,  until  the  dead 
load  shear  is  —  3  IT  at  the  right  abutment.  The  dead  load  shear  diagram  is  then  constructed  as 
shown. 

Maximum  and  Minimum  Web  Stresses. — ^The  maximum  shear  in  any  panel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
are  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  N^;ative  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  positive  stresses  are  measured 
upwards  from  the  live  load  shear  curve. 

(c)  Results. — ^Thb  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different 
systems  of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that 
the  maximum  ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
odd  number  of  panels. 

Problem  9.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss  bt  Algebraic 

Moments. 

(c)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip 
50'  o",  depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  i^.  tons  per 
lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  algebraic  moments.     Scale  of  truss,  1"  —  40'  o".    Scale  of  lever  arms,  any  convenient  scale. 

(b)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
half  the  truss  to  scale  on  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check 
by  scaling  from  the  diagram.    The  methods  of  calculation  will  be  shown  by  two  examples: 

I.  Stresses  in  Tie  6-y.  Dead  Load  Stress. — Pass  a  section  cutting  members  7-a,  6-7,  and 
6-F,  and  cutting  away  the  truss  to  the  right.  The  center  of  moments  will  be  at  ^4,  the  inter- 
section of  chords  y-X  and  6-F.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 
the  outside  towaird  the  cut  section.    Then  for  equilibrium  6-7  X  477.0  +  RiX  575  —  3W 
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—  f  }P*8ec  9.  With  a  maximum  stress  in  4-5  the  stress  in  jr^  will  be  »  (—'66/14  +  71h)P' 
aecB  =  — flP'sec^.  This  is  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  a 
maximum  shear  in  the  panel  is  »  10  X  11/2X  tV-^'SCC^  »  —  {(P-sec  9.  In  a  similar 
manner  it  will  be  found  that  maximum  stresses  in  members  8-9  and  8-1 1  occur  ^th  a  maximum 
shear  in  8-9.  On  the  right  side  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a 
minimum  shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results. — ^The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chords  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  through 
truss.    The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss. 

Problem  6.    Maximum  and  Minimum  Strbssbs  in  a  Through  Baltocorb  Truss  bt  Algebraic 

RssoLunoN. 

(a)  Problem.— Given  a  through  Baltimore  truss,  span  320'  o",  panel  length  20'  o",  depth 
40'  o ',  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,800  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  =  40'  o". 

(b)  Methods. — (Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses. — ^The  shear  in  each  of  the  hangers  is  W,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  —  }  TV*  sec  9.  The  stress  in  the  upper  part  of  the  end-post  is 
(+6i  '\'i)W'secB  —  -|-7PF-sec^,  where  -|-6}lF«8ecff  is  the  stress  due  to  the  shear  and 
-^  iW'BCC  B  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diap^onal 
member.    The  stress  in  the  main  diagonal  in  the  third  panel  is  ^  5}  IF* sec  9,  where  siW  ta  the 

shear  in  the  panel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  (—4}  —  })TF*sec9  » 

—  5lF*sec  9,  where  ^iW'aec  $  is  the  stress  due  to  the  shear  in  the  panel  and  iW^sec  B  is  the 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coefficients 
are  calculated  as  in  Problem  5. 

Lioe  Load  Stresses. — ^The  maximum  shear  in  the  third  psmel  occurs  with  13  loads  to  the 
right  of  the  panel  and  with  no  loads  to  the  left  of  the  panel.  The  shear  in  the  panel  is  then  equal 
to  the  left  reaction,  equals  13  X  i(i3  +  i)  X  P/16  »  HP.  The  stress  in  the  main  diagonal 
in  the  third  panel  is  then  equal  to  —  ^P^aecB,  The  stress  in  the  main  diagonal  in  the  fourth 
panel  is  (^  I ifP  +  AP)  sec  9  «>  —  ((P  sec  9,  »  a  maximum,  the  maximum  shear  in  the  panel 
being  12  X  |(i2  +  i )  X  P/16  »  H^-  ^^  hke  manner  the  maximum  stresses  are  found  in 
5th  and  6th  paneb  when  there  is  a  maximum  shear  in  the  5th  panel,  and  in  the  7th  and  8th  panels 
when  there  is  a  maximum  shear  in  the  7th  panel.  Minimum  stresses  in  the  3d  and  ^th  panels 
from  the  right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  m  the  5th 
and  6th  ramels  when  there  is  a  minimum  shear  in  the  5th  panel. 

(f)  Resolts. — ^The  double  panels  next  to  the  center  require  counters.  ^  It  should  be  noticed 
that  m  calculating  the  stresses  in  these  counters  the  diagonal  auxiliary  ties  will  have  the  dead 
load  stress  of  +  5*66  tons  as  a  minimum. 

Problem  7.    Maximum  and  Minimum  Strbssbs  in  a  Camel-back  Truss  by  Algb- 

BRAic  Moments. 

(a)  Problem.r--Given  a  Camel-back  truss,  span  100'  &\  panel  length  20'  o'^  dqpth  at  hip 
20'  o'',  depth  at  center  2p'  o'^  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  per 
lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  ateebraic  moments.    Scale  of  truss,  i"  »  20'  o''. 

(6)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  Kaling 
from  the  drawing. 

Dead  Load  Stresses. — ^To  calculate  the  stress  in  the  end-post  L^Uu  take  center  of  moments 
at  Li,  and  pass  a  section  cutting  L^Uu  UiLi  and  LiLs,  and  cutting  away  the  truss  to  the  ri^ht. 
Then  assume  stress  LtC^i  as  an  external  force  acting  from  the  outside  toward  the  cut  section, 
and  stress  L^Ui  X  14*14  —  i^i  X  20  —  o.  Now  Ri  ^  6  tons  and  stress  L9U1  —  -|-  848  tons. 
To  calculate  the  stresses  in  LtLi  and  LtLt  take  the  center  of  moments  at  £/i,  and  pass  a  section 
cutting  members  UiUtt  U\Lt  and  LiL%,  and  cutting  awav  the  truss  to  the  right.  Then  assume 
the  stress  in  LiLtasan  external  force  acting  from  the  outside  toward  the  cut  section,  and  LiIr«X  20 
^  i^i  X  20  ~  o.  Now  Ri  ^  6  tons  and  the  stress  in  L«Li  »  LiLt  —  —  6  tons.  To  calculate 
the  stress  in  Ui  Ut  take  the  center  of  moments  at  Lt,  and  pass  a  section  cutting  members  Ui  Ut, 
(JtLt  and  LtLt,  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  LtUtas  an 
external  force  acting  from  the  outsde  toward  the  cut  section,  and  UiUt  X  24.25  ^  Ri  X  40  -^  W 
X  20  »  o.  Now  Jci  -  6,  W  ^  s  tons,  and  the  stress  in  UtUt  -  +  742  tons.  To  cakulate 
the  stress  in  UiLt  take  the  center  of  moments  at  A,  and  pass  a  section  cutting  members  UiUt, 
UxLu  and  LiLu  and  cutting  away  the  truss  to  the  right*    Then  aasnnie  the  stress  in  UiLt  as  an 
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external  force  adting  from  the  outside  toward  the  cut  section,  and  UiLt  X  70.7  +  i^i  X  60 
—  IT  X  80  =  o.  Now  Ri  ^  6  tons  and  PK  =  3  tons,  and  UiLt  X  70.7  =  —  120  ft.-tons,  and 
stress  UiLi  =  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses, — ^The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multiplied  by  8/3.  The  maximum  stress  in  UiLt  will  occur  with  loads  at  Ls,  Lt,  and  Li,  while 
the  maximum  stress  in  counter  UtLi  will  occur  with  a  load  at  Li  only.  The  maximum  tension 
in  UtLt  wUl  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will 
occur  when  there  is  a  maximum  stress  in  the  counter  UtLtf  loads  at  Lt  and  Li,  The  details 
of  the  solution  are  shown  in  the  problem. 

(c)  Results. — ^The  stress  in  the  counter  UtLt  and  the  chords  UtUt  and  LtLt  may  be 
calculated  by  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
having  a  depth  of  25'  o".  The  maximum  stress  in  UtLt  will  occur  with  loads  Lt  and  Li  on  the 
bridge,  when  the  left  reaction  equals  2  X3-P/5.=  f-P.  The  stress  in  UtLt  =  —  fP-sectf 
=  —  6.15  tons.  ^ 

Problem  8.    Maximum  and  Minimum  Stresses  in  a  Through  Warren  Truss  by 

Graphic  Moments. 

(a)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth 
20'  o ',  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,200  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  i"  »  20'  o". 
Scale  of  loads,  i"  =  50,000  lb. 

(6)  MeAods.  Chord  Stresses. — Calculate  the  center  .ordinate  of  the  parabola  =  w  L*/Sd 
=»  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  1-5  srt  the 
left  and  right  abutments.  Make  1-2  «  2-3  =  3-4  =  2  (4-5).  Draw  the  inclined  lines  1-5, 
2-5,  3-5,  4-5,  5-5.  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
pomts  are  points  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Web  Stresses, — ^At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  1-8  equal  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
»  84,000  lbs.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4*,  etc.  Connect  these  points  of  division  with  the  panel 
point  7,  the  first  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  i-8»  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  ^W,  downward  to  the  prescribed  ecale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  Pv,  until  the  dead 
load  shear  is  —  3H^  at  the  right  abutment.  The  dead  load  shear  diagram  is  then  constructed  as 
shown. 

Maximum  and  Minimum  Web  Stresses. — ^The  maximum  shear  in  any  panel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
are  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  Negative  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  positive  stresses  are  measured 
upwards  from  the  live  load  shear  curve. 

{c)  Results. — This  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different 
systems  of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that 
the  maximum  ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
odd  number  of  panels. 

Problem  9.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss  by  Algebraic 

moicents. 

(a)  ProbleoL — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip 
50'  o",  depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1.4  tons  per 
lineal  foot  per  truss.  Calculate  the  maximum  ana  minimum  stresses  due  to  dead  and  live  loads 
by  algebraic  moments.     Scale  of  truss,  i"  "=  40'  o".    Scale  of  lever  arms,  any  convenient  scale. 

(6)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
half  the  truss  to  scale  on  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check 
by  scaling  from  the  diagram.     Tne  methods  of  calculation  will  be  shown  by  two  examples: 

I.  Stresses  in  Tie  3-^.  Dead  Load  Stress. — Pass  a  section  cutting  members  7--X',  6-7,  and 
6-F,  and  cutting  away  the  truss  to  the  right.  The  center  of  moments  will  be  at  ^4,  the  inter- 
section of  chords  7-X  and  6-F.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 
the  outside  toward  the  cut  section.    Then  for  equilibrium  6-7  X  477-0  4-  -Ri  X  575  —  3W 
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X  625  =  o.  Now  Ri  =  146.25  tons  and  PT  =  22.5  tons,  and  solving  the  equation  gives  stress 
6-7  s  —  87.8  tons. 

Live  Load  Stresses. — ^The  maximum  live  load  stress  in  6-7  will  occur  with  the  longer  segment 
of  .the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  loads  the  maximum  live 
load  stress  6-7  X  477-0  +  -Ri  X  575  =  o.  Now  Ri  =  55/14  X  35  tons  =  137.5  tons,  and  the 
stress  in  6-7  =  —  165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  loaded. 
Taking  moments  about  the  point  i4,  6-7  X  477-0  +  ^1  X  575  —  3-P  X  625  =  o.  Now  i?i  =  90 
tons,  ?  =  35  tons,  and  stress  in  6-7  =  -f  29.1  tons. 

2.  Stresses  in  Tie  4-7.  Dead  Load  Stress, — Pass  a  section  cutting  members  ^-X^  4-7,  4-5 
and  5-F,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  4-7  as  an  external 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A, 
stress  4-7  X  477.0  +  22i  X  575  •-  stress  4-5  X  442.0  —  2PK  X  612.5  «  o.  Now  the  member 
4-5  will  carry  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  1414-  = 
+  I5'9  tons.     R\  =  146.25  tons,  and  217  =^45  tons.    Then  stress  4-7  =  —  103.6  tons. 

Lioe  Load  Stresses. — ^The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  segment 
loaded.  Taking  moments  about  A  as  for  dead  loads,  stress  4-7  X  477.0  -f  -Ri  X  575  —  stress 
4-5  X  442.0  =  o.  Now  stress  4-5  =  +  24.8  tons,  and  Ri  =  66/14  X  35  «  165  tons.  Then 
stress  4-7  =  —  175.7  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  A,  the  stress  4-7  X  477.0  +  Ri  X  575  —  2P  X  612.5  =  o  Now 
Ri  =  62.5  tons  and  2/*  =  70  tons.    Then  stress  4-7  ■=  +  14.5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in  the  two  middle  panels 
may.  be  calculated  by  coefficients.  Check  up  the  dead  load  chord  stresses  by  comparing  with 
the  stresses  obtained  by  graphic  resolution  in  Problem  2. 

(c)  Results. — ^The  auxiliary  members  carry  the  stresses  directly  toward  the  abutments  and 
there  is  no  ambiguity  of  loading  as  in  the  case  of  a  truss  subdivided  as  in  Problem  6.  However, 
the  method  of  subdividing  shown  in  Problem  6  is  used  in  preference  to  that  shown  in  this  problem. 
The  Petit  truss  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridges. 

Peoblem  id.    Live  Load  Stresses  in  a  Through  Pratt  Truss  for  Cooper's  E  60 

Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23'  6|",  depth  30'  o".  liv» 
load  Cooper's  E  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
stresses  due  to  the  prescribed  loading  by  algebraic  moments.    Scale  of  truss,  i"  =  25'  o". 

(6)  Methods.  Chord  Stresses.--^CaAcu]kte  the  position  of  the  wheels  for  a  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  maximum  bending  moment 
at  any  joint  in  a  Pratt  truss  is,  "  the  average  load  on  the  left  of  the  section  must  be  the  same 
as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown  Having:  calculated 
the  maximum  bending  moments,  the  chord  stresses  are  found  by  dividing  the  bendmg  moment 
by  the  depth  of  the  truss.    The  moment  diagram  is  given  in  Table  V6,  Chapter  IV. 

Web  Stresses. — Calculate  the  position  of  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  is,  "  the  load  on  the  panel  must  eaual  the 
load  on  the  bridge  divided  by  the  number  of  panels."  The  criterion  for  maximum  bending 
moment  at  Li  is  the  same  as  the  criterion  for  maximum  shear  in  panel  LoLu  Having  deter- 
mined the  position  of  the  wheels  for  maximum  shears  in  the  different  panels,  calculate  the  maxi- 
mum shears  as  shown.    The  stiess  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  $. 

Floorheam  Reaction. — ^The  stress  in  the  hip  vertical  UiL\  is  equal  to  the  maximum  floorbeam 
reaction.  This  is  calculated  as  follows:  Take  a  simple  beam  with  a  span  equal  to  the  sum  of  two 
panel  lengths  and  calculate  the  maximum  bending  moment  at  the  point  in  the  beam  corresponding 
to  the  panel  point;  in  this  case  it  will  be  the  center  of  the  span.  This  bending  moment  multiplied 
by  the  sum  of  the  panel  lengths  divided  by  the  product  of  the  panel  lengths  will  be  the  maximum 
floorbeam  reaction;  in  this  case  the  maximum  bending  moment  at  the  center  will  be  multiplied 
by  2  divided  by  the  panel  length. 

(c)  Remits. — ^When  the  maximum  stresses  occur  in  chords  VtU%,  V%U%  and  L%L%^  counter 
C^/ Li  is  in  action.  It  occasionally  happens  that  there  is  more  than  one  position  of  the  loading 
that  will  satisfy  the  criterion  for  maximum  bending  moment.  In  this  case  the  moments  for  each 
loading  must  be  calculated. 

Problem  ii.    Stresses  in  the  Portal  of  a  Bridge  by  Algebraic  Moments  and 

Graphic  Resolution. 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  30'  o",  center 
to  center  width  15'  o",  load  R  -  2,000  lb.,  end-posts  pm-connected  at  the  base.  Cakrulate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolution.    Scales  as  shown. 


STRESSES  IN  BRIDGE  TRUSSES.  563 

(b)  Methods. — Now  H  =^  H*  =  i,ooo  lb.  F  =  —  V,  and  by  taking  moments  about  B, 
V  =  30  X  2,000/15  =  4,000  lb.  =  —  v. 

Algebraic  Moments. — In  passing  sections  care  should  be  used  to  avoid  cutting  the  end-posts 
for  the  reason  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  stresses. 
To  calculate  the  stress  in  member  3- F  take  the  center  of  moments  at  joint  (i)  and  pass  a  section 
cutting  members  4-6,  3-4  and  3-F,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  y-Y  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-K 
X  10  X  0.447  +  H  X  30'  =  o-  The  stress  m  3-F  =  —  6,710  lb.  The  remaining  stresses  are 
calculated  as  shown. 

Graphic  Resolution, — ^Lay  off  a- A  =  A-b  —  H  —  1,000  lb.,  and  A-Y  —  V  =  4,000  lb. 
Then  beginning  at  point  B  in  the  portal  the  force  polygon  for  equilibrium  is  a-i4-F-i'-a,  in 
which  I'-a  is  the  stress  in  the  auxiliary  member  i-o,  and  F-i'  is  the  stress  in  the  post  i-F  when 
the  auxiliary  member  is  acting.  The  true  stress  in  i-  F  is  equal  to  the  algebraic  sum  of  the  vertical 
components  of  the  stress  I'-a  and  F-i',  and  equals  7'  =  —  4,000  lb.  Next  complete  the  force' 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  I'-a  is  known  and  the  force  triangle 
is  a-i'-2'-a,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A.  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress  diagram. 
The  true  stress  in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (i)  as  shown.  The 
maximum  shear  in  the  posts  v&  H  ^  \  ,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occur  at  the  foot  of  the  member  3-F,  joint  (3),  and  is  Jlf  =  1,000  X  20  X  12  =  240,000  in.-lb. 

(c)  Results. — ^The  method  of  graphic  resolution  requires  less  work  and  is  more  simple  than 
the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corresponding  joint  on  the  oppo- 
site side,  as  might  be  inferred  from  the  figure. 

Peoblbm  12.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(fl)  ProblenL— <jiven  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top 
9'  o",  wind  loads  Po,  Pi,  Pi,  Ps,  P4,  as  showti.  Calculate  the  stresses  in  the  members  of  the 
bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by  graphic 
resolution.  Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  =  10'  o".  Scale  of  loads, 
i"  =*  2,000  lb. 

{b)  Methods. — Algebraic  Moments. — ^To  calculate  the  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  A,  the  point  of  intersection  of  the  inclined  posts.  Then  to 
calculate  the  stress  in  3-4,  pass  a  section  cutting  members  3--X',  3-4  and  4-  F;  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 
-f  3,000  X  19-3'  +  3.000  X  11.3/  =  o.  The  stress  3-4  =  —  5.800  lb.  Stresses  in  4-5,  5-6, 
6-7,  7-8  and  8-Z  are  calculated  in  a  similar  manner.  To  obtain  reaction  Ri  take  moments  about 
Rt,  and  Rx  X  30'  -  2,000  X  15'  —  2,000  X  30*  —  3.000  X  45'  -  3.ooo  X  53'  =  o.  Then  Ri 
=  12,800  lb.  ^  —  Ri. 

To  calculate  the  stress  in  4-F,  take  center  of  moments  at  joint  P2,  and  pass  a  section  cutting 
members  5--X',  4-5  and  4-F,  and  assume  the  stress  in  4-F  as  an  external  force  acting  from  the 
outside  toward  the  cut  section.  Then  4-F  X  15.6'  —  3,000  X  15'  —  3,000  X  23'  =  o.  Then 
4-1^  =  +  7.300  lb. 

Graphic  Resolution. — ^The  load  Po  is  assumed  as  transferred  to  the  bent  by  means  of  the 
auxiliary  members.  The  loads  Po,  Pi,  Pi,  Pi,  P4  are  laid  off  as  shown,  and  with  the  load  Po  the 
stress  triangle  F-X-2  is  drawn.     The  remainder  of  the  solution  is  easily  followed. 

(c)  Results. — ^The  stress  in  the  auxiliary  member  2-F  acts  as  a  load  at  the  top  of  post  4-F. 
Load  Po  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  the  reason 
that  the  wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 
combination  with  the  dead  and  live  load  stresses  in  designing  the  columns. 
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CHAPTER  XVII. 
The  Design  of  Steel  Details. 

Imrodoctioii.— The  design  of  any  structure  involves  the  design  of  the  different  members 
and  the  connections.  In  this  chapter  the  design  of  the  various  steel  details  will  be  considered  as 
fully  and  completely  as  the  limited  space  permits.  The  design  of  the  members  and  details  of  a 
steel  structure  are  governed  by  the  specifications  for  the  particular  structure.  Reference  will 
be  made  by  section  and  pa^  to  the  various  specifications  in  this  book. 

ICBMBBRS  IN  TENSION.— Several  different  methods  for  making  end  connections  of  bars  are 
shown  in  Fig.  i.  Loop  Bars,  (a)  Fig.  i,  are  used  for  lateral  bracing  on  highway  bridges,  buildings 
and  towers,  with  tumbuckles  of  sleeve  nuts,  to  make  them  adjustable  as  shown  in  Tables  92  and 
94.  (All  tables  numbered  with  Arabic  numerals  are  in  Part  II.)  Clevises,  (b)  Fig.  i,  are  used 
to  secure  the  ends  of  bars  used  as  lateral  bracing  on  highway  bridges  and  on  buildings.  The  pin 
may  be  either  a  cotter  pin  as  shown  in  Table  96,  or  a  bridge  pin  as  shown  in  Table  95.  Ordinary 
eye-bars,  (c)  Fig.  i,  are  used  principally  for  lower  chords  and  main  ties  on  bridges.  Data  for  eye- 
bars  are  given  in  Table  91.  Counters  are  made  of  adjustable  eye-bars  as  shown  in  Table  91. 
Bottom  lateral  plates  or  skew-backs,  {d)  Fig.  i,  are  used  to  secure  the  ends  of  bottom  lateral  rods 


(a)  Loop. 


lb)  Clevis. 


(c)Eye 
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(e)  T(v>Ldterala- (/-Plate, 
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(g)Anq/e 


(d)  Bottom  Lateral  Plate 

or  Skewback.  (F)  Cooper  Hitch.  fh)  Beveled  Washer,  Cast  Iron. 

Fig.  I.    Details  of  Tension  Members. 

of  highway  bridges  and  are  shown  in  Table  12L  Top  lateral  plates  or  U-plates,  W  Fig.  I,  are 
used  for  top  lateral  connections  on  highway  bridges  and  for  lateral  bracing  on  buildings,  highway 
bridges  and  towers,  see  Table  122.  The  Cooper  hitch  has  the  same  uses  as  the  top  lateral  plate. 
The  angle  as  shown  in  (f )  Fig.  i  is  used  for  end  connections  for  light  bars  in  buildings  and  towers, 
see  Table  120.  Cast  iron  beveled  washers,  (*)  Fig.  i,  are  used  for  end  connections  of  diagonal 
bracing,  see  Table  120.  The  ends  of  bars  should  be  upset  as  shown  in  Tables  89  and  90,  so  that 
the  strength  in  the  threads  will  be  greater  than  the  strength  of  the  main  body  of  the  bar.  The 
dimensions  of  tie  rods  for  beams  are  shown  in  Table  105. 
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In  selecting  bars  in  tension  the  area  is  determined  by  the  formula: 

.-^ 

where  A  is  the  required  area,  P  the  total  tension  in  the  bar  and  ft  the  allowable  unit  tensile  stress. 
The  following  problems  ate  given  to  illustrate  the  use  of  the  tables  in  selecting  the  detaib  for 
bars,  etc. 

Loop  Bar. — ^Select  a  loop  bar  to  carry  a  tensile  stress  of  48,000  lb.,  one  end  passing  around  a 
3  in.  pin  and  the  other  end  around  a  3}<^  in.  pin,  the  center  to  center  distance  between  pins  being 
30' o". 

References.—Spedficaitlon  i  8,  p.  55;  $  33.  p.  57;  $  84,  p.  60;  $  91,  p.  61;  $  104,  p.  61;  $  108, 
p.  62;  5  116,  p.  62;  S  37,  p.  141;  i  49,  p.  142;  i  61,  p.  142;  S  14,  p.  206;  S  36,  p.  206;  S  15,  p.  209; 
S  36,  p.  210;  S  230,  p.  363;  5  8»  p.  379;  5  42,  p.  381;  5  28,  p.  385. 

Solution. — Using  an  allowable  unit  stress  of  Jt  =  16,000  lb.  per  sq.  in.,  the  area  required  is, 

.      P     48,000 

A  bar  i  ^  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  of  3.14 
sq.  in.  (Table  6).  Either  bar  could  be  used.  Using  the  1%  in.  square  bar  the  additional  length 
required  to  pass  around  a  3  in.  pin  is  i'  11"  (Table  92),  and  for  a  3H  in.  pin  is  2'  i",  making  it 
necessary  to  add  4'  o''  to  the  center  to  center  distance  of  pins  to  obtain  the  total  length  of  bar. 

If  a  iumbuckle  is  used  the  upset  required  on  a  i  ^  in.  square  bar  is  2^  in.  in  diameter  and  5H 
in.  long  (Table  89),  requiring  4}^  in.  extra  material  to  make  each  upset,  or  9  in.  for  the  two  up- 
sets. The  weight  of  a  tumbuckle  for  a  2}^  in.  screw  is  25  lb.  (Table  94).  The  clearance  between 
the  ends  of  the  screws  for  all  tumbuckles  is  5  in.  (Diagram  at  top  of  Table  92). 

The  total  length  and  weight  of  the  i^  in.  square  bar  is  therefore: 
c.  to  c.  of  pins,  less  5  in.,  «  29'  7"  of  i  Ji  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =  308.0  lb. 
Material  for  2  loops         »    4'  o"  of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  *-    41.6  lb. 
Material  for  2  upsets       —    o'  9"  (rf  i  Ji  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  «      7.8  lb. 
One  Tumbuckle  @  25       lb.  (Table  94)  -    25.0  lb. 

Total  Length  =  34'  4"  Total  Weight  =  3824  lb. 

If  a  sleeve  niU  is  used,  instead  of  a  tumbuckle,  its  weight  for  a  2)^  in.  screw,  is  19  lb.  (Table 
94).  The  clearance  between  the  ends  of  the  screws  is  3  in.  for  all  sleeve  nuts  (Diagram  at  the  top 
of  Table  92). 

The  total  length  and  weight  of  i^  in.  square  bar  when  a  sleeve  nut  is  used  is  therefore: 
c.  to  c.  of  pins,  less  3  in.,  *-  29'  9"  of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  «  309.8  lb. 
Material  for  2  loops         «    4'  o"  of  iJi  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —    41.6  lb. 
Material  for  2  upsets       *-    o'  g"  of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  «      7.8  lb. 
One  sleeve  nut  @  19       lb.  (Table  94)  -    19.0  lb. 

Total  Length  «  34'  6"  Total  Weight  -  378.2  lb. 

Bar  with  CIe¥i8e8.—Select  a  bar  to  carry  a  tensile  stress  of  48,000  lb.,  the  ends  to  be  held 
by  clevises,  the  distance  center  o(  pins  being  12'  o''. 

References. — ^Same  as  for  loop  bar,  also  S  4I1  p-  58;  S  39,  and  S  4i>  P- 141 ;  S  I7>  S  i8f  and  $  19, 
p.  209. 

Solution. — Using  an  allowable  unit  stress  of  /i  »  16,000  lb.  per  sq.  in.,  the  area  required  is, 

.      P     48.000 

ft      10,000      ^       ^ 
A  bar  i H  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  of  3.14 
sq.  in.  (Table  6).    Either  bar  could  be  used.    Usbg  the  i^  in.  square  bar  a  No.  6  clevis  is 
required  (Table  93). 
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The  size  of  pin  required  by  shear  and  moment  can  be  obtained  from  the  lower  part  of  Table 
93,  and  is  a  2  in.  pin  if  the  forks  are  closed,  or  a- 3  in.  pin  if  the  forks  are  used  straight.  The 
thickness  of  connection  plate  required  by  bearing  when  a  2  in.  pin  is  used,  is  48,000  -s-  (2.00  X  24,- 
000)  =»  i.oo  in.,  if  a  3  in.  pin  is  used  the  plate  must  be  48,000  -^  (3.00  X  24,000)  =  0.66  in. 

The  weight  of  the  bar  and  two  clevises  is  estimated  as  follows: 

The  length  of  the  rod,  allowing  for  clearance,  etc.,  must  be  reduced  by  i4  —  H  in.  =  8  —  )4 
=  7H  in.  (Table  93)  at  each  end,  or  a  total  of  2  X  7H  -  i'  3"-  The  diameter  of  upset  for  a 
1%  in.  square  bar  is2}4  in.,  which  requires  4^  in.  material  to  make  each  upset  (Table  89),  or  9 
in.  for  both  upsets. 

The  total  length  and  weight  of  i  J^  in.  square  bar  is: 

c.  to  c.  of  pins,  less  i'  3",  «  10'  9"  of  iH  >n.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =  11 1.9  lb. 
Material  for  2  upsets         =    o'  9"  of  i  Ji  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =      7.8  lb. 

Two  No.  6  clevises  ®  26      lb.  (Table  93)  =    52.0  lb. 

Total  Length  =  11'  6"  Total  Weight  «  171.7  lb. 

Eye-Bar. — ^Select  an  eye-bar  to  carry  a  tensile  stress  of  190,000  lb.,  with  an  8  in.  pin  at  one 
end  and  a  6H  in.  pin  at  the  other  end,  the  length  center  to  center  of  pins  being  25'  o". 

References.^  33,  p.  57;  {  106,  p.  62;  {  162,  p.  66;  {  37.  P-  141;  5  92.  p.  I44;  5  HL  P-  H5\ 
S  171,  p.  147;  S  14.  P-  206;  536,  p.  206;  "Minimum  Bar,"  p.  207;  583,  p.  207;  $  15,  p.  209; 
{  36,  p.  210;  S  83.  p.  213;  S  136,  p.  216;  §  162,  p.  218. 

SciuHan, — Using  an  allowable  unit  stress  of  ft  «="  16,000  lb.  per  sq.  in.,  the  area  required  is, 

P 


.       P      190,000  - 

^  -      -  _^J 11.87  sq.  in. 

ft       16,000  ^ 


A  bar  8  in.  X  iH  in.  has  an  area  of  12.00  sq.  in.  (Table  i).  From  Table  91,  the  maximum  thick- 
ness allowed  for  an  8  in.  bar  on  a  6H  in.  pin  is  2  in.,  and  the  minimum  is  i  in.  (The  value  6^ 
in.  does  not  appear  in  the  table  but  it  is  less  than  7  in.,  which  is  the  maximum  pin  which  can  be 
used  if  the'  die  referred  to  b  used.)  For  an  8  in.  pin  the  maximum  thickness  is  2  in.  and  the 
minimum  i^  in.    The  bar  selected  satisfies  these  requirements  as  to  thickness. 

The  extra  length  of  bar  required  to  form  a  head  for  a  6 J^  in.  pin  (die  for  7  in.  pin)  is  2'  8"  for 
ordering  the  bar,  and  2'  3"  for  estimating  the  weight,  and  for  an  8  in.  pin  3'  o"  and  2'  6",  respec- 
tively (Table  91). 

The  total  length  and  weight  of  eye-bar  is  therefore: 

c.  to  c.  of  pins  =  25'  o"  of  8  in.  X  iH  in.  bar.  @  40.8  lb.  per  ft.  (Table  2)  -  1020.0  lb. 

Eye  for  6J^  in.  pin  «    2'  3"  of  8  in.  X  i  J^  in.  bar,  @  40.8  lb.  per  ft.  =      91.8  lb. 

Eye  for  8  in.  pin  =    2' 6'^  of  8  in.  X  I H  in.  bar,  @  40.8  lb.  per  ft.  =    102.0  lb. 

Total  Length  =  29'  9"  Total  Gross  Weight  =  1213.8  lb. 

The  weight  which  must  be  deducted  for  pin  holes  (Table  6)  is. 

Pin  hole  for  6}^  in.  pin  is  1.5  +  12  X  112.8  -  14.1  lb. 

Pin  hole  for  8  in.  pin  is      1.5  +  12  X  171.0  »  21.4  lb. 

Total  weight  to  be  deducted  =  35.5  lb. 

The  net  weight  of  the  eye-bar  is  then  1213.8  -  35.5  «  1 178.3  lb. 

For  the  design  of  an  eye-bar  subject  to  flexure  due  to  its  own  weight,  see  "Combined  Flexure 
and  Direct  Stress"  in  this  chapter. 

Angle  In  Tension. — ^Select  an  angle  to  carry  a  tensile  stress  of  40,000  lb.,  using  %  in.  rivets. 

References.^  33,  p.  57;  S  39.  P-  57:  S  40.  P-  58?  §  79.  p.  60;  {  83,  p.  60;  $  84,  p.  60;  {  85. 
p.  60;  §  89,  p.  61;  §  104,  p.  61;  S  22,  p.  105;  S  37,  p.  141;  S  43.  P-  141;  5  60,  p.  142;  §  79,  p.  144; 
S  80,  p.  144;  S  14,  p.  206;  S  26,  p.  206;  545,  p.  206;  "Fastening  Angles,"  p.  207;  $  15,  p.  209; 
S  26,  p.  210;  S  38,  p.  210;  §  57,  p.  210;  §  74.  p.  212;  p.  219;  p.  223;  {  232,  p.  363;  S  8,  p.  379. 
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Solution. — If  fastened  by  both  legs  as  in  Fig.  2  the  load  may  be  considered  as  axial  and  the 
required  net  area,  using  an  allowable  unit  stress  of /i  »  16,000  lb.  per  sq.  in.,  is 


.       P      40,000 

^  -  —  -  t-i B  2.50  sq.  UL 

fi      16,000         *^    ^ 


Net 
This 


Try  one  angle  4"  X  4"  X  J^".  Gross  area  »  2.86  sq.  in.  (Table  23  or  Table  25). 
area,  deducting  one  %  in.  hole  for  a  Ji  in.  rivet  =  2.86  —  .33  =  2.53  sq.  in.  (Table  116). 
angle  will  satisfy  the  conditions.     This  result  can  be  obtained  directly  from  Table  29. 

If  the  angle  is  fastened  by  one  leg  as  in  Fig.  3,  the  load  will  be  eccentric  and  the  problem 
more  difficult.  An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect- 
ive.   The  solution  would  then  be,  as  before 


.  _  P  _  40,000  __ 
"  /«  "  16,000  " 


2.50  sq.  in. 


( 

1 

o^o^o^o^ 

: 
. 1 

o"o"o"o7 

1 

Fig.  2.    Angle  Connected  by  Both  Legs. 


Fig.  3.  Angle  Connected  by  One  Leg. 


Try  one  angle  6"  X  4"  X  W  with  6  in.  leg  attached.  Gross  area  of  6  in.  leg  =  6  X  H 
B  3.00  sq.  in.,  net  area  «  3.00  —  .44  »  2.56  sq.  in.,  which  will  satisfy  the  conditions. 

Built-up  Tension  Member. — Design  a  built-up  member  to  carry  a  tensile  stress  of  390,000 
lb.,  using  %  in.  rivets. 

References,^  33,  p.  57;  {  83,  p.  60;  $  84,  p.  60;  5  89,  p.  61;  5  90,  p.  61;  §  loi,  p.  61;  §  37, 
p.  141;  S  44»  P-  hi;  §  61,  p.  142;  S  75»  p.  143;  §  14  and  §  26,  p.  206;  §  28.  p.  210;  $  38,  p.  210; 
552,  p.  211;  582,  p.  213;  p.  219;  5  ".  p.  382- 

Solution, — Using  an  allowable  unit  stress  of /i  »  16,000  lb.  per  sq.  in.,  the  net  area  required  is, 


A^hr 


390,000 
16,000 


24.4  sq.  UL 


Try  4  angles  zM"  X  3H"  X  H"  and  2  plates  18  in.  X  \i  in.,  as  shown  in  Fig.  4.  Gross  area 
=  18.00  4-  13.00  =  31.00  sq.  in.  Referring  to  Fig.  4,  it  will  be  seen  that  the  section  n-n  is  the 
least  section  in  the  body  of  the  member  and  that  four  rivet  holes  should  be  deducted  from  each 
side  to  obtain  the  net  section,  giving  a  net  area  of  31.00  ~  4.00  —  2.00  »  25.00  sq.  in.,  4.00  sq. 
in.  being  the  area  of  holes  in  the  plates  and  2.00  sq.  in.  being  the  area  of  holes  in  the  angles,  de* 
ducting  I  in.  holes  for  %  in.  rivets.    This  section  has  sufficient  area,  24.4  sq.  in.  being  required. 

If  the  ends  of  the  members  are  to  be  riveted  they  should  be  designed  as  outlined  under 
"Riveted  Connections  and  Joints"  in  this  chapter. 

If  the  ends  are  to  be  pin-connected  they  may  be  designed  as  follows.  Assume  that  5H  in* 
pins  are  to  be  used  at  each  end.  The  bearing  area  required  allowing  a  unit  stress  of  24,000  lb. 
per  sq.  in.,  is  390,000  4>  24,000  »  16.2  sq.  in.  This  requires  a  total  thickness  of  plates  of  16.2  + 
5.5  B  2.95  in.,  or  1.48  in.  on  each  side.  The  web  plates  are  H  tn-f  the  fill  plates  must  be  at  least 
a  in.,  the  thickness  of  the  angles  being  H  in.,  and  using  H  in*  outside  plates  the  total  thickness  o£ 
plates  is  1.50  in.,  which  satisfies  the  conditions,  148  in.  being  required. 
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The  net  area  through  the  pin  hole  (section  m-m)  must  be  25  per  cent  in  excess  of  the  net 
area  of  the  body  of  the  member  according  to  a  common  specification.  It  will  probably  be  neces- 
sary to  deduct  the  area  of  the  pin  hole  and  two  rivet  holes  on  each  side,  the  rivet  holes  being  so 
near  the  section  m-m,  see  Fig.  4.  The  gross  area  through  the  pin  hole  is»  web  plates  2  X  18  X  }^ 
=  18.00  sq:  in.,  angles  4  X  3.25  »  13.00  sq.  in.,  fill  plate  2  X  ii  X  ^  —  11.00  sq.  in.,  outside 
plate  2  X  17  X  }4  —  17.00  sq.  in.  making  a  total  gross  area  of  59.00  sq.  in.  The  net  area  is 
59.00  —  2X5.5X1.5  —  4X1  XiJi"*  36.5  sq.  in.  The  required  net  area  through  the  pin 
hole  is  1.25  X  25.00  =  31.3  sq.  in. 

1/77  U 
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Fig.  4.    Riveted  Tension  Member. 
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''  0.20  in. 


The  net  area  back  of  the  pin  hole  parallel  with  the  axis  of  the  member  (section  0-6)  must  not 
be  less  than  the  net  area  in  the  body  of  the  member  (section  n-«)  =  25.0  sq.  in.  The  total 
thickness  of  the  metal  at  this  section  is  1.50  in.  for  each  side.  Therefore  the  net  length  back  of  the 
pin  must  be  25.00  -^  2  X  1.50  =*  8.33  in.  Assuming  that  not  over  three  rivets  will  come  in  this 
section,  the  total  length  back  of  the  pin  hole  must  be  at  least  8.33  +  3-«>  *  11.33  in. 

The  number  of  rivets  required  and  the  size  of  pin  plates  is  considered  under  "  Riveted  Connec- 
tions and  Joints." 

Unriveted  Pipe. — Design  an  unriveted  iron  pipe  12  in.  in  diameter  to  carry  an  internal 
pressure  of  400  lb.  per  sq.  in. 

From  Structural  Mechanics,  Chap.  XVI  (Formula  12a),  /  =  wZ>  -i-  2/;  and  %  »  wD  -7-2/, 
where  i  is  the  thickness  of  metal,  w  =  unit  internal  pressure,  D  -  diameter  and  /  the  allowable 
tensile  stress  which  will  be  taken  as  12,000  lb.  per  sq.  in. 

wvD       400  X  12 
2/       2  X  12,000 

MEMBERS  IN  COMPRESSION. — ^The  design  of  compression  members  will  be  shown  by 
several  examples. 

Single  Angle  Strut — ^Select  an  angle  to  carry  a  compressive  stress  of  21,500  lb.  The  length 
center  to  center  of  connections  is  6'  o",  and  both  legs  are  to  be  fastened  at  the  ends,  Fig.  2. 

i2^/pr«k:«.— Specifications  §34,  p.  57;  839,  p.  57;  §84,  p.  60;  §85,  p.  60;  593,  p.  61; 
§  38,  p.  141 ;  S  43»  P- 141 ;  §  60,  p.  142;  {  100,  p.  61 ;  \  45,  p.  206;  p.  207;  (  16,  p.  209;  {  20,  p.  209; 
p.  223;  §  231,  p.  363;  §  10,  p.  379. 

Solution. — Using  /,  =  16,000  —  70  l/r  lb.  per  sq.  in.,  as  the  allowable  unit  stress  and  125  as 
the  maximum  value  for  the  ratio  l/r,  the  minimum  value  f or  r  is  as  follows: 

//r-x.5.orr  =  -l-^»  =  o.58in. 

Any  3"  X  3"  angle  will  satisfy  the  requirement  for  l/r  (Table  23).    The  allowable  unit  stress 

will  then  be  16,000  —  70  X  —«  =  7,300  lb.  per  sq.  in.    The  area  required  will  be 

.50 


-^ 


2.95  sq.  m. 


21.500 
7.300 

The  area  of  one  angle  3"  X  3"  X  9/16"  is  3.06  sq.  in.,  which  is  sufficient. 
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Many  other  angles  might  be  chosen  but  in  no  case  could  an  angle  smaller  than  ^"  X  3''  be 
used,  for  the  requirement  for  //r  would  not  be  satisfied.  Larger  angles  will  give  lighter  sections 
and  be  more  rigid.  Any  angle  3J4"  X  3 Ji"  has  a  radius  of  gyration,  r,  of  about  0.69  (Table  23), 
giving  an  //r  of  about  104,  and  an  allowable  unit  stress  of  about  8,700  lb.  per  sq.  in.  and  requiring 
an  area  of  2.47  sq.  in.,  which  would  be  provided  by  one  angle  3>^"  X  3J4"  X  ^".  The  minimum 
angle  satisfying  the  //r  requirement  is  found  as  a  guide  in  the  selection  of  sections  but  is  rarely  a 
satisfactory  section,  except  for  long  members  with  low  stresses  such  as  lateral  bracing.  Table  41, 
Part  II,  gives  the  safe  loads  for  single  angle  struts  fastened  by  both  legs. 

See  also  §  26,  p.  203;  §  45,  p.  203;  "Fastening  Angles,"  p.  207;  $  20,  p.  209. 

If  the  angle  is  fastened  by  one  leg  only  as  in  Fig.  3,  the  load  is  eccentric  and  the  problem  is 
more  difficult.  An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect- 
ive. As  before  the  least  radius  of  gyration  must  be  not  less  than  0.58  in.,  which  corresponds  to  an 
allowable  unit  stress  of  7,300  lb.  per  sq.  in.,  requiring  the  area  of  the  attached  leg  to  be  at  least  2.95 
sq.  in.  The  requirement  for  radius  of  gyration  would  be  satisfied  by  any  3H"  X  z"  ^ngl^t  but 
to  provide  2.95  sq.  in.  of  area  if  attached  by  the  3J4  in*  leg  the  thickness  would  have  to  be  2.95 
-5-  3.50  =  0.85  in.  requiring  a  3H"  X  3"  X  %"  angle,  which  is  a  very  poor  section  and  would 
be  much  heavier  than  a  section  with  longer  legs  to  satisfy  the  same  conditions,  and  much  less 
rigid.  The  least  radius  of  gyrations  of  any  5"  X  3H"  angle  is  about  0.76  in.  (Table  24),  and  the 
allowable  unit  stress  will  be 

/,  =  16,000  —  70 //r  =  16,000  —  70  X  ~;g  "  9»370  lb.  per  sq.'^in^ 

requiring  an  area  of  the  attached  leg  of 

.       P     21,500 
il  =  7-  =»  — ^^—  =»  2.30  sq.  in. 

2.30 
which  would  be  provided  by  a  5"  X  3)4"  angle  of  thickness  equal  to-^  «  .46  in.    An  angle 

5"  X  3H"  X  H"  could  be  used  with  the  5  in.  leg  attached. 

Double  Angle  Stmt — ^The  member  a-h  Fig.  5  is  to  consist  of  two  angles  back  to  back  sepa- 
rated by  ^  in.  connection  plates  at  the  ends  and  washers  ^  in.  thick  in  the  body  of  the  member. 
Design  for  a  compressive  stress  of  50,000  lb. 

References.-^  34,  p.  57;  {  84.  P-  60;  {  93.  P-  61 ;  §  lOO,  p.  61 ;  S  38.  P-  Hi  J  5  60,  p.  142;  S  45. 
p.  206;  S  16,  p.  209;  S  20,  p.  209;  {  231,  p.  363;  S  10,  p.  379. 

SciiUion. — Using  /<  »  16,000  —  70  //r  lb.  per  sq.  in.  as  the  allowable  unit  stress,  and  125  as 
the  maximum  value  for  the  ratio  //r,  the  minimum  value  for  r  is  found  as  follows 

//r-i.5.orr-jL.i2lJ2.o.77in. 

The  lengths  about  axes  X-X  and  K-  F  are  equal,  so  that  for  a  well  designed  member  the  radii 
of  gyration  about  the  two  axes  should  be  as  nearly  equal  as  practicable.  This  condition  is  satis- 
fied by  using  angles  with  unequal  legs,  short  legs  turned  out. 

A  member  composed  of  two  2^^"  X  2"  angles,  ^  in.  back  to  back,  with  short  legs  turned 
out  will  have  a  least  radius  of  gyration  of  about  0.78  in.  (Table  40),  the  value  for  axis  X-X  being 
about  0.78  in.  and  Y-Y  about  0.95  in.    The  allowable  unit  stress  is  then  /«  «  16,000  —  70  //r 

8  X  12 
«  16,000  -  70  X    ^^a    -  7.390  lb.  per  sq.  in.,  requiring  an  area  of 
0.70 

^«^-50£00^ 

This  area  cannot  be  supplied  by  two  2W'  X  2"  angles,  but  even  though  it  could,  kurger 
angles  would  be  more  economical  as  well  as  more  rigid.    The  minimum  angle  satisfying  the  //r 
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requirement  is  found  so  as  to  guide  in  the  selection  of  angles  but  is  rarely  a  satisfactory  section, 

except  for  a  long  member  with  low  stresses,  such  as  lateral  bracing. 

Try  two  angles  4"  X  3"  with  the  short  legs  turned  out,  H  in.  back  to  back.     From  Table 

40  it  is  seen  that  for  any  thickness  the  least  radius  of  gyration  will  be  about  the  axis  X-X,  and 

8  X  12 
will  be  about  1.26  in.,  giving  an  allowable  unit  stress  of /c  =  16,000  —  70  X  r-  =  10,670 

lb.  per  sq.  in.,  which  requires  an  area  of  50,000  -*-  10,670  =  4.68  sq.  in.  The  area  of  2  angles 
4"  X  3"  X  J^"  =■  4.96  sq.  in.,  which  will  satisfy  the  conditions.  If  the  estimated  radius  of  gyra- 
tion does  not  agree  closely  enough  with  the  actual  radius  of  gyration,  another  calculation  should 
be  made,  but  this  is  not  often  necessary. 

The  spacing  of  the  washers  should  be  such  that  the  Ijr  of  one  angle  between  the  washers  is  not 

greater  than  the  //r  for  the  whole  member,  or  //r  =     ^  "  =  76.2,  /  =  76.2  X  .64  =  48.7  in., 

0.64  being  the  least  radius  of  gyration  of  one  angle  4"  X  3"  X  y%'  (Table  24).  One  washer  in 
the  center  will  be  sufficient. 

\Y 

\Y 
bd 

II 

a 

Double  Angle  Strut. 

If  lengths  about  the  two  axes  are  different,  as  is  often  the  case  in  roof  trusses  and  portals,  the 
greatest  value  for  //r  should  be  used,  the  corresponding  length  and  radius  of  gyration  being  taken; 
for  example  in  designing  the  member  h-d.  Fig.  5,  as  a  strut  the  length  corresponding  to  the  axis 
F-F  is  12'  o",  and  to  the  axis  X-X  is  6'  o".  To  make  an  efficient  member  the  long  legs  should 
be  turned  out  and  fy  should  be  equal  to  2  X  r*. 

The  minimum  allowable  values  of  r*  and  ty  are  found  as  follows, 

,1  /,       6  X  12 

/,        12  X  12 

From  Table  39  it  is  seen  that  any  2}^"  X  2"  angle  with  long  legs  turned  out  and  J^  in.  back 
to  back  Is  the  smallest  angle  which  will  satisfy  the  requirements  for //r,  r^  »  0.58  in.  and  r,  »  1.26 
in.  (approx.).  The  values  for  //r  are  124  and  114,  respectively,  124  being  the  greater.  The 
allowable  unit  stress  is  then 

/e  =  16,000  —  70  X  124  =  7,320  lb.  per  sq.  in. 

If  the  stress  vah-cv^  the  same  as  that  in  c-d^  19,000  lb.  compression,  the  required  area  is, 


P      19,000         ^ 
=  -J  =  -^ —  =  2.60  sq.  m. 


which  will  be  taken  by  2  angles  2H"  X  2"  X  5/16",  having  r,  =  0.58  in.,  and  r^  =  1.26  in. 
(Table  39).     If  the  stresses  in  h-c  and  c-d  are  not  equal  proceed  as  above  and  design  for  the 
maximum.    The  spacing  of  the  washers  should  not  be  greater  than,  /  »  124  X  0.42  »  52.1  in., 
0.42  in.  being  the  least  radius  of  gyration  of  one  angle  2}^"  X  2"  X  5/16". 
38 
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If  the  controlling  stress  were  38,000  lb.  compression,  the  required  area  for  2J^"  X  2"  angles 
would  be 


J.       P     38,000 


which  could  not  be  supplied  by  two  2H"  X  2"  angles,  so  that  two  3H"  X  3"  angles  will  be  used 

for  which,  r,  =  0.90  and  r^  =  1.66  for  ^  in.  back  to  back,  the  values  of  l/r  are =  80  and 

12  X  12 

-rjr—  =  86.8,  respectively,  and  the  allowable  unit  stress  is,  /«  ■=  16,000  —  70  X  86.8  =»  9,930 

lb.  per  sq.  in.,  requiring  an  area  of  il  «  30,000  -5-  9,930  =  3.83  sq.  in.,  which  will  be  furnished 
by  two  angles  3H"  X  3"  X  5/16".  The  spacing  of  the  washers  should  not  be  greater  than, 
/  =  86.8  X  0.63  =  54.6  in.,  0.63  in.  being  the  least  radius  of  gyration  of  one  angle  ^14"  X  3" 
X  5/16".  These  results  may  be  obtained  by  the  use  of  Tables  43, 44  and  45,  from  which  it  is  seen 
that  the  allowable  stress  in  a  member  composed  of  two  angles  3}^"  X  3"  X  5/16"  about  axis 
i-i  (Y-Y),  the  length  being  12' o",  is  38,000  lb.,  and  about  axis  2-2  (X-X),  the  length  being  6'  o", 
is  40,000  lb.,  and  the  allowable  load  will  be  38,000  lb. 

Two  Angles  Starred. — Design  a  member  consisting  of  two  angles  starred,  as  in  Fig.  6,  to 
carry  a  compressive  stress  of  30,000  lb.,  the  length  to  be  15'  o"  center  to  center  of  connections. 

References.^  34,  p.  57;  S  ^4.  P-  60;  {  100,  p.  61. 

Soluiion, — Using  125  as  the  maximum  value  of  //r,  and  /«  =  16,000  —  70  Ijr  lb.  per  sq.  in. 
as  the  allowable  unit  stress,  the  minimum  allowable  value  of  r  is  found  to  be 

>,  /        15  X  12 


I rL_ I... 

[00  of  T?5n  To  b  ql  4|_ 


%      1  I  ■»■■■■  ■  ■      .      .  ^ 
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[^ /ir£?.^. ^ 

Fig.  6.    Two  Angles  Starred. 

From  Table  67  it  is  seen  that  4"  X  ^"  angles  are  the  smallest  equal  leg  angles  that  can  be 
used,  and  that  r  will  be  about  1.56  in.,  and  the  allowable  unit  stress  is 

/«  =  16,000  -  70  X  '^^      '^  -  7.920  lb.  per  sq.  in., 

which  requires  an  area  of 

.       P     30,000 
^-7:-  7,9^-3.79  «1.  in- 

The  area  of  two  angles  4"  X  4"  X  K"  is  3-38  sq.  in.,  and  r  »  1.57  in.,  which  will  satisfy  the  condi- 
tions.   The  batten  plates  must  have  a  spacing  of  not  more  than 

/-^^^Xo.79-75in.-6'3"; 

the  value  of  0.79  in.  being  the  least  radius  of  gyration  for  one  angle  4"  X  4"  X  M"  (Table  23). 
Convenience  in  detailing  may  make  it  advisable  to  make  /  much  less  than  6'  3''.  A  spacing  of 
3'  9''  was  used  as  shown  in  Fig.  6. 
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Plate  and  Angle  Cdonm. — Design  a  plate  and  angle  column.  Fig.  7,  to  carry  an  axial  load  of 
340,000  lb.,  the  unsupported  length  being  16'  o". 

References.— i  34.  p.  57;  S  3^,  p.  57;  §  79.  p.  60;  5  94.  P-  61;  §  96,  p.  61;  §  100,  p.  61;  §  114, 
p.  62;  §9,  p.  104;  S  12,  p.  104;  §  17,  p.  104. 

Solution. — ^A  section  with  a  12  in.  web  plate  and  two  14  in.  flange  plates  will  be  assumed.  The 
angles  will  be  spaced  12}^  in.  back  to  back  to  allow  for  an  over-run  in  the  web  plate  without  inter- 
fering with  the  cover  plates. 

The  radius  of  gyration  about  the  axis  A-A,  Fig.  7,  is  approximately  0.45  X  12.5  «  5.62  in. 
(Table  136),  and  about  the  axis  B-B  is  0.23  X  14  =  3-22"  (Table  136).  The  axis  B-B  will 
control'the  design.    The  allowable  unit  stress  is 

/«  =  16,000  -  70  Iff  lb.  per  sq.  in.  =  16,000  —  70  X     ,  ^^      =»  11,800  lb.  per  sq.  in. 

which  requires  an  area  of 

.       P      340,000        „  ^ 
il  =  7-  =  ^^5 —  =»  28.8  sq.  in. 
Jo       11,800  ^ 

Try  a  section  consisting  of  four  angles  6"  X  4"  X  J^"  with  long  legs  turned  out,  and  12J4 
in.  back  to  back,  one  web  plate  12  in.  X  %  in.  and  two  flange  plates  14  in.  X  %  in.  The  prop- 
erties of  various  sections  are  given  in  Table  70.  The  properties  of  sections  are  calculated  as 
shown  at  the  bottom  of  the  table.  The  radius  of  gyration  about  the  axis  A-A  is  found  to  be 
^A  ^  3  5^  ^Q-i  about  the  axis  B-B  is  r^  »  3.14  in.,  and  the  area  29.44  sq.  in. 


Fig.  7.    Plate  and  Angle  Column. 

For  this  section  the  ratio  //r  =  16  X  12/3. 14  =  61.2  which  satisfies  the  specification  that 
the  maximum  value  of  Ijr  is  125.    The  allowable  unit  stress  is, 

/e  =  16,000  —  70  X  61.2  «  11,700  lb.  per  sq.  in., 

and  the  required  area  is, 

.       P      340,000 
il  =  7-  =   -—^ —  =  29.1  sq.  in, 
/a       11,700        ^     ^ 

The  area  provided  by  the  above  section  is  29.44  sq.  in.    - 

EiqMnsion  Rollers. — Design  the  rollers  for  the  expansion  end  of  a  single  track  railway  bridge 
of  175  ft.  span,  the  dead  load  stress  being  110,000  lb.,  the  live  load  stress  being  282,1000  lb.,  and 
the  impact  178,000  lb.    Total  stress  =  570,000  lb. 

References. — §  19,  p.  209;  {  60,  p.  212;  §  62,  p.  206;  {  62,  p.  212. 

Solution. — ^The  span  being  short  a  6  in.  roller  will  be  used.  The  allowable  stress  per  linear 
inch  of  rollers  is  600  X  d,  when  impact  is  considered,  giving  600  X  6  «  3,600  lb.  for  6  in.  rollers. 

The  number  of  linear  inches  required  is,  570,000/3,600  =  158  in. 

Five  rollers  32  in.  long  provide  5  X  32  =  160  linear  inches  and  occupy  a  space  about  32  inches 
square. 

For  highway  bridge  expansion  rollers,  see  §  41,  p.  141;  §  82,  §  83,  §  84,  p  144- 

For  roof  truss  expansion  rollers,  see  §  7,  p.  55;  §  33,  p.  57;  §  117.  p.  62;  §  15,  p  104. 

MEMBERS  IN  FLEXURE.— The  design  of  structural  members  stressed  in  flexure  will  be  shown 
by  several  examples. 

I-Beam. — ^Select  an  I-Beam  to  carry  a  uniform  load  of  1000  lb.  per  linear  foot,  the  span  being 
16'  o''  and  the  ends  simply  supported. 
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References.— i  33,  p.  57;  §  42,  p.  58;  §  45,  p.  58;  §  14,  p.  104;  §  39.  p.  141;  §  50,  p.  142;  f  55, 
p.  142;  §17,  p.  209;  i  29,  i  30,  p.  210.  Properties  of  Carnegie  I-Beams  are  given  in  Tables  7  to 
13  inclusive.  Properties  of  Bethlehem  Girder  and  I-Beams  are  given  in  Tables  151  to  160, 
inclusive. 

SoliUion. — ^The  bending  moment  is 

M  =  )^'/»  «  3^  X  1000  X  r6»  «  32,000  ft.-lb.  =  32,000  X  12  in.-lb.  «  384,000  in.-lb. 
From  applied  mechanics, 

c         '' 
The  section  modulus  required  is  then, 

^      I      M     384,000  .    , 

5  =  -  =  -J-  =  ^-z^ —  =  24.0  m.« 

c      f       16,000         ^ 

The  section  modulus  of  a  9  in.  7  @  35  lb.  is  24.8  in.',  and  of  a  10  in.  7  @  25  lb.  is  24.4  in.'  (Taole 
7),  either  of  which  will  carry  the  load,  but  the  10  in.  7  @  25  lb.  being  lighter  is  the  more  economical, 
and  being  the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb.  per 
sq.  in.,  are  given  in  Table  7.  The  I-Beam  could  have  been  selected  directly  from  the  moment 
making  use  of  these  values.  The  allowable  bending  moments  for  other  unit  stresses  are  propor* 
tional. 

The  safe  uniform  load,  in  tons,  for  I-Beams  are  given  in  Table  12,  using  a  fiber  stress  of 
16,000  lb.  per  sq.  in.  The  I-Beam  could  have  been  selected  directly  from  the  load  by  using 
this  table.     Safe  loads  for  other  unit  stresses  are  proportional. 

If  the  I-Beam  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  12a. 

Design  an  I-Beam  14'  o''  long  to  carry  a  concentrated  load  of  P  «  20,000  lb.  at  the  center 
of  the  beam.  The  maximum  moment  is  at  the  center,  and  is,  if  »  \iP*l  *  K  X  20,000  X  14 
«  70,000  ft.-lb.  =  840,000  in.-lb. 

The  required  section  modulus  b,  5  «  Mjf  =  840,000  -J-  16,000  =  52.5.  In  Table  7,  the 
lightest  beam  that  will  carry  the  load  is  a  15  in.  7  @  42  lb.,  which  has  a  value  of  5  »  58.9  in.'» 
and  a  bending  moment  of  79,000  ft.-lb.  A  12  in.  7  @  55  lb.  will  also  carry  the  load,  but  is  not  an 
economical  section.  A  concentrated  load,  P,  at  the  center  will  give  the  same  maximum  stresses 
as  a  uniformly  distributed  load  of  2P,  From  Table  12,  a  15  in.  7  @  42  lb.  will  carry  a  uniformly 
distributed  load  of  22  tons,  which  is  sufficient. 

Two  I-Beams  with  Sepaimtors. — Design  a  girder  consisting  of  two  I-Beams  fastened  together 
by  means  of  separators,  the  girder  having  a  span  of  16'  o''  and  carrying  a  uniform  load  of  2,000 
lb.  per  linear  ft. 

References— % 33,  p.  57;  §  19,  p.  105;  § 39,  p.  141;  (  17,  p.  209;  ( 30,  p.  210. 

SduUan. — ^The  bending  moment  is 

if  =  J  W.P  -  I  X  2000  X  i6»  -  64,000  ft.-lb.  -  798,000  in.-lb. 
From  mechanics, 

c       ' 
The  section  modulus  required  is, 

-,      7      if     798,000        o-.-    « 
5  ^  -  -  -7-  «  ~~ —  —  48.0  m.' 
c       f       16,000       ^ 

Each  I-Beam  must  have  a  section  modulus  of  i  X  48.0  —  24.0  in.'  The  section  modulus 
of  one  9  in.  7  @  36  lb.,  is  24.8  in.'  and  of  one  10  in.  7  @  25  lb.,  is  24.4  in.',  either  of  which  will 
carry  one-half  the  load,  but  the  10  in.  7  @  25  lb.  being  lighter  is  the  more  economical,  and  being 
the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments,  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb.  per 
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sq.  in.  are  given  in  Table  7.  The  I-Beams  could  have  been  selected  directly  from  the  moment 
making  use  of  these  values. 

The  safe  uniform  load,  in  tons,  for  I-Beams  is  given  in  Table  12,  using  a  fiber  stress  of  16,000 
lb.  per  sq.  in.    The  I-Beams  could  have  been  selected  directly  from  the  load  using  this  table. 

If  the  girder  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  12a. 

The  separators  for  Carnegie  I-Beams  are  given  in  Fig.  4,  page  83,  Chap.  II.  The  separators 
for  Bethlehem  beams  are  given  in  Table  158. 

Plate  Girders. — ^The  full  discussion  of  the  design  of  plate  girders  would  require  more  space 
than  b  available.    The  following  notes  will  be  of  value. 

References, — ^The  following  references  should  be  consulted. 

Weights^—V.  115;  p.  150;  p.  151;  p.  152;  p.  153;  p.  155;  p.  156;  p.  158. 

Bending  Moments  and  Shears. — Pages  159,  163,  164,  165,  166,  167,  173,  174. 

UnU  Stresses.— i  33,  §35,  §36,  p.  57;  §42.  §43.  P-  58;  §36,  §37.  §39.  §40.  §4i.  §44.  P. 
141;  §  50,  §  51,  §  52,  §  53.  §  54.  p.  142;  §  14,  §  29.  p.  206;  §  14,  §  15.  §  17,  §  18,  §  19,  p.  209;  §  29. 
§  30,  p.  210. 

ProporHon  of  Parts.— i  3,  p.  55;  §  43,  p.  58;  §  3,  p.  137;  p.  202;  p.  203;  §  26,  §  29,  §  30,  §  77, 
p.  206;  §  79,  p.  207;  §  26,  §  27,  §  29,  §  31,  §  32,  §  38,  p.  210;  §  57,  p.  211;  §  77.  §  78,  §  79,  p.  212; 
§  80,  p.  213;  pages  220,  221,  222. 

Details. — ^Pages  54,  123,  124,  189,  190. 

The  gross  and  net  areas  of  angles  are  given  in  Table  29;  Area  of  Plates,  Table  i ;  Areas  to  be 
Deducted  for  Rivet  Holes,  Table  116;  Moments  of  Inertia  of  Angles,  Tables  32,  33  and  34; 
Moments  of  Inertia  of  Web  Plates,  Table  3;  Moments  of  Inertia  of  Cover  Plates,  Table  5;  Prop- 
erties of  Plate  Girders,  Table  87;  Centers  of  Gravity  of  Plate  Girder  Flanges,  Table  88. 

Nomenclature. — ^The  following  nomenclature  will  be  used. 

M  =  resisting  moment  of  section. 

V  B  vertical  shear  at  section. 
/     ■*  allowable  unit  fiber  stress. 

/     =  moment  of  inertia  of  gross  section. 

/'    B  moment  of  inertia  of  net  section. 

/*    a  moment  of  inertia  of  gross  section  of  web  plate. 

/*'  =  moment  of  inertia  of  net  section  of  web  plate. 

Ar  '='  gross  area  of  one  flange. 

-4  jF  =  net  area  of  tension  flange. 

i4,  =  gross  area  of  web. 

h     =  distance  between  centers  of  gravity  of  flanges. 

V  s  distance  between  gage  lines  of  rivets  in  tension  and  compression  flanges. 
d     B  distance  back  to  back  of  angles  in  flanges. 

c     =  distance  from  neutral  axis  to  extreme  fiber. 

p     =«  pitch  of  rivets  in  flanges. 

r     =  allowable  resistance  of  one  rivet. 

w    «  concentrated  load  per  unit  length  of  rail  =  P/l  where  P  =  concentrated  load  and 

/  ■>  distance  over  which  the  load,  P,  is  considered  as  distributed  (see  §  5,  p.  202). 
2*1  s=  number  of  rivets  on  one  side  of  web  splice. 

Resisting  Moment. — There  are  four  methods  now  in  use  for  determining  the  resisting  moment 
Qi  a  plate  girder  section. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges  (see  §  29,  p.  206), 

M^Ap'f'H  (7) 

(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area  (see  §  \2, 
p.  58;  §  50.  P-  142;  §  29,  p.  206), 
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(4)  By  moment  of  inertia  of  gross  section, 

P  =  ^  (9) 

Rivets  Connecting  Cover  Plates  to  Flange  Angles, 

(i)  and  (2).  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  or  that  one- 
eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

P^-vTaT  ^'°^ 

where  n  —  number  of  rivets  on  one  transverse  line. 

r  —  value  of  one  rivet  in  single  shear  or  bearing. 
d  »  distance  back  to  back  of  angles. 
i4  e'  =  total  net  area  of  cover  plates  in  one  flange. 

(3)  By  moment  of  inertia  of  net  section,  * 

'-y^  <") 

where  AJ  ^  total  net  area  of  cover  plates  in  one  flange. 

he  =  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

(4)  By  moment  of  inertia  of  gross  section, 

'-^  <■" 

where  Ac  ^  total  gross  area  of  cover  plates  in  one  flange. 

he  ■=  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

Weh  Splice, — ^An  ordinary  web  splice  is  shown  in  Fig.  8.  Where  splice  plates  are  designed 
to  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  9  is  sometimes  used. 
Plates  AB  and  A'B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
plate  CD  to  transfer  the  shear.  Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 
spliced.  The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
except  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
the  neutral  axis  is  the  most  severely  stressed. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

V  V 

r  =  —  ,  and  2«  =  —  (13) 

2n  r 

(2)  Assuming  that  one-eighth  the  area  of  web  is  available  as  flange  area.    The  stress  in  the 

outermost  rivet  is  given  by  the  formula,  where  M'  is  moment  carried  by  web. 


(3)  By  moment  of  inertia  of  net  section.    The  stress  in  the  outermost  rivet  is  given  by  the 
formula; 


(4)  By  moment  of  inertia  of  gross  section.     The  stress  in  the  outermost  rivet  is  given  b 
formula 


For  the  details  of  a  web  splice,  see  Fig.  16. 
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(3)  By  moment  of  inertia  of  net  section  (see  §  42,  p.  58;  §  50,  p«  142;  §  29,  p.  206), 


M 


JjJl 


(I") 


(4)  By  moment  of  inertia  of  gross  section  (used  by  American  Bridge  Co.  for  plate  girders 
for  buildings), 


c 

Rivets  in  Flanges  Which  do  not  Carry  Concentrated  Loads, 
(i)  Assuming  that  all  bending  moment  is  carried  by  flanges. 


(I'") 


Fig.  8.    Wbb  Splicb  for  Plate  Girder.  Fig.  9.    Web  Splice  for  Plate  Girder. 
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(2)  Assuming  that  one-eighth  the  gross  area  of  web  is  available  as  flange  area, 

^  Ay        ^    V 


(3)  By  moment  of  inertia  of  net  section, 


2r/' 


VAy-h 


(4)  By  moment  of  inertia  of  gross  section. 

Rivets  in  Flanges  Carrying  Concentrated  Loads, 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges. 


(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

(3)  By  moment  of  inertia  of  net  section, 
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(4)  By  moment  of  inertia  of  gross  section, 

P  =  ^      (9) 

Rivets  Connecting  Caver  Plates  to  Flange  Angles. 

(i)  and  (2).  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  or  that  one- 
eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

P y:jl-  (10) 

where  n  *=  number  of  rivets  on  one  transverse  line. 

r  =  value  of  one  rivet  in  single  shear  or  bearing. 
d  »  distance  back  to  back  of  angles. 
Ae'  "^  total  net  area  of  cover  plates  in  one  flange. 

(3)  By  moment  of  inertia  of  net  section,  * 

where  i4/  »  total  net  area  of  cover  plates  in  one  flange. 

he  *  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

(4)  By  moment  of  inertia  of  gross  section, 

where  i4«  »  total  gross  area  of  cover  plates  in  one  flange. 

he  =  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

Web  Splice. — ^An  ordinary  web  splice  is  shown  in  Fig.  8.  Where  splice  plates  are  designed 
to  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  9  is  sometimes  used. 
Plates  AB  and  -4'B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
plate  CD  to  transfer  the  shear.  Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 
spliced.  The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
except  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
the  neutral  axis  is  the  most  severely  stressed. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

V  V 

r  =  —  ,  and  2«  =  —  (13) 

2n  r 

(2)  Assuming  that  one-eighth  the  area  of  web  is  available  as  flange  area.  The  stress  in  the 
outermost  rivet  is  given  by  the  formula,  where  M'  is  moment  carried  by  web, 

(3)  By  moment  of  inertia  of  net  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
formula;  " 

'-V(f,)'^(¥-iJ-)" 

(4)  By  moment  of  inertia  of  gross  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
formula  

For  the  details  of  a  web  splice,  see  Fig.  16. 
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Flange  SfUce. — ^Flanges  should  never  be  spliced  unless  it  is  impossible  to  get  material  of 
the  required  length.  Flange  splices  should  always  be  located  at  points  where  there  b  an  excess 
of  flange  section,  no  two  parts  of  the  flange  should  be  spliced  within  two  feet  of  each  other.  Rivets 
in  splice  plates  and  angles  should  be  located  as  close  together  as  possible  in  order  that  the  transfer 
may  take  place  in  a  short  distance.  No  allowance  should  be  made  for  abutting  edges  of  spliced 
members  of  the  compression  flange. 

Flange  angles  should  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible  the  largest  possible  splice  angle  should  be  used  and  the 
difference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle.  The  number  of 
rivets  required  in  the  splice  angle  on  each  side  of  the  joint  in  the  angle  is  given  by  the  formula, 

»-•'—  (17) 

where  /  s  the  allowably  unit  stress  in  the  flange,  A  =  area  of  spliced  angle,  and  r  »  the  allow- 
able stress  on  one  rivet.  Rivets  which  are  already  considered  as  transferring  the  shear  may  be 
considered  as  splice  rivets  if  they  are  included  in  the  splice  angle. 

Cover  plates  should  be  spliced  with  a  splice  plate  of  equal  section.  The  number  of  rivets 
required  in  the  splice  plate  on  each  side  of  the  joint  is  determined  by  the  above  formula  if  the  plates 
are  in  direct  contact  in  the  same  way  as  for  splice  angles.  Where  one  or  more  plates  intervene 
between  the  splice  plate  and  cover  plate  which  it  splices,  rivets  should  be  used  on  each  side  of  the 
joint  in  excess  of  the  number  required  in  case  of  direct  contact,  to  an  extent  of  one-third  that 
number  for  each  intervening  plate  (see  {  79,  p.  144,  and  §  57,  p.  211). 

The  above  methods  for  flange  splicing  apply  only  when  methods  (i)  and  (2)  of  proportioning 
sections  are  used,  but  may  be  used  with  sufficient  accuracy  when  methods  (3)  and  (4)  are  used. 
Strictly  speaking  for  methods  (3)  and  (4)  splice  angles  and  plates  should  have  moments  of  inertia 
about  the  neutral  axis,  equal  to  the  moments  of  inertia  of  the  members  they  splice,  about  the 
neutral  axis.  An  exact  analysis  for  the  number  of  rivets  required  in  splices  would  give  a  less 
number  than  obtained  from  above  formula. 

Stiff eners, — ^For  method  of  designing  stiff eners  see  §43,  p.  58;  §52,  p.  142;  §79,  p.  207; 
§79,  p.  212;  p.  221. 

Pins  and  Pin  Packing. — ^A  pin  under  ordinary  conditions  is  a  short  beam  and  must  be  designed 
(i)  for  bending,  (2)  for  shear,  and  (3)  for  bearing.  If  a  pin  becomes  bent  the  distribution  of  the 
loads  and  the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  /,  is  found  by  means  of  the  fundamental  formula  for  flexure, 
f  a  M-c/I,  where  the  maximum  bending  moment,  if,  is  found  as  explained  later;  /  is  the  moment 
of  inertia;  and  c  b  one-half  the  radius  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  specifications  are  for  a  uniform  distribution  of 
the  shear  over  the  entire  cross-section,  and  the  actual  unit  shearing  stress  to  be  used  in  designing 
will  be  equal  to  the  maximum  shear  divided  by  the  area  of  the  cross-section  of  the  pin. 

The  bearing  stress  is  found  by  dividing  the  stress  in  the  member  by  the  bearing  area  of  the 
pin,  found  by  multiplying  the  thickness  of  the  bearing  plates  by  the  diameter  of  the  pin. 

References.— i^i,  p.  58;  |90,  p.  61;  (99,  p.  61;  (  107,  p.  62;  |  39,  p.  141;  840  and  §41, 

p.  141;  S  74.  p.  143;  ( 75,  p.  143;  ( 76,  p.  143;  8  92.  p.  144;  i  i4«.  P-  145;  8 142.  p.  145;  i  144. 

p.  146;  S  17,  p.  209;  §  18.  p.  209;  (  19,  p.  209;  i  28,  p.  210;  (  52,  p.  211;  1 54,  p.  211;  §  136,  p. 
216;  p.  219;  p.  220;  p.  402. 

Details  of  Pins. — Details  of  bridge  pins  are  given  in  Table  95,  Part  II. 

Stresses  in  Pins. — ^The  method  of  calculation  will  be  illustrated  by  calculating  the  stresses  in 
the  pin  at  Ui  in  (a)  Fig.  10.  In  the  complete  investigation  of  the  pin  Uu  it  would  be  necessary 
to  calculate  the  stresses  when  the  stress  in  UiUt  was  a  maximum,  and  when  the  stress  in  UiLt 
was  a  maximum.  Only  the  case  where  the  stress  in  £/i  C/j  is  a  maximum  will  be  considered.  How- 
ever«  maximum  stresses  in  pins  sometimes  occur  when  the  stress  in  UiLt  is  a  maximum,  and  this 
case  should  be  considered  in  practice. 


PINS  AND   PIN   PACKING. 
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Bending  Moment. — The  stresses  in  the  members  are  shown  in  (c)  Fig.  lo,  which  gives  the 
force  polygon  for  the  forces.  The  make-up  of  the  members  is  shown  in  (a),  and  the  pin  packing 
on  one  side  is  shown  in  (6).  The  stresses  shown  in  (c)  are  applied  one-half  on  each  side  of  the 
member,  the  pin  acting  like  a  simple  beam.  The  stresses  are  assumed  as  applied  at  the  centers 
of  the  plates  which  make  the  members. 
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Fig.  io.    Calculation  of  Stresses  in  a  Pin. 


CalculaUon  of  Stresses  in  a  Pin. — ^The  amounts  of  the  forces  and  the  distances  between  their 
points  of  application  as  calculated  from  (b)  are  shown  in  (d)  Fig.  lo.  The  horizontal  and  vertical 
components  of  the  forces  are  considered  separately,  the  maximum  horizontal  bending  moment 
and  the  maximum  vertical  bending  moment  are  calculated  for  the  same  point,  and  the  resultant 
moment  is  then  found  by  means  of  the  force  triangle. 

In  (d)  the  horizontal  bending  moments  are  calculated  about  the  points  i,  2, 3, 4;  the  maximum 
horizontal  moment  is  to  the  right  o(  3,  and  is  208,600  in.-lb.  The  vertical  bending  monibnts  are 
calculated  about  points  5,  6,  7,  8;  the  maximum  bending  moment  is  to  the  right  of  8,  and  is 
283,000  in.-lb.  The  maximum  bending  moment  is  at,  and  to  the  right  of  4  and  8,  and  is,  Af  = 
'^208,600*  -f  283,000*  =  351,600  in.-lb.  Substituting  in  the  formula,/  =  Af-c//,  the  maximum 
bending  stress  is  /  =  16,600  lb.  per  sq.  in.  The  allowable  bending  stress  in  pins  for  which  this 
bridge  was  designed  was  18,000  lb.  per  square  inch.  The  allowable  bending  moments  on  pin 
are  given  in  Table  98. 

Shear. — The  shear  is  found  for  both  the  horizontal  and  vertical  components  as  in  a  simple 
beam,  and  is  equal  to  the  summation  of  all  the  forces  to  the  left  of  the  section.  The  maximum 
horizontal  shear  is  between  i  and  2,  and  is  165,400  lb.  The  shear  between  2  and  3  is  165,400 
—  99,300  =  66,100  lb.  The  maximum  vertical  shear  is  between  6  and  7,  and  is  126,300  lb.  The 
resultant  shear  between  2  and  3,  and  6  and  7,  is,  V  =  '^'126,300'  -f  66,100*  =  i45>ooo  lb.,  which 
is  less  than  the  horizontal  shear  between  i  and  2.    The  maximum  shear,  therefore,  comes 
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between  i  and  2,  and  is  165400  lb.     The  maximum  shearing  unit  stress  is  165400  -s-  28.27  = 
5,850  lb.  per  sq.  in.     The  allowable  shearing  stress  was  9,000  lb.  per  sq.  in. 

Bearing, — ^The  bearing  stress  in  LoL^i  is  160,650  -s-  (6  X  1.94)  =  13,800  lb.  Bearing  stress 
in  UiUi  is  165400  -^  (6  X  1.88)  =  14,600  lb.  Bearing  stress  in  UiLi  is  42,200  4-  (6  X  0.89) 
=  7,900  lb.  Bearing  stress  in  UiLt  is  107,000  -^  (6  X  lA)  ^  12400  lb.  per  sq.  in.  The 
allowable  bearing  stress  was  15,000  lb.  per  sq.  in.  Allowable  bearing  stresses  on  pins  are  given 
in  Table  97. 

For  the  calculation  of  the  stresses  in  the  pins  of  a  160  ft.  steel  highway  bridge,  see  the  author's 
"The  Design  of  Highway  Bridges,"  Chap.  XXII,  Part  III. 

Pin  Packing, — For  details  of  pin  packing  see  pages  219,  220  and  page  402.  Details  of  pins 
are  given  in  Table  95,  Part  II. 

Corrugated  Steel  Roofing. — For  the  calculation  of  the  strength  of  corrugated  steel  and  for 
a  diagram  for  the  safe  loads  for  corrugated  steel,  see  Fig.  18,  Chap.  I,  page  22. 

Bearing  Plates. — The  bearing  plates  required  for  beams  and  columns,  Fig.  11,  may  be  deter- 
mined by  the  following  formulas. 

Let  R  —  reaction  of  beam  or  load  on  column. 
A  =  area  of  bearing  plate. 
w  —  allowable  unit  pressure  in  masonry. 
/  =  allowable  fiber  stress  in  plate. 
p  =  projection  of  bearing  plate  beyond  any  edge  of  beam  or  column. 

Area  of  bearing  plate. 


V////A        I 


Fig.  II.    Bearing  Plates. 
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Thickness  of  bearing  plate  required  by  a  given  projection, 
Safe  projection  for  a  given  thickness  of  plate. 


3W 


(19) 


(20} 


The  allowable  pressures  of  bearing  plates  on  masonry  (value  of  w)  are  given  in  Table  VI 11, 
P^S^  175*  Standard  bearing  plates  for  I-beams  are  given  in  Table  8;  for  channels  in  Table  15. 
The  length  of  I-beams  which  should  bear  on  plates  in  order  that  the  full  shearing  strength  be 
developed  is  given  in  Table  1 1 ;  and  of  channels  in  Table  16. 

For  a  full  discussion  of  bearing  plates,  see  Bulletin  No.  35,  University  of  Illinois  Engineering 
Experiment  Station,  entitled  ''A  Study  of  Base  and  Bearing  Plates  for  Columns  and  Beams," 
by  Professor  N.  Clifford  Ricker. 

COMBINED  FLEXURE  AND  DIRECT  STRESS.— The  formulas  for  combined  flexure  and 
direct  stress  are  given  in  section  26,  Chapter  XVI.  The  design  of  members  stressed  in  com- 
bined flexure  and  direct  stress  will  be  shown  by  several  examples. 

Eye-Bar. — An  eye-bar  in  a  structure  carries  a  direct  stress  due  to  the  dead  and  live  loads, 
and  in  addition  is  stressed  in  flexure  due  to  its  own  weight. 


-^n^-  ^2-  icr  OB;'  ttti  -en^  jil  op:   tv^^  en,  .  An.    ji-*  :»'    ;v     :;»>.t\.  i ..-.--    J   =   .Vi^x.*..^- *    »*,.>.:.»  . 

r 


\j9^    X'  =  sa-,*  macTi;  f  =»  :iaS.-'*  ^m.-  ^xipr*  r    *n  •  i^a'  jv  Unci',   incr.    J^  *  . 
=  /  --    J  «  ri  -r- .  £  =  3C ,  ao^  i'  =  J^.a(KfukXi  u  .  j.k"  *.  .  ir.     an..  >L,«.v>;.;i.;;aj; 

'• -•  *    '     '  -.  —  -Jiji»u»^>X»  '  -  ■ 

zncT  f  1-  lifcr  LJiLiun-  nncr  stress  in  tiie  iw.7  dut"  tv>  mxagn:,  An.\  i>  tendon  \\\  ia.»  io^y:  tiu^:  •iiv! 

I:  iiiv  oar  i>  inrtme^.  uit-  sne^  obcain^.i  bv  iiirmul..  yZ2    mus:  K   muh;:'CnNi  b\   ih.-  sanr 
c'  UK  anef.:  ucit  tne  oar  midKes  wiih  a  veniciil  kin. . 

/cr-  .>«res4  tn  3ctrj  i>fc^  -J  W'c^gr^ — Taking  the  rtv^iuvui  o;  oquauou  ^.2.^' 

\» 


I 

and 


{." 


/i      4,9O0,OQO/r  4,90o.oaL»/.  •^*  "^  •^"* 


^' =  >,:;, 


A  diagTBm  for  solving  equation  v-3-*  ij*  given  in  TjImi-  I34»  Pan  II,  which  9et\  The  intrrsivtitn^> 
of  the  inclined  knes  in  Table  134  correspond  to  depths  ol  e>t^bar  thai  t;i\v  maximum  stiitwv^s 
due  to  weight- 

£ild-Pii6t. — ^Design  the  end-post.  Fig.  12,  for  a  160  ft.  span  through  hij:hwav  brid.nt^  Va\\k\ 
length.  20'  o";  depth  of  truss  c.  toe  of  pins,  24'  o";  length  of  cnd-jx)>i,  31  3*",  Ww  duivi 
stresses  are  as  follows:  dead  load  stress  =  30,000  lb.;  hve  load  sircs>  =•■  (H),otK>  lb.;  tni}>.ii  i  - 
100  '160+300;  X  60,000  =*  13,000  III.;  total  direct  stress  duo  to  dead  liKid,  Uvr  hwd  tind 
impact  =  103,000  lb.  The  bridge  is  to  Ix?  a  class  C  bridge  designed  accordnig  to  the  "iionoral 
Specifications  for  Highway  Bridges."  in  Chapter  III.  From  §  3h  of  the  siKHiiication.N  ihr  .illow 
able  unit  stress  is/«.  =  16,000  —  70/  r.  The  section  will  Ik'  made  of  two  channels  anil  oiu'  iovtm 
plate.  Try  a  section  made  of  two  10  in.  channels  {^^  15  lb.,  and  one  14  in,  by  5  H>  in.  plate.  (M, 
Fig.  12.  From  Table  82,  Part  II,  the  radius  of  gyration  about  the  horizontal  axis .  I- .  I ,  is  r  ^  -  ^  do 
in.,  and  about  the  vertical  axis  B-B  is,  r^  =  4.57  in,,  and  the  eccentricity  i*.,  i*  *  1,70  in.      I  hr 

allowable  stress  is  then /«  =  16,000  —  -  -    7'     -  =  9,400  lb.  per  sq.  in.     The  rtHjuiml  wrea  \^ill 

be  =  103,000  -s-  9,400  =  10.96  sq.  in.  The  actual  area  is  13.30  sq,  in.  While  the  »oetiou  «p 
pears  to  be  excessive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loiuling  and  winti 
before  rejecting  it. 

The  area,  radii  of  gyration  and  the  eccentricity  may  be  calculated  a.s  follows. 
To  calculate  the  area 

area  of  two  10  in.  channels  (Table  14)  «=-    h.j)2  sq,  in. 

area  of  one  14  in.  by  5/16  in.  plate  (Table  2)  =     4. 38  sq.  in. 

Total  area  «  13.30  «i.  in. 


588 


THE   DESIGN  OF  STEEL   DETAILS. 


Chap.  XVI  L 


To  locate  the  neutral  axis  A-A,  take  moments  about  tlie  lower  edge  of  the  rhanneh 

c  =   -^ —  _  .T-      ^  ■»  6.70  in. 


8-9^  X  5  -f  4-38  X  10.156  ^  5       j 
13^0  '^ 


The  eccentricity  is  e  ^  6.70  —  5.00  »  1.70  in.    The  moment  of  inertia  /^,  about  axis  A—A 
may  be  calculated  as  follows: 

Let  /«  »  /  of  channels  about  center  of  channels  (Table  14). 
Ip  "  I  oi  plate  about  center  of  plate  (Table  4). 
Ac  ™  area  of  channels  (Table  14). 
Ap  »  area  of  plate  (Table  i). 


i^M  .^^^^^: 


(b) 


fc) 


re) 
FkG.  12.    End-Post  of  a  Highway  Brhxs. 

Then        /^i  -  /.  +  7p  -f  ^4.  X  1.70^  4-  ^p  X  3.456*. 

-  2  X  66.9  +  0.04  +  8.92  X  1.70*  +  438  X  3456^ 

-  1338  +  0.04  +  25.76  +  52.20 
■■  211.80  in.^       

Then  r ^  -  V/^  +  A  ■■  V211.80  +  13.3  =  3.99  in. 
The  moment  of  inertia  /p,  about  axis  B-B  may  be  calculated  as  follows. 
Let  //  «■  /  of  channels  about  neutral  axis  parallel  to  the  web  (Table  14). 

Ip  ->  /  of  plate  about  vertical  axis  (Table  3). 

i4e  *■  area  of  channels  (Table  14). 

From  Table  82  the  distance  back  to  back  of  channels  is  8^  in.  From  Table  14  the  distance 
from  neutral  axis  to  back  of  channel  is  0.639  *».  The  distance  from  neutral  axis  of  channels  to 
axis  B-B  te  4.25  +  0.639  "  4*889  in.  (4.89  in.  will  be  used). 

Then  Ib  -  //  +  Ip'  +  ^4,  X  48^ 

-  4.60  +  71,46  -f  9-82  X  4-8^ 

-  4.60  +  71.46  +  213.28 

-  289.34  in.^       

Then  fa  -  V/^  +  ^1  »  ^^289.34  +  13.3  -  4.67  in. 
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Stress  Due  to  Weight  of  Member.— -The  total  weight  of  the  member  will  be 

Two  ID  in.  chamiels  @  15  lb.,  31'  6"  long  »    945  lb. 

One  14  in.  X  5/16  in.  plate  @  14.88  lb.,  30'  o"  long  «    447  lb. 

Details  and  lacing  about  25  per  cent  »    308  lb. 

Total  Weight,  W  -  1700  lb. 

The  bending  moment  due  to  weight  of  member  is  If  »  i IF- /-sin  9. 

Stress  due  to  weight 

/-  =  — ;p^=-— p;^  (25) 

^      lo£        ^^       iq£ 
The  stress  due  to  weight  in  the  upper  fiber  will  be 

/    =  i  X  1,700  X  375  X  0.645  X  3-6125 
"  211  8  -  'Q3.00O  X  375* 

10  X  30,000,000 
«  940  lb.  per  sq.  in. 

The  stress  due  to  weight  in  the  lower  fiber  is 

/•  =  -  6.70  X  940  -5-  36125 
"  —  1745  lb.  per  sq.  in. 
Stress  Due  to  Eccentric  Loading. — ^The  pins  were  placed  }  inch  above  the  center  of  the  channels, 
and  the  stress  due  to  eccentric  loading  will  be 

Mi'C         P  X  (1.70- 0-5)  Xc  ... 

vm  — 7ZH — 

loE  loE 

The  eccentric  stress  in  the  upper  fiber  will  be 

-       103,000  X  1.20  X  3-6125 

2i..8-'°t°°"^375' 
10  X  30,000,000 
=  —  2,280  lb.  per  sq.  in. 

The  eccentric  stress  in  the  lower  fiber  is 

/•  -  +  6.70  X  2,280  +  3-6125 
—  -h  4,230  lb.  per  sq.  in. 

The  resultant  stress  due  to  weight  and  eccentric  loading  is/i  ■»/«■.+  /•=  +  940  —  2,280  « 
—  1,340  lb.  in  the  upper  fiber,  and  —  it745  +  4*230  =  2485  lb.  per  sq.  in.  in  the  lower  fiber. 

The  allowable  stress  due  to  weight  and  eccentric  loading  is  greater  than  10  per  cent  of  the 
allowable  stress  and  must  be  considered,  with  the  allowable  unit  stress  increased  by  10  per  cent 
(§  48,  p.  142). 

The  total  unit  stress  in  the  member  will  be,  /  «=  103,000  -f-  13.30  +  2,485  =  7,752  +  2,485 
s  10,237  lb.  per  sq.  in.  The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
sidered is  9,400  X  i.io  =  10,340  lb.  per  sq.  in.,  which  is  sufficient. 

Stress  Due  to  Wind  Moment. — ^The  stresses  in  the  portal  and  the  direct  wind  stresses  in  the 
end-post  when  the  end-post  is  assumed  as  pin-connected  at  the  base  are  shown  in  (d)  and  (e)  Fig. 
12.  The  end-posts  may  both  be  assumed  as  fixed  if  the  windward  end-post  is  fixed.  To  fix  the 
windward  end-post  the  bending  moment  must  not  be  greater  than  the  reasting  moment  which 
will  be 

Mo  =  H-yc  -  (90,000  -  r  -  Z>')a/2 
where  V  —  5,060  lb.  and  D'  =  7,000  lb.  the  direct  stress  due  to  wind,  and  a  -  distance  center 
to  center  of  metal  in  the  sides  of  the  end-post  =  8.87  in.,  (/),  Fig.  12.     (The  impact  stress  is 
omitted.)     If  >«  is  taken  equal  to  id  =  10'  o"  ^  120  in.,  we  will  have 

2,000  X  120  <  (90,000  —  5,060  —  7»ooo)  8.87/2 
which  makes  240,000  <  345,600,  and  the  end-post  may  be  assumed  as  fixed  at  the  base. 
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The  stress  due  to  bending  moment  due  to  wind  loads  in  the  leeward  end-post  will  be, 

/-  == pT^  («7) 

^"To£ 

240^000  X  7 , ,. 

"  ,.^,      (90.000 -f  5,668  4- 7,000)258'  -  ^'730  lb.  per  sq.  m. 

209.4  — ,  .  : 

10  X  30,000,000 

The  total  stress  due  to  direct  wind  load  will  be  /»  =»  (5060  +  7000) /i 3. 30  =  +  910  lb.  per 
sq.  in.  The  total  maximum  wind  load  stress  will  come  on  the  windward  fiber  of  the  leewanl 
end-post,  and  will  be/»"  =»  +  6,370  +  910  =»  +  7,280'lb.  per  sq  in. 

The  jnaximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  load 
stresses  will  be 

/  =  90,000  -^  13.30  +  7»28o 
=  6,770  -f  7,280  =  14,050  lb.  per  sq.  in. 

From  §  46  in  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  when  direct 
and  flexural  wind  stresses  are  considered. 

The  allowable  stress  when  both  direct  and  flexural  wind  stress  are  considered  is  then 

/c  «  9,400  X  1.50  =  14,000  lb.  per  sq.  in. 

The  stresses  in  the  windward  post  will  be  less  than  in  the  leeward  end-post  calculated  above. 

While  the  section  assumed  appeared  to  be  excessive,  the  additional  area  and  the  width  of 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

For  the  method  used  by  the  C.  M.  &  St.  P.  Ry.  for  the  design  of  an  end-post,  see  p.  222. 

Column  of  a  Transverse  Bent — Design  a  column  similar  to  that  of  the  transverse  bent  shown 
in  Fig.  3,  Chapter  XVI,  but  having  column  length  of  25'  t"  and  being  hinged  at  the  base.  Direct 
stress  —  -h  12,800  lb.,  bending  moment  at  foot  of  knee  brace  =  181,250  ft.-lb.  Shear  —  H 
=  13,500  lb. 

References.—i  34  and  (  38,  p.  57;  |  79»  8  80  and  8  84,  p.  60;  §  94,  §  97,  8  98  and  8  100,  p.  61. 

Solution. — ^A  section  composed  of  four  angles  and  a  plate  will  be  used.  The  column  will  be 
supported  laterally  by  the  girts  so  the  length  in  that  direction  will  be  taken  as  J^  X  25'  6"  =»  12.75 
ft. 

Try  4  angles  5"  X  sW  X  W\  long  legs  out,  18H  in.  back  to  back  and  one  web  plate  18  in. 
X  H  in.  Distance  between  rivet  lines  »  18}^  —  2  X  2  «:  14H  in.  Maximum  allowable 
distance  for  Jj  in.  plate  =»  40  X  5^  —  15  in. 

Using  method  at  bottom  of  Table  69,  i4  =  22.75  in.«;  I^  =  1,311  in.*;  la  =  94.6  in.*; 
^A  =  7-59  in.;  fg  =  2.04  in.  The  greatest  value  of  /  -^  r  =  12.75  X  12  +  2.04  =  75.0.  The 
maximum  allowable  value  of  /  -f-  r  «  125.     The  allowable  unit  stress  is: 

1.50(16,000  —  70 //r)  «  1.50(16,000  —  70  X  75.0)  =  16,100  lb.  per  sq.  in. 

The  actual  unit  stress  is: 

16,000  lb.  per  sq.  in. 

FloorbeanL — ^Floorbeams  are  designed  in  the  same  way  as  other  plate  girders.  The  section 
cut  away  for  clearance  at  the  joint  must  be  strengthened  by  means  of  plates  as  shown  in  Fig.  13. 
To  determine  the  strength  at  the  weakest  section,  A- A,  the  following  method  is  used. 

The  floorbeam  is  drawn  to  scale  in  Fig.  13,  so  that  distances  can  be  scaled  and  the  maximum 
floorbeam.  reaction  189,980  lb.  be  resolved  graphically,  in  the  center  line  of  the  post,  into  80,000 
lb.  normal  to  A- A,  which  produces  direct  tension  on  the  section  A-A,  and  173,000  lb.  parallel 
to  A-A,  which  produces  shear  and  flexural  stress. 


^7 

Mc 

loE 

12,800 
22.75 

181,250  X  12  X  9-25 

131 

12.800 
10  > 

X  25.5*  X  I2« 

<  30,000,000 

DESIGN  OF  A  FLOORBEAM. 
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Rivet  holes  are  conndered  as  spaced  3  in.  along  the  section  A-A ,  for  when  the  beam  is  detailed 
it  is  not  probable  that  they  will  be  spaced  closer  than  3  m.  Holes  are  deducted  from  the  tension 
side  only,     i  in.  holes  being  deducted  for  J/i  in.  rivets. 

The  plates  may  not  be  exactly  as  indicated  on  Fig.  13  for  it  may  be  necessary  to  alter  them 
slightly  in  detailing,  but  small  changes  will  not  change  the  results  materially.  It  is  quite  an 
advantage  to  have  the  investigation  made  before  the  beam  is  completely  detailed  as  alterations 
are  more  easily  made  at  that  time  if  the  beam  proves  weak  in  any  particular. 

The  curved  angle  at  the  bottom  will  not  be  considered  as  adding  to  the  strength. 

Values  for  the  area,  eccentricity  and  moment  of  inertia  are  found  as  follows. 

First  the  moments  and  moments  of  inertia  of  the  separate  parts  are  found  about  an  axis 
through  the  geometric  center  of  the  section,  the  eccentricity  is  then  calculated.  The  moment 
of  inertia  about  an  axis  through  the  center  of  gravity  is  found  by  subtracting  the  product  of  the 
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Fig.  13.    Detail  of  Floorbeam  Connection. 


area  and  the  eccentricity  squared  from  the  moment  of  inertia  about  the  axis  through  the  geometric 
center  or 

Note. — ^For  sake  of  simplicity  the  total  section  was  divided  up  as  follows: 

A,  includes  three  \i  in.  and  two  %  in.  plates,  the  6"  X  %"  legs  of  the  flange  angles  and  % 
in.  +H  >n.  of  the  4"  X  %"  leg.  The  spaces  allowed  for  clearance  were  considered  as  solid  with 
no  appreciable  error. 

J5,  includes  the  remainder  of  the  4"  X  W  legs  of  flange  angles. 

C,  includes  the  ^  in.  outside  plates  considered  as  solid. 

P,  includes  the  rivet  holes,  i  in.  in  diameter  and  3.5  in.  long,  spaced  3  in.  center  to  center. 
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Tables  of  Areas,  Moments  and  Moments  of  Inertia. 


Section. 


Size. 
In. 


Area, 
Sq.  In. 


In. 


Moment. 
In.-Lb. 


In. 


fc. 


A 
B 
C 


355  X  2.75 
5.75  X  0.625 
i%jo  X  0.75 

5  X  I  X  3.5 


+97.6  000 

Moment  of  Inertia  about  own  axis 

+  3.6    I    +17^    1  +  62.6    I    +174 

Moment  of  Inertia  about  own  axis 

+13.5       I       -  8.8       I     -118.6       I       -  8.8 

Moment  of  Inertia  about  own  axis 


-17.5 


o 
+10,250 
+  1,088 

o 

_+ 365 


+97.2     I 

106.6  -^  97.2  =  1. 10        A-fi  =  97  2  X  i.io' 
Total  moment  of  inertia  about  centroidal  axis  » 


+162.6      I       —  9.3 

is 

I     +106.6       I 


1-9-3 
Moment  of  Inertia  about  own  axis 


",747 
■  1,513 
-     3'5 


10,919 
■      "7 


10,802 


The  bending  moment  of  this  section,  from  Fig.  14  is 

M  =  189,980  X  27  =  5,130,000  in.-lb. 
or 

M  =  i73»o«)  X  29.5  =  5,130,000  in.-lb. 
The  direct  tendon  is  80,000  lb. 
The  shear  on  the  section  is  173,000  lb. 
Compression  in  extreme  fiber  due  to  moment 

S\  *  M'c'  -^  /  =  (5,130,000  X  16.65)  4-  10,802  =  +  7,850  lb.  per  sq.  in. 
Tension  in  extreme  fiber  due  to  moment  is 

5i  =  M'c"il  =  5,130,000  X  18.85  ■*■  10,802  =  -  8,950  lb.  per  sq.  in. 
Tension  on  whole  section  due  to  direct  stress 

St  •=  Pja  =  80,000  +  97.2  =  —  820  lb.  per  sq.  in. 
Total  compression  in  extreme  fiber 

5  =  5i  +  5i  «  7,850  -  820  =  +  7,030  lb.  per  sq.  in. 
Total  tension  in  extreme  fiber 

5  -  5i  +  5i  »  —  8,950  —  820  «  —  9,770  lb.  per  sq.  in. 
Unit  shear  is  approximately 

5  =  173,000  -i-  97.2  -  1,780  lb.  per  sq.  in. 
The  allowable  unit  stress  in  compression  ■*  16,000  lb.  per  sq.  in.  (Spec  §  16). 
The  allowable  unit  stress  in  tension  »  16,000  lb.  per  sq.  in.  (Spec.  §  15). 
The  allowable  unit  stress  in  shear  »  10,000  lb.. per  sq.  in.  (Spec.  §  19). 
SND  CONNECTIONS  FOR  TENSION  AND  COMPRESSION  MEMBERS.— For  simple 
connections  with  concentric  stresses  the  number  of  rivets  in  riveted  end  connections  may  be  tal^n 
as  equal  to  the  total  stress  in  the  member  divided  by  the  allowable  stress  on  one  rivet  for  bear- 
ing  or  for  shear,  Table  1 14,  whichever  gives  the  larger  number  of  rivets.     Specifications  uni- 
formly require  that  the  connections  of  members  be  designed  to  develop  the  full  strength  of  the 
member.    The  minimum  number  of  rivets  in  shop  connections  should  be  two  rivets,  except  for 
lacing  bars;  while  the  minimum  number  of  rivets  in  field  connections  should  be  three  rivets, 
except  for  lacing  bars.    In  lateral  bracing  or  stiff  bracing  or  struts  the  actual  number  of  rivets 
required  to  develop  the  full  strength  of  the  member  should  be  increased  by  two  rivets,  for  the 
reason  that  two  rivet  holes  are  almost  certain  to  be  badly  distorted  by  the  drift  pins  in  draw- 
ing the  member  up.     Rivets  should  be  grouped  symmetrically  about  the  neutral  axis  of  the 
member  or  the  eccentric  stresses  should  be  calculated  and  provided  for.    The  strength  of  a  struc- 
ture depends  very  much  upon  the  strength  of  the  connections,  and  the  details  of  the  joints  and 
connections  should  be  worked  out  with  great  care. 
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Biferences.—i  49.  p.  58;  §  78.  §  79.  §  8o.  §  8i.  §  85.  P-  6o;  §  40,  §  41.  p.  141;  §  60,  §  62,  p.  142; 
§  63,  §  64,  §  65,  §  66,  §  74,  p.  143;  §  18.  §  19,  p.  209;  §  37,  §  39,  §  40,  p.  210;  §  41,  §  42.  §  52,  p.  211; 
f  74,  p.  212,  p.  219,  p.  223;  Tables  106  to  119  inclusive. 

Stmt  or  Tic — Design  the  end  connection  for  a  4"  x  4"  x  j4"  angle,  carrying  a  stress  (either 
tensile  or  compressive)  of  40,000  lb.,  the  angle  being  fastened  by  both  legs  to  a  5^8  u^  plate  as  shown 
in  Fig.  2,  using  ^  in.  rivets. 

Solution. — ^The  allowable  stress  on  one  %  in.  rivet  in  single  shear  is  5,300  lb.  and  in  bearing 

on  a  ^  in.  plate  is  6,750  lb.,  using  12,000  lb.  per  sq.  in.  and  24,000  lb.  per  sq.  in.  as  the  allowable 

stresses  in  shear  and  bearing,  respectively.    Table  114.    The  shear  evidently  controls,  and  the 

number  of  rivets  is 

40,000         ,       o    .     ^ 

n  — =  7.6  or  8  n>'ets. 

5.300 

Four  of  these  will  be  placed  in  the  main  angle  and  four  in  the  lug  angle.  In  order  to  transfer 
the  proper  portion  of  the  stress  to  the  lug  angle,  the  number  of  rivets  between  the  main  angle 
and  lug  angle  must  be  equal  to  the  number  of  rivets  in  the  lug  angle,  or  four  in  this  case. 

If  the  angle  is  connected  by  one  leg  only  the  eight  rivets  will  be  put  in  one  leg  as  shown  in 
Fig.  3- 

Ptn-coniiected  Top  Chord. — Design  the  end  connection  for  the  top  chord  of  a  pin-connected 
bridge  as  shown  in  Fig.  14.    Length  center  to  center  of  pins  =  25'  o".     Rivets  J4  in. 

SoltUion, — ^The  connections  should  be  designed  to  carry  the  full  strength  of  the  member  and 

not  the  stress  that  it  carries.    The  allowable  unit  stress  is/c  "=  16,000  —  70  Ijr  »  16,000  —  70  X 

2S  X  12 
p  ,^      =  13420  lb.  per  sq.  in.     Total  stress  =  13420  X  51.84  =  695,700  lb. 
0.12 

The  entire  stress  of  695,000  lb.  must  be  transferred  from  the  member  to  the  pin  through  the 
pin  plates  and  web  plates.  In  the  body  of  the  member  the  stress  is  distributed  among  the  dif- 
ferent parts  in  proportion  to  the  gross  area,  or  as  follows: 


a 

o;o  o  o  o  o 
o|  o  o  o  00 
o;o  0000 
oro"o 'o'd"  o"6"o'orQ 


^^^^^^^^^^^  00  000]    ICov^PI.  ^4xj^ 

0^0       o       o       o      o  ol  ?  Wk  P/«  PHv-l 


I  zm.Pfs.eoxi 

!    ZTopls.dxdxh' 


0  jM  £» 


o  o  o  o  ol    ZBot.t^.6x4xj 


-f^i 


rH'  C'£ 


i 


-^^-*^ '    iLJi  till 


Area  oFSecthmSL  84/n' 
leastFacbus 

qT  Gyration  -SJiin. 


Fig.  14.    End  Connection  of  Top  Chord. 


Item. 


1  Cover  Plate 

2  Top  Angles 
2  Web  Plates 

2  Bottom  Angles 


Ma»j>rfci1, 


24  in.  X  A  in. 

4^X4"X^" 

20  in.  X  i  m. 

6"  X  4"  X  \" 


Area  X  Unit  Stress  »  Total  Stress. 


13.50  X  13420  =  181,000  lb. 
6.62  ^     =    88,900  " 

20.00  "       =  268,500  " 

11.72  "       «  157,300  '' 

51.84  X  13,420  -  695,700  lb. 


Stress  on  One  Side. 


90,500  lb. 

44^50;; 

134,250  ^^ 

78,650  *' 


347,850  lb 
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The  total  bearing  area  required  on  one  side  of  the  member  is, 

^=  347,850  _ 

24,000        1 1^  "^ 
The  total  thickness  of  bearing  required  on  one  side,  using  a  6}^  in.  pin,  is, 

14-49 

This  thickness  will  be  provided  by  the  plates  A,  B,  C,  D  and  E  as  shown  in  Fig.  14.  The 
plate  B  in  the  web  and  has  a  thickness  of  yi  in.  Plate  C  must  act  as  a  fill  plate  so  must  be  of  the 
same  thickness  as  the  bottom  angles  or  ^  in.  The  outside  plate  E  and  the  inside  plate  A  should 
be  thinner  than  D  so  they  will  be  made  ^  in.,  and  D  will  be  made  H  in-  The  actual  thickness  of 
bearing  is  then  2.375  in.,  and  the  required  thickness  is  2.32  in.  In  arranging  the  plates  a  clear- 
ance of  ]/%  in.  should  be  allowed  between  the  plates  which  pass  around  the  pin,  and  the  nearest 
plate  as  shown  in  Fig.  14.  It  is  necessary  to  put  a  3/16  in.  fill  plate,  F,  opposite  the  top  angle 
to  make  up  for  the  difference  in  thickness  in  the  ^  in.  bottom  angle  and  the  7/16  in.  top  angle. 

The  stress  transmitted  to  a  plate  by  the  pin  is  equal  to  the  ratio  of  its  thickness  to  the  total 
thickness,  multiplied  by  the  total  stress.    The  stresses  in  the  various  plates  are  as  follows. 

Stress  in  i4  =  ^^  X  347.850  =  54.9^0  lb. 

B  =  ^^^  X  347.850  -  73.240  lb. 

C  =  ^  X  347.850  =  91.530  lb, 

J>  =  ^^^  X  347.850  -  73.240  lb. 

E  =  ^  X  347.850  =    54.920  lb. 

Total  «  347.850  lb. 

An  exact  solution  for  the  number  and  location  of  rivets  is  not  practicable.  A  common  solu^ 
tion  is  to  consider  that  all  the  pin  plates  transmit  their  stress  to  the  web  and  that  the  web,  in  turn, 
distributes  this  stress  over  the  section.     This  solution  overstresses  the  web  in  the  vicinity  of  the  pin. 

A  better  solution  is  to  consider  that  the  stress  in  the  cover  plate  and  top  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  top  angles  from  the  web  plates  and  pin  plates 
through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  in  the  bottom  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  bottom  angles  from  the  web  plates  and  pin 
plates  through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  on  the  rivets  between  the 
web  plate  and  plate  C  is  equal  to  the  sum  of  the  stresses  in  C,  D  and  £,  minus  one-half  the  sum  of 
the  stresses  in  the  cover  plate,  top  angles  and  bottom  angles  on  one  side. 

The  number  of  rivets  in  the  plate  A  is  determined  by  the  stress  in  A  only,  and  is^controlled 
by  single  shear  and  is, 

7,220 

The  number  of  rivets  in  the  plate  E  is  determined  by  the  stress  in  E  only,  and  is  controlled 
by  single  shear  and  is, 

„  =  54^  =  8  rivets. 

7,220 

The  number  of  rivets  between  D  and  the  top  angle  and  between  B  and  the  top  angle  is  de- 
termined by  bearing  on  the  7/16  in.  angle  and  is, 

^^  90.500  + 44.450  „^^^^ 
9,190 
The  number  of  rivets  between  D  and  the  bottom  angle  and  between  B  and  the  bottom  angle  is. 
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78,650 
9,190  ■ 


•  9  nvets. 


The  number  of  rivets  between  C  and  web,  J9,  is  determined  by  ^ngle  shear,  and  is 

^  _  73.240  4-  54,920  +  9' ,530  -  K90,50o  4-  44450  +  78,650)  _ 

n  =s te  10  nvets. 

7,220 

End  Connections  for  I-Beams. — ^The  end  connections  for  Carnegie  I-Beams  are  given  in 
Tables  117  and  118,  and  for  Bethlehem  I  and  Girder  Beams  in  Tables  156  and  157,  respectively. 
The  end  connections  for  short  beams,  and  for  beams  carrying  heavy  loads  should  be  carefully 
investigated  for  direct  and  bending  stresses.  Rivets  should  never  be  used  in  direct  tension. 
Connections  where  rivets  would  be  in  direct  tension  should  be  provided  with  turned  bolts. 

Eccentric  Riveted  Connections. — ^The  actual  shearing  stresses  in  riveted  connections  are 
often  very  much  in  excess  of  the  direct  shearing  stresses.  This  will  be  illustrated  by  the  calcula- 
tion of  the  shearing  stresses  in  the  rivets  in  the  standard  connection  shown  in  Fig.  15,  which  is 
assumed  as  loosely  bolted  to  a  column. 

The  eccentric  force,  P,  may  be  replaced  by  a  direct  force,  P,  acting  through  the  center  of 
gravity  of  the  rivets  and  parallel  to  its  original  direction,  and  a  couple  with  a  moment  Jlf  =  P  X  3 
in.  a  60,000  in. -lb.  Each  rivet  in  the  connection  will  then  take  a  direct  shear  «qual  to  P  divided 
by  «,  where  n  is  the  total  number  of  rivets  in  the  connection,  and  a  shear  due  to  bending  moment  M, 

The  shear  in  any  rivet  due  to  moment  will  vary  as  the  distance,  and  the  resisting  moment 
exerted  by  each  rivet  will  vary  as  the  square  of  the  distance  of  the  rivet  from  the  center  of  gravity 
of  all  the  rivets. 

Now,  if  a  is  taken  as  the  resultant  shear  due  to  bending  moment  in  a  rivet  at  a  unit's  distance 
from  the  center  of  gravity,  we  will  have  the  relation, 


and 


M 


The  remainder  of  the  calculations  are  shown  in  Table  I.  The  resultant  shears  on  the  rivets 
are  given  in  the  last  column  of  the  table  and  are  much  larger  than  would  be  expected. 

The  force  and  equilibrium  polygons  for  the  resultant  shears  and  load  P,  drawn  in  Fig.  15, 
close,  which  shows  that  the  connection  is  in  equilibrium. 

TABLE  I. 


Direct  Shear,  S  =  20,000  -^  5  =  4,000  lb: 

Moment  =  20,000  X  3  =»  60,000  in.-lb.  =  aW  +  d^ -{•  d^ -{•  d^ -{•  d^*) 

Where  a  =  Moment  shear  on  rivet  3,  =  2,630  lb. 

Rivet. 

In. 

In.« 

Moment, 
In.-Lb. 

Lb. 

s. 

Lb. 

Lb. 

2.70 
1.90 
1.00 
1.90 

2.70 

7.29 
3.61 
1.00 
3.61 
7.29 

19,185 
9,500 
2,630 
9,500 

19,185 

7,100 
5,000 
2,630 
5,000 
7,100 

4,000 
4,000 
4,000 
4,000 
4,000 

9,300 
3,200 
6,630 
3,200 
9,300 

dSd*  s  22.80  a  -  60,000  in.-lb. 

20,000 

a  =  2,630  lb.  =3  moment  shear  on  rivet  3. 
M  =  shear  due  to  Moment. 
5  -  Shear  due  to  Direct  Load,  P. 
R  a  Resultant  Shear. 
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Note. — In  the  analysis  above  it  was  assumed  that  the  beam  connections  were  bolted  and 
that  the  bolts  would  not  transmit  tension  in  the  direction  of  their  leng:th.  If  the  connection  is 
bolted  or  riveted  rigidly  so  that  the  bolts  or  rivets  may  transmit  tension  (rivets  should  never 
transmit  tension)  in  the  direction  of  their  leng^th,  the  resisting  moment  thus  developed  will  de- 
crease the  shearing  stresses  on  the  rivets  in  the  connection  due  to  bending  moment. 


Force  Polygon 


Stondord  Connection 
Fig.  15.    Stresses  in  an  Eccentric  Riveted  Connection. 

Web  Splice. — The  plate  girder  shown  in  Fig.  16  is  to  be  spliced  at  a  section  where  the  bending 
moment  is  1,667,000  in.-lb.  and  the  shear  is  165,000  lb. 

Solution. — The  method  which  assumes  that  one-eighth  the  area  of  the  web  is  available  as 
flange  area  will  be  used.    The  formula  for  stress  in  the  outermost  rivet  is 


'-vi^y+iS')' 


(14) 


V    B  total  shear  at  the  section. 
AT  —  moment  carried  by  web. 
2n   *  number  of  rivets  on  one  side  of  the  splice. 

2Z(^—  the  sum  of  the  squares  of  the  distances  of  the  rivets,  on  one  side  of  the  splice,  from  the 
neutral  axis. 
The  joint  must  first  be  designed  and  then  investigated.     The  number  of  rivets  required  is 
several  rivets  in  excess  of  the  number  required  to  carry  the  direct  shear.    The  number  of  J^  in. 
rivets  required  for  shear  alone  is  determined  by  bearing  on  the  H  in*  web  plate,  and  is 


f 


165^000 
10,500 


-  15.6,  (Table  114). 


A  joint  with  17  rivets  spaced  as  shown  in  Fig.  16  will  be  assumed.    An  odd  number  of  rivets 
simplifies  the  calculation. 

V  =  165,000  lb. 
W  -  1,667,000.x  3-00  +  ".50  -  400,000  in.-lb. 

291  »  17. 

<1«  »  16  in. 
2X(f«  -  2(2«  +  4"  +  6^  +  8*  +  lo'  +  I2«  +  14"  +  16^  -  1632  in.« 
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Then  the  maxim iifn  stress  on  the  outside  rivet  will  be, 

//165000V  ,  /  400,000  X  16 \"         I    ^^  .  , r  ,. 

VV""!^"')  +V       1,632 )    "-^9.660^  +  3.920^  "10,430 Mb. 

The  allowable  value  of  r  f or  a  ^  in.  rivet  is  14,400  lb.  in  double  shear  and  10,500  lb.  in 
bearing  on  H  in*  web  plate  (Table  114), so  the  joint  is  satisfactory. 

, ZLHxSxf 


00      o     o     o     o    ;o 

o     o     o     o     Q     0.0 


Net  area  of  flange  angles 
One-eighth  of  area  of  web  plate 

Total  flange  area 


9.50  in.* 
300  " 

12.50  " 


Mrivehl} 


o°^b 
00--  ■ 

O      I      o 
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Fig.  16.    Details  of  a  Web  Splice. 


Riveted  Joints  in  Cylinder,  Pipe  or  Tank. — ^A  cylinder  46  in.  in  diameter  is  to  be  designed  to 
carry  an  internal  pressure  of  100  lb.  per  sq.  in.  Compute  the  required  thickness  of  plate  and 
design  a  longitudinal  double  riveted  lap  joint  of  equal  efiiciency  for  all  parts.  Reduce  to  com- 
mercial dimensions  and  investigate. 

Solution. — ^The  unit  stresses  allowed  by  specifications  for  tanks  are/<  =  12,000  lb.  per  sq.  in., 
/•  a  12,000  lb.  per  sq.  in.,/e  =  24,000  lb.  per  sq.  in.,  for  shop  joints. 

From  "Structural  Mechanics,"  Chapter  XVI. 
2/e  2  X  24,000 


12,000  +  2  X  24,000 
100  X  46 


W'D  ^ 

2fre  ~  2  X  12,000  X  0.80 
■  4/e     f_      4  X  24,000 


0.80 


0.24  m. 
X  .24  =  0.61  in. 


,.[.+^->-[.+ 


3.1416  X  12,000 

ii^^^^lx  0.61 -3.05  in. 
13,000     J  "   *' 


(i6a) 
(166) 
(i6c) 

(i6d) 


This  joint  would  have  the  efficiencies  for  tension,  compression  and  shear  all  equal,  but  the 
sizes  could  not  be  obtained  from  stock  so  that  the  joint  must  be  altered  to  suit  commercial  sizes. 
Make  t  "  \i  in.,  d  "  %  in.,  ^  —  3  in.,  and  investigate  the  joint. 


Hi^:^  _  100x46x3  „  6      ,b. 

2  2  ^^^ 

-  P  6,000  ,        „ 

/«  "  77 tt:  = -^ -  11,600  lb.  per  sq.  m. 

^        (p-d)t      2.375  X  0.25  *^   ^ 

P  6,900 


^'  '  2/^  ' 


2  X  0.25  X  0.625 
6,900 
'  0.614 


-  22,100  lb.  per  sq.  in. 


11,200  lb.  per  sq.  in. 


(I4i) 
(14a) 
(14ft) 
(I4£r) 
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Other  considerations  such  as  water-tightness  enter  into  the  des^n  of  joints;  see  Table  1 13. 
Table  I  la,  page  370  gives  the  properties  of  water  tight  joints.  By  efficiency  is  meant  the  ratio 
of  the  strength  of  the  joint  to  the  strength  of  a  plate  of  equal  thickness.  Under  effective  section 
of  plates  in  Table  I  la,  page  370,  is  given  the  thickness  of  an  unriveted  plate  which  would  have 
the  same  strength  as  the  joint. 

The  most  efficient  joint  for  a  given  thickness  of  plate  is  found  as  follows:  For  single  riveted 
lap  joint  in  a  }^  in.  plate, 

#.[.+i]i.[,+ag]..,.«<.i.,ui,..  (.5fl 

e  =»  ^         =  0.67. 

Use  ^  in.  rivets  with  2  in.  pitch. 

Fonnulas  for  Riveted  Joints. — ^The  general  formulas  for  the  investigation  of  lap  joints  with 
any  number  of  rows  of  rivets  are  (For  Nomenclature,  sec  Chapter  XVI.), 

P  P  P 

^'^  {p-d)r   f'TTd''    •^•"tli^  ^28) 

For  design  of  a  joint  of  maximum  efficiency, 

where  k  «  number  of  rows  of  rivets. 

For  a  butt  joint  with  a  single  strap  plate  and  a  single  row  of  rivets  the  joint  becomes  two 
single  riveted  lap  joints  and  the  formulas  for  riveted  lap  joints  may  be  used  (Structural  Mechanics 
13  and  15).    For  a  butt  joint  with  double  strap  plates  and  a  single  row  of  rivets  on  each  side, 

P  P  P 

For  a  butt  joint  with  double  strap  plates  and  double  riveting  on  each  side, 

P  P  P 

When  a  single  strap  plate  is  used  it  should  never  be  thinner  than  the  main  plate,  and  when  double 
strap  plates  are  used  they  should  never  be  thinner  than  H  the  thickness  of  the  main  plate. 

For  data  on  riveted  joints  for  tanks  and  stand-pipes,  see  Table  I  la,  page  370. 

DESIGN  OF  LACING  BARS  FOR  COLUMNa— It  is  difficult  to  calculate  the  bending 
stresses  in  a  built-up  column,  and  since  the  shearing  stresses  depend  on  the  bending  stresses  the 
design  of  lacing  bars  must  be  largely  a  matter  of  judgment  until  sufficient  tests  are  made  to 
establish  empirical  formulas.  The  following  method  gives  results  that  agree  with  tests  and  with 
good  practice. 

For  a  column  with  a  concentric  loading,  experiments  show  that  the  allowable  unit  stress  may 
be  represented  by  the  straight  line  formula,  p  =  16.000  —  70 //r  lb.  per  sq.  in.,  where  p  -  allow- 
able unit  stress  in  the  member;  /  =  length  of  the  member,  c.  to  c.  of  end  connections,  and  r  -• 
radius  of  gyration  of  the  column,  both  in  inches.  Now  the  allowable  unit  stress  on  a  short  block 
b  16,000  lb.  per  sq.  in.,  and  the  70 //r  represents  the  increase  in  the  fiber  stress  in  the  column. 

Now  if  we  assume  that  this  fiber  stress  is  caused  by  a  uniform  horizontal  load,  W,  then  -  g-  « 
-— -- ,  where  /  ■•  moment  of  inertia  of  the  cross-section  of  the  column  —  i4  •!*,  where  A  ■•  the 

T'C 
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area  of  the  cross-secdoa  of  the  cxiliimii,  and  c  «  the  distance  from  the  neutral  axis  of  column 

1E^«I       7A il  .ft,  I 

to  the  extreme  fiber  in  the  plane  parallel  to  the  plane  of  the  ladng  bars.     Then  -5—  « , 

o  r-c 

and  W  s  560—^      Now  the  shear  in  the  column  will  be  5  «  Wj2^  and  the  shear  is  5  « 

280  — ^ ,  and  the  stress  in  a  ladi^  bar  will  be  «  280  —  Xcsc  9,  where  9  «  the  angle  made  by 

the  bar  with  the  azisof  the  column.  In  a  .laced  channel  column  the  shearing  stress  above  will  be 
taken  by  two  lacing  bars.  This  shows  that  the  stresses  in  the  lacing  bars  in  the  column  with  a 
concentric  loading  d^iend  upon  the  make-up  of  the  column,  and  are  independent  of  the  length 
of  the  column. 

Mr.  C.  C.  Schneider  by  a  somewhat  different  method  has  deduced  the  same  formula  on  page 
195  of  the  Report  of  the  Koy^  Commission  on  Collapse  of  Qudxc  Bridge,  1908. 

If  the  column  carries  a  direct  shear  in  addition  to  the  shear  due  to  the  concentrio  load,  or  if 
the  column  has  an  eccentric  load  the  additional  shearing  stresses  must  be  considered  in  des^ing 
the  lacing.  The  total  stress  in  the  lacing  bar  will  be  the  total  shear  at  the  section  multiplied  by 
the  coaec  of  the  ans^  made  by  the  lacing  bar  with  the  axis  of  the  column. 
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PART  11. 
Structural  Tables. 


iDtrodacdoiL — ^The  tables  in  Part  II  include  the  properties  of  simple  rolled  sections;  the 
properties  of  compound  sections;  the  properties  of  built-up  sections  for  columns,  struts  and 
chords;  safe  loads  for  angles,  beams  and  channels,  and  of  angle  struts;  properties  of  rivets  and 
riveted  jcnnts,  and  miscellaneous  data  for  structural  design.  It  has  been  the  aim  to  give  tables 
and  data  that  will  be  of  use  to  the  designing  engineer  and  to  the  student  in  the  designing  room 
rather  than  to  give  safe  loads,  stresses  and  other  predigested  data  that  may  be  used  by  the  novice. 
To  this  end  properties  of  sections  are  given  while^safe  loads  for  columns  and  chords  have  been 
omitted.  Tables  of  trigonometric  functions  and  logarithms  and  other  tables  that  are  readily 
available  have  not  been  included.  The  tables  are  arranged  so  that  each  page  is  self-contained 
and  self-explanatory.  In  the  tables  the  properties  of  rolled  sections  are  grouped  together  for  ease 
in  reference,  and  are  followed  by  properties  of  built-up  sections.  The  tables  in  Part  II  are  num- 
bered in  Arabic  numerals. 

Origiiud  Tables.— Tables  3.  4.  5,  13.  19.  20,  21,  22,  32.  33,  34,  35.  36.  37.  38,  39,  40,  56,  57, 
58.  59.  60,  61,  62,  63,  64,  65.  66,  67,  68,  69,  70,  71,  72,  73,  74,  78,  79,  80,  81,  82,  83.  84,  85,  86, 
87,  134,  135  and  136,  covering  136  pages,  were  calculated  especially  for  this  book.  The  tables 
have  been  calculated  and  checked  with  great  care  and  are  believed  to  be  accurate.  These  tables 
are  fully  protected  by  copyright  and  are  not  to  be  copied  without  permission  from  the  auth(»'. 

The  properties  of  compound  sections  consisting  of  two  or  four  angles  or  of  two  channels, 
placed  in  diSereat  relative  positions,  may  be  used  in  designing  struts,  columns  or  chords  where 
the  sections  are  held  together  by  means  of  lacing  and  tie  plates;  or  the  properties  of  built-up 
sections  may  be  obtained  by  combining  the  moments  of  inertia  of  the  compound  sections  and  the 
moments  of  inertia  of  one  or  two  plates  in  the  proper  relative  positions.  The  built-up  sections 
are  all  des^^ned  to  comply  with  standard  specifications  and  with  the  standards  of  the  American 
Bridge  Co.  for  rivet  spacing  and  structural  details.  To  illustrate  the  use  of  the  tables  of  compound 
sections  in  building  up  struts,  columns  and  chords,  a  one  page  table  is  given  for  each  built-up 
section  in  common  use,  in  which  the  properties  for  the  usual  proportions  are  given  and  the  methods 
for  calculating  additional  values  by  using  the  key  tables  of  compound  sections  are  given.  The 
method  of  calculating  the  properties  of  built-up  sections  by  using  the  moments  of  inertia  of  com- 
pound sections  is  shown  in  Table  I. 

STANDARD  TABLES.— -The  other  tables  in  Part  II  have  been  taken  from  Carnegie  Steel 
Company*s  ** Pocket  Companion,"  Cambria  "Steel,"  American  Bridge  Company's  "Book  of 
Standards,**  and  other  sources  to  which  credit  has  been  given.  Many  of  the  copied  tables  have  been 
rearranged  and  extended.  The  properties  of  I-Beams  in  Table  7,  properties  of  channels  in  Table 
14,  and  properties  of  angles  in  Table  23  and  Table  24  were  taken  from  American  Bridge  Com- 
pany's "  Book  of  Standards,"  but  have  been  checked  with  the  recent  edition  of  Camtgie's  "  Pocket 
Companion." 


Structural  Tables. 
Table  I. 


i^n-hin 


M 


M 


B 


Required  A 
Required  Ij^ 
Required       I^ 


A J  _A_ 

AofJLs  T9bk53. 
I^oF4b-IJabkn. 
rsoF4i?"IyJdbk36. 


AoFPI.  Tablet. 
I^oF  PL-lJabki. 
I^oF  PI.-I^Jable4. 


\B 

AoF2PI.  Tablel. 
I^(fFiPI.-IJabfe5. 
If,oFZF1.-IJabk3. 


^  'Moment oFlnertk,  Axis  A'A. 
I^MomentoFlnertidfAxisBS. 
5  =Radiu3oF6/ration,Axi5A'A. 
fs  'Radius  oFOyration,  AxisB-B. 


J^'tloment oF/nerfm, Ax/is X'X .     A  ''Area. 
ly^FlomentoFlnerUa,  Axis  Y¥  • 
1/  'flomentoF Inertia,  Axis  H . 
I^'tlomentoF Inertia,  Axis  ZZ. 


C,-yTotalIjrJbt^. 
rs-yiFotall^TolalA. 


TOP  CHORD  SECTIONS.— The  top  chord  sections  given  in  Tables  82  to  86  were  calculated 
to  comply  with  the  standard  specifications  which  follow,  unless  otherwise  noted  in  the  tables. 

Specifications — ^All  top  chord  sections  shall  comply  with  the  following  requirements. 

Thickness  of  Metal, — ^The  minimum  thickness  of  metal  shall  be  %  in.  for  highway  bridges 
and  %  in«  for  railway  bridges. 

Cover  Plates, — ^The  cover  plate  shall  have  a  thickness  not  less  than  one-fortieth  (A)  the  dis- 
tance between  gage  lines  of  rivets  in  the  flange  angles  on  each  side  of  the  section.  The  cover 
plate  shall  always  have  the  minimum  thickness  that  will  comply  with  the  above  requirements. 

Web  Plates. — ^The  web  plates  shall  have  a  thickness  not  less  than  one-thirtieth  (iV)  the 
distance  between  gage  lines  of  rivets  in  the  flange  angles  in  the  line  of  stress.  As  much  of  the 
metal  as  practicable  shall  be  concentrated  in  the  web  plates  and  flange  angles. 

Proportions  of  Chord  Section, — ^There  shall  be  a  top  cover  plate  which  shall  have  a  minimum 
thickness  permitted  by  the  specifications.  As  much  of  the  metal  as  possible  shall  be  concentrated 
in  the  web  plates  and  flange  angles.  The  top  and  bottom  angles  shall  be  so  selected  as  to  bring 
the  neutral  axis  of  the  section  as  near  the  center  of  the  web  plates  as  practicable.  The  moments 
of  inertia  of  the  section  about  the  two  rectangular  axes  shall  be  approximately  equaL 
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1.125 

1.313 

1.500 

1.688 

1.875 

2.063^2.250 

2438 

2.63 

2.81 

3.00 

$i 

.203 

406 

.609 

.813 

1. 016 

1.219 

1.422 

1.625 

1.828 

2.031 

2.234'2.^38 
2.406  2.625 

2.641 

2.84 

3.05 

3.25 

3 

.219 

.438 

.656 

.875 

1.094 

1.313 

1.531 

1.750 

1.969 

2.188 

2.844 

3.06 

3.28 

3.50 

.234 

.469 

.703 

.938 

1.172 

1.406 

1. 64 1 

1.875 

2.109 

2.344 

2.5782.813 

3.047 

3.28 

3.52 

3.75 

.250 

.500 

.750 

1.000 

1.250 

1.500 

1.750 

2.000 

2.250 

2.500 

2.7503.000 

3.250 

3.50 

3.75 

4.00 

.266 

.531 

.797 

1.063 

1.328 

1-594 

1.859 

2.125 

2.391 

2.656 

2.922*3. 1 88 

i-^ 

3.72 

3.98 

4.25 

.281 

.563 

.844 

1. 125 

1406 

1.688 

1.969 

2.250 

2.531 

2.813 

3-094'3.375 
3.266.3.563 

lU 

4.22 

4.50 

.297 

.594 

.891 

1.188 

1.484 

1. 78 1 

2.078 

2-375 

2.672 

2.969 

3.859 

t& 

4.75 

.313 

.625 

.938 

1.250 

1.563 

1.875 

2.188 

2.500 

2.813 

3.125 

3438 

3.750 

4.063 

4.38 

5.00 

5} 

.328 

.656 

.984 

1.313 

1.641 

1.969 

2.297 

2.625 

2.953 

3.281 

3.609 

3.938 

4.266 

4.59 

4.92 

5.25 

si 

.344 

.688 

1.03 1 

1.37s 

1.719 

2.063 

2.406 

2.750 

3.094 

3.438 

3.781 

4.125 

4.469 

4.81 

5.16 

5.50 

.359 

.719 

1.078 

1.438 

1.797 

2.156 

2.516 

2.875 

3.234 

3-594 

3.953 

4.313 

4.672 

5.03 

5.39 

5.75 

6 

.375 

.750 

1.125 

1.500 

1.875 

2.250 

2.625 

3.000 

3.375 

3.750 

4.125 

4.500 

4.87s 

5.25 

5.63 

6.00 

6} 

391 

.781 

1.172 

1.563 

1.953 

2.344 

2.734 

3.125 

3.516 

3.906 

4.297 

4.688 

5.078 

547 

5.86 

6.25 

6| 

.406 

.813 

1.219 

1.625 

2.031 

2.438 

2.844 

3.250 

3.656 

4.063 

4.4694.875 

5.281 

5.69 

6.09 

6.50 

6} 

.422 

.844 

1.266 

1.688 

2.109 

2.531 

2.953 

3.37s 

3.797 

4.219 

4.6415.063 

1:^1 

591 

6.33 

6.75 

7 

438 

.875 

1.313 

1.750 

2.188 

2.625 

3.063 

3.500 

3.938 

4.37s 

4.813  5.250 

6.13 

6.56 

7.00 

7i 

453 

.906 

1-359 

1.813 

2.266 

2.719 

3.172 

3.625 

4.078 

4.531 

4.984  5.438 
5.1565.625 

5.891 

6.34 

6.80 

7.25 

7 

469 

.938 

1406 

1.875 

2.344 

2.813 

3.281 

3-750 

4.219 

4.688 

6.094 

6.56 

7.03 

7.50 

71 

484 

.969 

1.453 

1.938 

2422 

2.906 

3.391 

3.87s 

4.359 

4.844 

5.328  5.813 

6.297 

6.78 

7.27 

7.75 

8 

.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

5.5006.000 

6.500 

7.00 

7.50 

8.00 

Si 

.516 

1.03 1 

1.547 

2.063 

2.578 

3.094 

3.609 

4.125 

4.641 

5.156 

5.6726.188 

!z?i 

7.22 

7.73 

8.25 

8 

.531 

1.063 

1.594 

2.125 

2.656 

3.188 

3.719 

4.250 

4.781 

5.313 

5.844,6.375 

6.906 

7.44 

7.97 

8.50 

•    sf 

:1S 

1.094 

1. 64 1 

2.188 

2.734 

3.281 

3.828 

4.375 

4.922 

S.469 
5.625 

6.016,6.563 

7.109 

7.66 

8.20 

8.75 

9 

1.125 

1.688 

2.250 

2.813 

3.375 

3.938 

4.500 

5.063 

6.1886.750 

7.313 

7.88 

8.44 

9.00 

9t 

.578 

1.156 

1.734 

2.313 

2.891 

3.469 

4.047 

4.625 

5.203 

5.781 

6.3596.938 

7.516 

8.09 

8.67 

9.25 

9 

594 

1.188 

1.781 

2.37s 

2.969 

3.563 

4.156 

4.750 

5.344 

5.938 

6.531  7.125 

7.719 

8.31 

8.91 

9.50 

9 

.609 

I.2I9 

1.828 

2.438 

3.047 

3.656 

4.266 

4.87s 

5484 

6.094 

6.7037.313 

7.922 

8.53 

9-"i 

9.75 

10 

.625 

1.250 

1.875 

2.500 

3.125 

3.750 

4.375 

5.000 

5.625 

6.250 

6.8757.500 

8.125 

8.75 

9.38 

10.00 

10} 

.641 

1.28 1 

1.922 

2.563 

3.203 

3.844 

4-484 

5.125 

5.766 

6.406 

7.047I7.688 

8.328 

8.97 

9.61 

10.25 

10 

.656 

1.313 

1.969 

2.625 

3.281 

3.938 

4.594 

5.250 

5.906 

6.563 

7.219  7.875 

8.531 

9.19 

9.84 

10.50 

lO 

.672 

1.344 

2.016 

2.688 

3.359 

4-031 

4-703 

5.375 

6.047 

6.719 

7.391  8.063 

8.734 

9.63 

10.08 

10.75 

II 

.688 

1.37s 

2.063 

2.750 

3438 

4.125 

4.813 

5.500 

6.188 

6.875 

7.5638.250 

8.938 

10.31 

11.00 

II 

.703 

1406 

2.109 

2.813 

3.516 

4.219 

4.922 

5.625 

6.J28 

7.031 

7.900  0.025 

9.141 

9.84 

10.55 

11.25 

II 

.719 

1.438 

2.156 

2.875 

3.594 

4.313 

5.031 

5.750 

t& 

7.188 

9.344 

10.06 

10.78 

11.50 

II 

.734 

1469 

2.203 

2.938 

3.672 

4406 

5.141 

5.875 

7.344 

8.078  8.813 

9.547 

10.28 

11.02 

11.75 

12 

.750 

1.500 

2.250 

3.000 

3.750 

4.500 

5.250 

6.000 

6.750 

7.500 

8.250  9.000 

9.750 

10.50 

11.25 

12.00 

40 


TABLE  1.— Continued, 
Areas  of  Bars  and  Plates. 


Square  Inches. 


Width. 
Inches. 


ThkkneiB,  Inches. 


i 


i 


H   i   U   i 


tt 


I2i 

14 
I4I 

16 

i6| 
17 
17I 
18 

18| 

19* 

20 

201 

21 

2li 
22 

22I 
23I 

H 


27 
28 

29 
30 
31 
3» 

33 

34 

!l 

37 
38 
39 
40 

41 
4* 
43 
44 

:i 

47 
4« 


1.563 
1.625 
1.688 
1.750 

1.813 
1.875 
1.938 
2.000 

2.063 
2.125 
2.188 
2.250 

2.313 

2-375 
2438 
2.500 

2.563 
2.625 
2.688 
2.7504.125 


.781 
.813 
.844 
.875 

.906 

.938 

.969 

1.000 

1.03 1 
1.063 
1.094 
1.125 

1.156 
1. 188 
1.219 
1.250 

1. 281 
1.3 13 
1.344 
1-375 

1.406: 

1438 

1.469 

1.500  3.000  4.500 


2.344 
2.438 
2.531 
2.625 

2.719 
2.813 
2.906 
3.000 

3.094 
3.188 
3.281 
3-375 

3.469 
3.563 
3.656 
3.750 

3.844 
3.938 
4.031 


2.813 
2.875 
2.938 


4.219 

4.313 
4406 


1.563 
1.625 
1.688 
1.750 

1.813 
1.875 
1.938 


4.688 


3.125 

3.2504.875 
3.375 
3 


.5005, 


5.063 
250 


3.625 
3.750 
3.875 


5438 
5.625 
5.813 


2.000  4*000  6.000 


2.063 
2.125 
2.188 
2.2 


4.125 
4.250 
4-375 


50  4.500  6. 


6.188 

6.375 
6.563 
750 


2.313 

».375 
2-438 
2. 


500  5 

2.563 
2.625 
2.688 
2,750 

2.813 

2.875 
2,938 

3 


4.625 
4-7^5 

4.875 
.000 


6.938 
7.125 
7.313 
7.500 


3.13 
3.25 
3.38 
3.50 

3.63 

3-75 
3.88 
4-00 

4.13 
4.25 
4.38 
4.50 

4.63 

4.75 
4.88 
5.00 

5.13 
5.25 
5.38 
5.50 

5.63 
5-75 

6.00 

6.25 
6.50 
6.75 
7.00 

7.25 
7.50 

7.75 
8.00 

8.25 
8.50 
8.75 
9.00 

9-25 
9.50 

9-75 
10.00 


391 
4.06 
4.22 
4.38 

4.69 
4.84 
5-00 

5.16 
5.31 

5.63 

5.78 

6.09 
6.25 

641 


4.69 

4.88 
5.06 
5.25 

5.63 
S.81 
6.00 

6.19 
6.38 
6.56 
6.75 

6.94 

7.13 
7.31 

7-50 
7.69 


6.56  7.88 


6.72 
6.88 

7.03 
7.19 
7.34 
7.50 

7.81 
8.13 
8-44 
8.75 


8.06 
8.25 

844 
8.63 
8.81 
9.00 

9.38 

9.75 
10.13 
10. 


50  12. 


.o6ia88 


9 

9.38 
9.69 
10.00 

ia3i 
10.63 
10.94 
11.25 

11.56 
11.88 
12.19 
12. 


11.25 
11.63 
12.00 

12.38 
12.75 

13.13 
13.50 

13.88 
14.25 
14.63 


6.25 
6.50 
6.75 
7.00 

7.25 
7.50 

7.75 
8.00 

8.25 
8.50 

8.75 
9.00 

9.25 
9.50 

9.75 
10.00 

10.25 
10.50 
10.75 
11.00 

11.25 
11.50 
11.75 
12.00 

12.50 
13.00 
13.50 
14.00 

12.69  14-50 
13.13 

13 
14.00 


5.69 

6.13 

6.3- 
6.51 
6.78 
7.00 

7.22 

7.44 
7.66 
7.88 

8.09 
8.31 
8.53 
8.75 

8.97 
9.19 
9.41 
9.63 

9.84 
10.06 
10.28 
10.50 

10.94 
11.38 
11.81 

25 


7.03 
7.31 

7-59 
7.88 

8.16 

8.44 
8.72 
9.00 

9.28 
9.56 

9.84 
10.13 

10.41 
10.69 
10.97 
11.25 

"•53 
11.81 
12.09 
12.38 

12.66 
12.94 
13.22 
13.50 

14.06 
14.63 
15.19 
15.75 


7.81 
8.13 
8.44 
8.75 

9.06 

9.38 

9.69 

10.00 

10.31 
10.63 
10.94 
11.25 

11.56 
11.88 
12.19 
12 


50  13 


8.59 
8.94 
9.28 
9.63 

9.97 
10.31 
10.66 
11.00 

11.34 
11.69 
12.03 
12.38 

12.72 
13.06 
13.41 
75 


12.81 
13.13 
13.44 
13.75 

14.06 

14.38 
14.69 
15.00 


14.09 

14.44 
14.78 
15.13 

15.47 
15.81 
16.16 
16.50 


9.38 

9-75 
10.13 
ia50 

10.I 
11.25 
11.63 
12.00 

12.38 
12.75 
13.13 
13.50 

13.88 
14.25 
14.63 
15.00 

15.38 

15.75 
16.13 
16. 


10.16 
10.56 
10.97 
11.38 

11.78 
12.19 
12.59 
13.00 

13.41 
13.81 
14.22 
14.63 

15.03 

15.44 
15.84 
16.25 


10.94 
11.38 
11.81 
12.25 

12.69 
13.13 
13.56 
14.00 

14.44 
14.88 
15.31 
15-75 

16.19 
16.63 
17.06 
17.50 


11.72  12.50 
12.19113.00 
"  13.50 


12.66 
13.13 


14.00 


50 17. 


16.66 17.94 
17.06  18.38 
1747I18.81 
88  19.25 


16.88 
17.25 
17.63 
18.00 


15.63 
16.25 
16.88 


17.19 
17.88 
18.56 

ir.5o|  19.25 


18.75 
19.50 
20.25 


18.28 19.69 
18.69  20.13 
19.09  20.56 
19.50I21.00 

20.31I21.88 


13.59 14.50 
14.06'  15.00 

14-53:15.50 
15.00 16.00 

1547!  16.50 
15.94117.00 
1641I17.50 
16.88  J18.C0 

17.34 18.50 
17.81!  19.00 
18.28 19.50 
18.75  20.00 

19.22  20.50 
19.69  21.00 
20.16  21.50 

2a63  22.00 

21.09  22.5c 
21.56  23.00 
22.03  23.50 
22.50  24,00 


2344  25.00 

24.38  26.00 

.       . .,  .    .  25.31  27x0 

21.00  22.75  24.50  26.25  28.00 


19.50  2 1. 1 3 '22.75 
2i.94'23.63 


1.56  15 


15.00 

_50 

16.00 


23.56^2 


16.31  18.13  19-94  21.75  23.56I25.38  27.19  29.00 
16.88  18.75  20.63  22.5024.38126.25  28.13 '30.00 
19.38  21.31  23.25  25.19127.13  J29.06  31.00 
,00  20.00  22.00  24x0  26xx>:  28.00  30.00  32JOO 


1744 
18 


14.88 
15.31 
15.75 


16.50 
I7xx> 
17.50 
18.00 


18.56  20.63 

19.13 
19.69 
20.25 


21.25 
21.88 


22.69 
23.38 
24.06 


22.50  24.75 


50  15.00  17. 


16.19  18.50 
16.63 
17  JC36 
50 


19.00 
19.50 
20.00 


20.81 
21.38 
21.94 


23.13 

23.75 
24,38 


2544 
26.13 


26.81,28.88  30.94  33.00 

27.63i29.75  31.88  34.00 

2844,30.63  {32.81  35JOO 

27.00  29.25  3i.50j33.75|36.oo 

30.06.32.38134.69  37joo 
30.88  33.25  35.63  38x0 
31.69*34.13  36.56.39.00 


24-75 
25.50 
26.25 


27.75 
28.50 


5.125  7.688  ia25  12.81 
5.250:7.875  ia50  13.13 
5-375  84363  fa75  1344 
5.5008.250 11X90J13.75 


15-38 

15.75 
16.13 
16.50 


17-94 

18.38 
18.81  21.50 


2a5o 

2IXX> 


22.50  25J00 
23.0625.63 


5.6258.A38 
5.750J8.625 


11.25114x16 16.88 
11. 50, 14.38 
5.«75i8.8i3  11.75:14-69 


17.25 
17.63 


19.25 

19.69 

2ai3 


23.63 
24.19 


22U)Ol24.75 

22.5025.31 

J  23xx>  25.88 

20.56:23.5012644 


26.25 
26.*g8 

27-50 

28.13 

28.75 
29.38 


26.81129.25 
27.50J30X»|32.50,35X»^37.50  40XX3 

28.19  30.75  33.31 '35.8853844  41^ 
28.88  31.50.34-13.36.75  39-38  42x0 
29.56  32.25  34-94  37.63  40.31  43X)o 
35.75.38.50,4i.25'44-oo 


30.2533« 

30.94I33-75 
31.63  34-50 
32-31:35-25 


36.56:39.38.42.19  45-00 
37.38j40.25'43.i3  46x10 
38.19^41-13  44-06  47XIO 


jooo|6j00o|9X)oo  i2X)O|i5j0o|i8xio|2ixx>|24U3oj27a3Oj3Oxx>  33xx>;36.oo'39j0ol42xx>45.oo  48J00 
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TABLE  L— Continued. 
Areas  of  Bars  and  Plates. 


Square  Inches. 


Width. 
Inches. 


Thickness.  Inches. 


I 


} 


i        H 


i 


U       i 


tt 


49 
50 
51 

52 

S3 
54 

II 

S7 
58 
59 
60 

61 
62 

§ 

67 
68 

69 

70 

71 
72 

73 
74 

s 

77 
78 
79 
80 

81 
82 
83 
84 

85 
86 

87 
88 

89 
90 
91 
92 

93 
94 

96 

97 
98 
99 
100 


3.06 

3.13 
3.19 
3.25 

331 

3.38 
3.44 
3.50 
3.56 
3.63 
3-69 
3.75 
3.81 
3.88 

3-94 
4.00 

4.06 
413 
4.19 
4.25 

431 
4.38 

4.44 
4.50 

4.56 
4.63 
4.69 
4-75 
4.81 
4.88 

4-94 
5.00 

5.06 
513 
5.19 

5.25 

5-31 
5.38 
5-44 
550 

5.56 
5.63 
5.69 
5.75 
5.81 
5.88 

5.94 
6.00 

6.06 
6.13 
6.19 
6.25 


6.13 
6.25 
6.38 
6.50 
6.63 
6.7s 
6.88 
7.00 

7.13 
7.25 
7.38 
7.50 

7.63 

7.75 
7.88 
8.00 

8.13 
8.2s 
8.38 
8.50 
8.63 

8.75 
8.88 
9.00 : 

913 
9.2s 
9.38 
9.50 
9.63 

9-75 
9.88 
10.00 
10.13 
10.25 
10.38 
10.50 
10.63 

10.75 
10.88 
11.00 

M.13 
11.25 
11.38 
11.50 

11.63 
11.75 
11.88 
12.00 
12.13 
12.25 
12.38 
12.50 


9.19 
9.38 
9.56 
9-75 
9.94 

[O.I  3 

0.31 
0.50 
[0.69 
[O.88 
1.06 
1.25 

1.44 
1.63 
1.81 
2.00 
2.19 
2.38 
2.56 
275 
2.94 
3.13 
3.31 
3.50 

3.69 
3.88 
4.06 
:4.2s 

t4-44 
[4.63 
14.81 
:5.oo 

15.19 

15.38 
[5.56 
15.75 

5.94 
.6.13 
[6.31 
[6.50 

[6.69 
[6.88 
[7.06 
[7.25 

744 
[7.63 
[7.81 
[8.00 

[8.19 
[8.38 
18.56 
[8.75 


12.25 
12.50 
12.75 
13.00 
13.25 
13-50 
1375 
14.00 

14.25 
14.50 

1475 
15.00 

15.25 
15.50 

1575 
16.00 

16.25 
16.50 

16.75 
17.00 

17.25 
17.50 

1775 
18.00 

18.25 
18.50 
18.75 
19.00 

19.25 
19.50 

1975 
20.00 

20.25 
20.50 

20.75 
21.00 

21.25 
21.50 

21.75 
22.00 

22.25 
22.50 

22.75 
23.00 

23.25 
23.50 

2375 
24.00 

24.25 
24.50 

2475 
25.00 


15.31 
15.63 

1594 
16.25 

16.56 
16.88 
17.19 
17.50 
17.81 
18.13 
18.44 
18.75 
19.06 
19.38 
19.69 
20.00 
20.31 
20.63 

20.94 
21.25 

21.56 
21.88 
22.19 
22.50 
22.81 
23.13 
23.44 
2375 
24.06 
24.38 
24.69 
25.00 

25.3 
25.63 

25.94 
26.25 

26.56 
26.88 
27.19 
27.50 

27.81 
28.13 
28.44 
28.75 
29.06 
29.38 
29.69 
30.00 

30.31 
30.63 

30.94 
31.25 


18.38 
18.75 

19.13 
19.50 

19.88 
20.25 
20.63 
21.00 
21.38 
21.75 
22.13 
22.50 
22.88 
23.25 
23.63 
24.00 
24.38 

24.75 
25.13 

25.50 
25.88 
26.25 
26.63 
27.00 
27.38 

27.75 
28.13 
28.50 
28.88 
29.25 
29.63 
30.00 
30.38 

30.75 
31.13 
31.50 
31.88 
32.25 
32.63 
33.00 
33.38 
33.75 
34.13 
34.50 
34.88 
35.25 
35.63 
36.00 

36.38 
36.75 
37.13 
37.50 


21.44 

21.88 
22.31 
2275 
23.19 
23.63 
24.06 
24.50 
24.94 
25.38 
25.81 
26.25 

26.69 
27.13 
27.56 
28.00 
2I44 
28.88 
29.31 
29.75 
30.19 
30.63 
31.06 
31.50 

31.94 
32.38 
32.81 
33.25 
33.69 
34.13 
34.56 
35.00 

3544 

35.88 

36.31 

36.75 

37.19 

37.63 

38.06 

38.50 

38.94 

39.38 

39.81 

40.25 

40. 

41.13 

41.56 

42.00 

42.44 

42.88 

43.31 

43.75 


24.50 
25.00 
25.50 
26.00 

26.50 
27.00 
27.50 
28.00 

28.50 
29.00 
29.50 
30.00 

30.50 
31.00 
31.50 
32.00 
32.50 
33.00 
33.50 
34.00 

34.50 
35.00 
35.50 
36.00 

36.50 
37.00 
37.50 
38.00 

38.50 
39.00 
39.50 
40.00 

40.50 
41.00 
41.50 
42.00 
42.50 
43.00 
43.50 
44.00 

44.50 
45.00 
45-50 
46.00 

50 
47.00 
47.50 
48.00 

48.50 
49.00 
49.50 
50.00 


6946. 


27.56 
28.13 
28.69 
29.25 
29.81 
30.38 
30.94 
31.50 
32.06 
32.63 
33.19 
33.75 

34.31 
34.88 

35.44 
36.00 

36.56 
37.13 
37.69 
38.25 

38.81 
39.38 
39.94 
40.50 
41.06 
41.63 
42.19 
42.75 

43.31 
43.88 

44.44 
45.00 

45.56 
46.13 
46.69 

47.25 
47.81 
48.38 
48.94 
49.50 
50.06 
50.63 
51.19 
51.75 
52.31 
52.88 

53-44 
54.00 

54.56 
55.13 
55.69 
56.25 


30.63 
31.25 
31.88 
32.50 

33.13 
33.7s 
34.38 
35.00 

35-63 
36.25 
36.88 
37.50 
38.13 

38.75 
39.38 
40.00 

40.63 
41.25 
41.88 
42.50 

43.13 
43.75 
44.38 
45.00 

45.63 
46.25 
46.88 
47.50 

48.13 
48.75 
49.38 
50.00 

50.63 
51.25 
51.88 
52.50 

53.13 
53-75 
54.38 
55.00 

55.63 
56.25 
56.88 
57.50 

58.13 
58.7s 
59.38 
60.00 
60.63 
61.25 
61.88 
62.50 


33.69 
34.38 
35.06 
35.7s 
3644 
37.13 
37.81 
38.50 

39.19 
39.88 
40.56 
41.25 

41.94 
42.63 

43.31 
44.00 

44.69 
45.38 
46.06 

46.75 

47.44 
48.13 
48.81 
49.50 
50.19 
50.88 
51.56 
52.25 

52.94 
53.63 
54.31 
55.00 

55.69 
56.38 
57.06 
57-75 
58.44 
59.13 
59.81 
60.50 

61.19 
61.88 
62.56 
63.25 
6^94 
64.63 
65.31 
66.00 
66.69 
67.38 
68.06 
68.75 


36.75 
37.50 
38.25 
39.00 

39.75 
40.50 
41.25 
42.00 

42.75 
43.50 
44.25 
45.00 

45.75 
46.50 

47.25 
48.00 

48.75 
49.50 
50.25 
51.00 

5175 
52.50 

53.25 
54.00 

54.75 
55.50 
56.25 
57.00 

57.75 
58.50 
59.25 
60.00 

60.75 
61.50 
62.25 
63.00 

63.75 
64.50 
65.25 
66.00 
66.75 
67.50 
68.25 
69.00 

69.75 
70.50 
71.25 
72.00 

72.7s 
73-50 
74.25 
75.00 


39.81 
40.63 

41.44 
42.25 

43.06 
43.88 
44-69 
45.50 

46.31 
47.13 
47.94 
48.75 
49.56 
50.38 
51.19 
52.00 
52.81 
53.63 
54.44 
55.25 
56.06 
56.88 

57.69 
58.50 

59.31 

60.13 

60.94 

61.75 

62 

63.38 

64.19 

65.00 

65.81 

66.63 

67.44 
68.25 

69.06 
69.88 
70.69 
71.50 
72.31 
73.13 
73.94 
74-75 

75.56 
76.38 

77.19 
78.00 

78.81 
79.63 

80.44 
81.25 


42.88 
43.75 
44.63 
45.50 
46.38 
47.25 
48.13 
49.00 

49.88 
50.75 
51.63 
52.50 

53.38 
54.25 
55.13 
56.00 

56.88 

57-75 
58.63 
59.50 
60.38 
61.25 
62.13 
63.00 
63.88 
64.75 
65.63 
66.50 

38 
68.25 

69.13 
70.00 

70.88 

71.75 
72.63 
73.50 
74.38 
75-25 
76.13 
77.00 
77.88 
78.7s 
79.63 
80.50 

81.38 
82.25 

83.13 
84.00 

84.88 

85.75 
86.63 
87.50 


5667. 


45.94 
46.88 

47.81 
48.75 
49.69 
50.63 
51.56 
52.50 

5344 

54.38 

5531 
56.25 

57.19 
58.13 
59.06 
60.00 

60.94 
61.88 
62.81 
63.75 
64.69 
65.63 
66.56 
67.50 
68.44 
69-38 
70.31 
71.25 
72.19 

73-13 
74-06 
75.00 

75-94 
76.88 

77-81 

78.75 

79.69 
80.63 
81.56 
82.50 

83.44' 
84.38 

85.31, 
86.25 

87.19 
88.13 
89.06 
90.00' 

90.94 
91.88 
92.81 
93.75 


49.00 
50.00 
51.00 
52.00 

53.00 
54.00 
55.00 
56.00 
57.00 
58.00 
59.00 
60.00 
61.00 
62.00 
63.00 
64.00 
65.00 
66.00 
67.00 
68.00 
69.00 
70.00 
71.00 
72.00 
73.00 
74.00 
75.00 
76.00 

77.00 
78.00 
79.00 
80.00 

81.00 
82.00 
83.00 
84.00 
85.00 
86.00 
87.00 
88.00 
89.00 
90.00 
91.00 
92.00 
93.00 
94.00 
95-00 
96.00 

97.00 
98.00 
99.00 

lOO.O 
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TABLE  2. 
Weights  of  Steel  Bass  and  Plates. 


Pounds 

PES 

Lineal  Foot. 

WMth, 
Inches. 

Thickactt,  laclMS.                                                                      ] 

A 

* 

A 

i 

A 

1 

A 

i 

A 

1 

tt 

1 

H 

i 

tt 

X 

x>53 

.106 

.159 

.213 

.27 

•3^ 

.37 

43 

•^ 

•53 

.58 

.64 

.69 

74 

.80 

.85 

: 

.106 

.213 

.319 

•fl 

•53 

.64 

74 

.85 

.96 

1.06 

1.17 

1.28 

1.38 

149 

1.59 

1.70 

•159 

.319 

47« 

.638 

.8d 

.96 

1.12 

1.28 

143 

1.59 

1.75 

1.91 

2U>7 

2.23 

2.39 

2.55 

I 

.213 

.425 

.638 

.850 

IJ06 

1.28 

1.49 

1.70 

1.91 

2.13 

2.34 

2.55 

2.76 

2.98 

3.19 

340 

.266 

.531 

.797 

1x563 

1.33 

1.59 

1.86 

2.13 

2.39 

2.66 

2.92 

3.19 

345 

3-72 

3.98 

4-25 

.319 

.638 

.956 

'•^Z5 

1.59   1.91 

2.23 

2.55 

2.87 

3.19 

3.51 

3.83 

H^ 

446 

4.78 

5.10 

.372 

.744 

1. 116 

1488 

1.86:  2.23 

2.60 

2.98 

3.35 

3.72 

^52 

446 

4.83 

5.21 

1-5! 

5?5 

.425 

.850 

1.275 

1.700 

2.13 

2.55 

2.98 

340 

3.83 

4.25 

4.68 

S.io 

5-53 

5.95 

6.38 

6.80 

.478 

.956 

1.434 

1.913 

2.3Q 

2.87 

3.35 

3.83 

4.30 

4.78 

^•^ 

I'^l 

6.22 

6.69 

7.17 

7.65 

•531 

1.063 

1.594 

2.125 

2.66 

3.19 

3.72 

4.2s 

4.78 

5.31 

S.84 

6.38 

6.91 

744 

7.97 

8.50 

.584 

1.169 

1.753 

2.338 

2.92 

3.51 

4.09 

4.68 

5.26 

5.84 

643 

7.01 

2-^ 

8.18 

8.77 

9.35 

.638 

I.27S 

1.913 

2.550 

319 

3.83 

446 

5.10 

5.74 

6.38 

7.01 

7.65 

8.29 

8.93 

9.56 

10.20 

.691 

1.381 

2.072 

2.763 

345 

4.14 

4.83 

5.53 

6.22 

6.91 

7.60 

8.29 

8.98 

9.67 

10.36 

11.05 

744 

1.488 

2.231 

2.975 

3.72 

4.46 

5.21 

6.38 

6.69 

744 

8.18 

8.93 

9.67 

1041 

11.1611.901 

.797 

1.594 

2.391 

3.188 

3.98 

4.78 

5.58 

7.17 

7.97 

8.77 

9.56 

10.36 

Ii.i6jii.95|i2.75 

.850 

1.700 

2.550 

3400 

4.25 

5.10 

5.95 

6.80 

7.65 

8.50 

9.35 

10.20 

11.05 

11.9012.75113.60 

.903 

1.806 

2.709 

3.613 

4.52 

542 

6.32 

7.23 

8.13 

9.03 

9.93 

10.84 

11.74 

12.6413.5514^5 

.956 

1.913 

2.869 

3.825 

478 

1:2^ 

6.69 

l-H 

8.61 

9.56 

10.52 

1148 

1243 

13.3914-3415.30 

1.009 

2.019 

3.028 

4.038 

5.05 

7-07 

8.08 

9.08 

10.09 

11.10 

12.11 

13.12  I4.i3;i5.i4;i6.i5| 

1.063 

2.125 

3.188 

4.250 

5.31 

6.38 

744 

8.50 

9.56 

10.63 

11.69 

12.75 

13.81 

14.88  15.94  I7X» 

1. 116 

2.231 

3.347 

4.463 

5.58 

6.69 

7.81 

8.93 

10.04 

II. 16 

12.27 

13.39 

14.50 

15.62  16.73  17.85 

1. 169  2.338 

3|?5 

^•^l 

5.84 

7.01 

8.18 

9.35 

10.52 

11.69 

12.86 

14.03 

15.19  16.36  i7.53;i8.7o 

5} 

1.222  2444 

3.666 

4.888 

6.11 

7.33 

8.55 

9.78 

11.00 

12.22 

13.44 

14.66 

15.88,17.11,18.33119.55 

6 

1.275 

2.550 

3.825 

5.100 

6.38 

7.65 

8.93 

10.20 

1148 

12.75 

14.03 

15.30 

16.58  17.85  19. 13. 2040 

^i 

1.328 

2.656 

3.984 

5.313 

6.64 

7.97 

9.3010.63 

11.95 

13.28 

14.61 

15.94 

17.27  18.59  19.92  21.25 

6 

t.381 

2.763 

4.144 

5.525 

6.91 

8.29 

9.6711.05 

1243 

13.81 

15.19 

16.58 

17.96  i9.34;2a72.22.io 

^1 

1-434 

2.869 

4.303 

5.738 

7.17 

8.61 

10.04;  1148 

12.91 

14.34 

15.78 

17.21 

18.65  20.08 21.5222.9!: 

7 

1.488 

2.975 

4.463 

5.950 

744 

8.93 

1041  it.90 

13.39 

14.88 

16.36 

17.85 

19.3420.8322.3123.8c 

7\ 

1.541 

3.081 

4.622 

6.163 

7.70 

9.24 
9.56 

10.78  12.33 

13.87 

1541 

16.95 

1849 

20.03  21.5723.11  24.65 

7 

1.594 

3.188 

4.78^ 

6.375 

7.97 

11.16  12.75 

14.34 

15.94 

17.53 

19.13 

20.72,22.3123.9125.5c 

7l 

t.647 

3.294 

4.941 

6.588 

8.23 

9.88 

11.53  13.18 

14.82 

1647 

18.12 

19.76 

2141  23.06^24.7026.35 
22. 10J23.80  25.50127.20 

8 

1.700 

3400 

5  too 

6.800 

8.50  ta20 

11.9013.60 

15.30 

I7xx> 

18.70 

2040 

8| 

*Z11 

3.506 
3.613 

5259 

7.013 

8.77  10.52 

12.2714.03 

15.78 

'I'll 

19.28 

21.04 

22.79,24.54126.30  28x>5 

8 

t.8o6 

5419  7.225 

9.03  10.84 

12.6411445 

16.26 

1SJC36 

19.87 

21.68 

2348,25.2927.0928.90 

81 

1.859 

3.719 

5.578 

7438 
7.650 

9.3011.16 

13.02114.88 

16.73 

18.59 

2045 

22.31 

24.17:26.0327.8929.75 

9 

«.9«3 

3.825 

5738 

9.56:1148 

13.39ji5.30 

17.21 

19,13 

21.04 

22.95 

24.86  26.78  28.69  30.6c 

25.55i27.52'2948  3i45 

^t 

t.966 

3.931 

5.897 

7.863 

9-83'ii.79 

13.7615.73 

17.69 

19.66 

21.62 

23.59 

9 

2.019,4.038 

6.056 

8.075 

tO.09  12.11 

14.13.16.15 

18.17 

2a  19 

22.21 

24.23 

26.24  28.26j3a28  32,3c 

9I 

2.0724.144 

6.216 

8.288 

10.361243 

14.5016.58 

18.65 

20.72 

22.79 

24.86 

26.93  29x>i  31x1833.1; 

to 

2.125 

♦.250 

6.375 

8.500 

ia63Ji2.75 

14.88  17.00 

19.13 

21.25 

23.38 

25.50 

27.63  29.75*3 1.88^34.00 

tol 

2.178 

4.356 
4453 

^V^ 

8.713 

ia89i  13.07 

15.25 

1743 

19.60 

21.78 

23.96*26.14 

28.32  3049132.6734-?? 

to 

2.231 

6.6948.925 

ti.i6' 13.39 

15.62 

17.85 

20.08 

22.31  24.5426.78 

29X>i  31.24  3347  35.rc 

to| 

2.284 

4.569 

6.853  9.138 

1142113.71 
tl.69j  14.03 

15-99 

18.28 

20.56 

22.84 

25.132741 

29.7^^31.9834.2736.5? 

It 

i.338 

4.675 

7.oi3;9.350 

16.36 

18.70 

21UH 

23.38 

25.7128.05 

30.3932.7335.06374c 

3ix>8  3347  35.86'38.2? 
31.7734-21  36^'39-tc 

til 

2.391 

4.781 

7.1729.563 

11.9514.34 

16.73  19-13 

21.52  23.91 

26.30  28.69 

It 

^•444 

4.888 

7.3319.775 

12.22,14.66 

17.1 1:19.55 

21.992444 

26.88  29.33 

ta 

2497  4.994 

7491.9.988 

1248:14.98 

1748:19.98 

2147524.97 

2747.29.96 

3246..34.96|3745!39.9? 

la 

2.5505.100 

7.650  ia20^i2.75i  15.30 

17.852040 

22.95  25.50  28.05|3a6o 

33.15  35.70'38.25  40^8c 
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TABLE  l.—Coniinued. 
Weights  of  Steel  Bahs  and  Plates. 


Pounds  per 

Lineal  Foot. 

VTidth. 
Inches. 

Thickneas,  Inches.                                                                      ] 

it 

\ 

A 

\ 

A 

1 

A 

\ 

A 

1 

H 

\ 

U 

i 

tt 

X 

I2| 
«4 

2.66 
2.76 
2.87 
2.98 

5.31 

5-53 
574 
595 

7.97 
8.29 
8.61 
8.93 

10.63 
11.05 
11.48 
11.90 

13,28 
13.81 

15.94 
16.58 
17.21 
17.85 

18.59 
19.34 

20.83 

21.25 
22.10 
22.95 
23.80 

^1^ 

25.82 
26.78 

26.56 

27.63 
28.69 

29.75 

29.2 

30-4 
31.6 
32.7 

319 
33-2 
344 
357 

34-5 
35.9 
37.3 
387 

37-2 
38.7 
40.2 
417 

39.8 

414 
43-0 
44.6 

42.5 
44-2 
45.9 
47.6 

14J 

it' 

3.08 
3.19 
3.29 
3.40 

6.16 
6.38 

9.24 
10.20 

12.33 
12.75 
13.18 
13.60 

15.41 
15.94 
16.47 
17.00 

18.49 
19.13 
19.76 
20.40 

21.57 
22.31 
23.06 
23.80 

24.65 
25.50 
26.35 
27.20 

27.73 
28.69 
29.64 
30.60 

30.81 
31.88 

32.94 
34.00 

33.9 
35.1 
36.2 

374 

37.0 
38.3 
39-5 
40.8 

40.1 

41.4 
42.8 
44.2 

47.6 

46.2 
47.8 
494 
510 

49.3 
51.0 
52.7 
544 

i6i 
18 

3.61 
3.72 
3.83 

7.01 
7.23 
7.44 
7.6s 

10.52 
10.84 
II. 16 
11.48 

14.03 

14.45 
14.88 
15.30 

17.53 
18.06 
18.59 
19.13 

21.04 
21.68 
22.31 
22.95 

24.54 
25,29 
26.03 
26.78 

28.05 
28.90 

29.75 
30.60 

31.56 
32.51 
33.47 
3443 

35.06 
36.13 

37.19 
38.25 

38.6 

39-7 
40.9 
42.1 

42.1 

44.6 
45.9 

45-6 
497 

S0.6 

52.6 

55.8 
574 

56.1 
57.8 

61.2 

18J 
20 

3.93 
4.04 
4.14 
4.25 

7.86 
8.08 
8.29 
8.50 

11.79 
12.11 
12.43 
12.75 

15.73 
16.15 
16.58 
17.00 

1966 
20.19 
20.72 
21.25 

23.59 

24.86 
25.50 

27.52 
28.26 
29.01 
29.75 

31.45 
32.30 

33.15 
34.00 

35.38 
36.34 
37.29 
38.25 

39.31 
40.38 
4144 
42.50 

43.2 

44.4 
45.6 
46.8 

47.2 
48.5 
49.7 
51-0 

51.1 
52.5 
53-9 
55-3 

R1 

58.0 
59.5 

62.2 
63.8 

62.9 
68.0 

20i 
21 

22 

8.71 
8.93 
9.14 
9.35 

13.07 
13.39 
13.71 
14.03 

17.43 
17.85 
18.28 
18.70 

21.78 
22.31 
22.84 
23.38 

26.14 

26.78 

2741 
28.05 

30.49 
31.24 
31.98 
32.73 

34.85 
35.70 
36.55 
3740 

39.21 
40.16 
41.12 
42.08 

43.56 
44.63 
45.69 
46.7s 

47.9 
49-1 
50.3 
514 

52.3 
53.6 
54-8 
56.1 

56.6 
58.0 

61.0 

62.5 

64.0 
65.5 

68.5 
70.1 

69.7 
714 
73.1 
74.8 

22i 

478 
4.89 

4.99 
5.10 

9.56 
9.78 
9.99 

I0.20 

14.98 
15.30 

19.13 
1955 
19.98 
20.40 

23.91 
24.44 
24.97 
25.50 

28.69 
29.33 
29.96 
30.60 

33.47 
34.21 
34.96 
35.70 

38.25 
39.10 

39-95 
40.80 

43.03 
43.99 
44.94 
45.90 

47.81 
48.88 

49.94 
51.00 

52.6 
53.8 
54-9 
56-1 

574 
58.7 

59-9 
61.2 

62.2 
63,5 

66.9 
684 
69.9 
714 

717 
73-3 

76.5 
78.2 

79-9 
81.6 

28 

5.31 
5.S3 
574 
595 

10.63 
II. or 
1 148 
11.90 

17.21 
17.85 

21.25 

22.10 
22.95 
23.80 

2656 
27.63 
28.69 

2975 

31.88 
33.15 
34.43 
35.70 

37.19 
38.68 
40.16 
41.65 

42.50 
44.20 
45.90 
47.60 

47.81 

49.73 
51.64 

53.55 

53.13 
55.2s 
57.38 
59.50 

6o!8 
63.1 
65-5 

63.8 
66.3 
68.9 
714 

69.1 

71.8 
74-6 
774 

744 

774 
80.3 

83.3 

79.7 
82.9 
86.1 

89.3 

91.8 

95.2 

29 
30 
31 
3* 

6.16 
6.38 

12.33 
12.75 
13.18 
13-60 

1849 
19.13 
19.76 
20.40 

24.65 
25.50 
26.35 
27.20 

30.81 
31.88 
3294 
34.00 

36.98 
38.25 

39-53 
40.80 

43.14 
44-63 
46.11 
47.60 

49.30 
51.00 
52.70 
5440 

5546 
57.38 
59.29 
61.20 

61.63 
68.00 

67.8 
70.1 

74.8 

79.1 
81.6 

80.1 
82.9 
85.6 
884 

86.3 

89.3 
92.2 
95.2 

92.4 
95.6 
98.8 
102.0 

98.6 

102.0 
108.8 

33 
34 

!i 

7.01 
7.23 

7.65 

«403 

I4!88 
15-30 

21.04 
21.68 
22.31 
22.95 

28.05 
28.90 

29.75 
30.60 

35.06 
36.13 

37.19 
38.25 

42.08 
43.3s 
44-63 
45.90 

49.09 

50.58 
52.06 
53.55 

56.10 
57.80 
59.50 
61.20 

63.11 

66.94 
68.85 

70.13 
72.25 
74-38 
76-50 

77.1 
79-5 
81.8 
84.2 

86!7 

89-3 
91.8 

91.2 

93-9 
96.7 

99.5 

98.2 
101.2 
104. 1 
107. 1 

105.2 
108.4 
1 1 1.6 
114.8 

II2.2 

II5.6 

1 19.0 
1224 

1? 

39 
40 

7.86 
8.08 
8.29 
8.50 

1573 
16.15 
16.58 
17.00 

23.59 
25.50 

3M5 
32.30 

33-15 
34.00 

39.31 
40.38 

4144 
4250 

47.18 
4845 
49.73 
51.00 

55.04 
56.53 
58.01 

59.50 

62.90 
64.60 
66.30 
68.00 

70.76 
72.68 

74.59 
76.50 

78.63 

82:88 
85.00 

86.5 
88.8 
91.2 
93.5 

96.9 

99-5 
102.0 

102.2 
105.0 
107.7 
1 10.5 

1 10. 1 
113.1 
ii6o 
1 19.0 

1 17.9 
121. 1 
124.3 
127.5 

125.8 

129.2 
132.6 
136.0 

41 
4^ 
43 
44 

8.71 
8.93 
9.14 
9-35 

1743 
17.85 
18.28 
18.70 

26.14 
26.78 

2741 
28.05 

34.85 
35.70 
36.55 
3740 

43.56 
44.63 
45.69 
46.75 

52.28 

54.83 
56.10 

63.96 
6545 

69.70 
71.40 
73.10 
74.80 

7841 
80.33 
82.24 
84.15 

87.13 
89.25 
91.38 
93.50 

95.8 

98.2 

100.5 

102.9 

104.6 

107. 1 
109.7 

1 12.2 

1 16.0 
118.8 
121.6 

122.0 
125.C 
127.9 
1309 

130.7 
133.9 
137.1 
140.3 

1394 
142.8 
146.2 
149.6 

9.56 

9.78 

9.99 

10.20 

19.13 
19.55 
19.98 
2040 

28.69 

29.33 
29.96 
30.60 

38.25 
39.10 

39.95 
40.80 

47.81 
48.88 

49.94 
51.00 

5993 
61.20 

66.94 
68.43 
69.91 
7140 

76.50 
78.20 
7990 
81.60 

86.06 

%t 

9180 

95-63 

99.88 
102.0 

105.2 
107.5 

109-9 
112.2 

1 14.8 

1 17.3 

1 19.9 
1224 

124.3 
127.1 
129.8 
132.6 

133-9 
136.9 
139.8 
1428 

149.8 
153-0 

153.0 
1564 
159.8 
163.2 
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TABLE  Z—OmtiMMed. 
Weights  of  Steel  Bass  and  Plates. 


Pounds  pee  Lineal  Foot. 


Width. 


I 


*  ._L 


:J 


tt  I    i    I   U       I 


49 

SO 

sa 

53 
54 

li 

57 
58 

60 
61 
62 

a 
% 

67 
68 

69 

70 
71 
7^ 

73 
74 

?I 

77 
78 
79 
80 

81 
8a 
83 
84 

®l 
86 

87 
88 

89 
90 
9« 
9a 
93 
94 

97 

98 

99 

100 


ia6 
ia8 
ii.i 

1 1-3 
11.5 
11.7 
119 
12.1 
12.3 

12-5 

12.8, 
13.0 
13.2 

13.6 

13.8 
14^ 
14.2 
14.5 

14.7 
14-9 
15.1 

153 

15-5 

15.7 

16.2 

164 
16.6 
16.8 

17^ 
I7H 
t7JS 

17.9 
18.1 
18.3 
18.S 
18.7 

18.9 
19.1 

19.6 
19.8 
20U) 
2a2 
204 
2a6 
20^ 
21^ 
21.3 


20.8  ,31.2 
21.3,31.9 

ii-7 ;  325 

22.1  33.2 

2a-5  33.8 
23^  34-4 
*34  '  35.1 
*3.8  '  35.7 

24.2  36.3 
24.71370 

25.1 ;  37.6 

25.5  38.3 

25.9 1  38  9 
264  j  39.5 

26.8  '  40.2 
27.2 !  40.8 

27.6  41.4 
28.1  42.1 
28.5 '42.7 

28.9  43-4 
29.3 
29.8 

30.1 
3a6 

31-0 
31.5 
31^ 
3i-3 
3^7  49.1 
33-2 '49-7 
33-6,504 
34^ ,  51.0 
34-4  51.6 
34-9  52.3 
35-3    5*9 

35.7  53-6 

36.6,54-8 
37.0  55.5 
37-4 '  56.1 


44-6 
45-3 
45.9 

46.5 
47.1 
47.8 
485 


.41.7 

1 43.4 
44-2 
451 
45-9 
46.8 
47.6 

48-5 
49-3 
50.2 
51.0 

519 

53-6 
54-4 

55-3 
56.1 
57.0 
57-8 
58.7 

^ 
61.2 

62.1 
62.9 
63.8 

67.2 
68jo 


37^ 
38.3 
38.7 
39.1 


56.7 
57.4 
58JO 

58-7 


39.5  59.3 
40-0 '59.9 
404  60.6 
40.8  .61.2 
41.2   6t.8 

42.1  |63  I 

42,5163.8 


68.9 

70JS 
71-4 

71.3 
73.1 
74-0 
748 

75.7 
76.5 
77-f 
78.2 

79^1 
79.9 
80.8 
81.6 

82.S 
83.3 
84-2 
85x> 


52,1 

531. 
54-2 
55-3 
56.3 
57-4 


83.3 


.  .    93-7  104-1  114-5  125^,135.4  145-8  156 
85-0  95.6  106.3  116.9  127.5  138.1  148.8  1594 


l6S.t 


884I 
90.1 
91.8 

93.5 

95-2 
96.9 


62.5  72.9 

63.8  744 
65.0  75.9 
66.3  77.4 
67.6,  78.8 

68.9  80.3 
584'  70.1  81.8 
59.5  7M'  83.3 
6a6!  72.7'  84.8 
61.6^  74.0  86.3 
62.7  75-2.  87.8 
63.8.  76.5.  89.3 

64.8;  77.8;  90.7:    ...       .      ,       .      .  „    ,       

65.9  79.1   92.2  1054^118.6  131.8  144.91158.1  1 71. 3  1845  197.6  2iaS 
66.9  8a3   93.7jio7.i'i2a5  133.9  147.3 'i6a7j  174^  1874  2oa8  214.2 

68.0  81.6.  95.2' 108.8' 1224  IS6jO  149.6.163.2  176.8  1904  2Q4JO  2I7.t: 

69.1  82.9'  96.7  iia5: 1 24.3 '138. 1  151.91 165. 8  1 79.6 1934 207.2221.0 
70.1    84.2'  98.2*112.2 

85-4' 


71.2 


99.7, 


97.5  1084  119.2  130.1  140.9  151.7  162.6  1734 
99.5  iia5  121.6  132.6  143.7  154.7,165.8  176.S 
1014  112.6J123.9  135*2  1464  157.7' 168.9  180.J 
103.3  114.8  126.2  137-7,1492  i6a7  172.1  183-t 
105.2  116.9I  128.6  140.3  151.9  163.6  175.3  187  c 
107.1  1 19.0  I3a9 142.8!  154.7  166.6 178.5  1904 

I09x>'i2i.i  i33.2!i45-4  157.5  169-6181.7  193.S 
98.6!iia9  123.3  135-6: 147.9!  i6a2  172.6 184J9  197.2 
ioa3  1128  1254. 137.9- I5a5|  163.0 175.5  188.1  200.t 
1020)^114.^  127.5  140.31153-0165.8^178.5  191.3  204  c 
103 .7' 1 16.7' 1 29.6' 142.6!  15  5.6;  1 68.5  181.5' 1944 '2074 

8  144.9:1  ^ 

9  147.31 
o  149.6.1 

1151.91  _  .  _ 
112.2  126.2  140.3  154.3I  168.3  182.3  1964  2104  224  4 
113.9*128.1  1414  156.6,170.9  185.1  199.3  213.6  227.^ 
72.3  86.7^ioi.2Jii5.6i3ai  144.5  159.01734,187-9202.3216.8231.2 
73.3'  88.0  102.6 117.3  1 320)' 146.6  161.3  176JO' 190.6  205.3  2 19J9  2}4.t 
74  4  89.3*104.1  Ii9x>|i33.9'i48.8  163.6  178.5  1934  206.3  223.1 '238X 
754  90.5  105.6  i2a7  135.8  I5a9  i66x>  181.1. 196.1  211.2  226.3 '2414 
76.^  9i-8|i07.i]i224'i37.7i53X>  168.3  183.6^198.9214.2  229.5  244-^ 
77.6  93.1  108.6  124.1 1 139.6  155.1' 1706' 186  2  201.7  217.2  232.7  248^ 

78.6  944  iiai  125.8. 141.5  157.3  1730 188.7  2044  22a2  235.9  25i.t 

79.7  95.6  111.6  127.5  143  4  i59-»  175.3191-3  207.2  223.1  239.1  255-c 
8a8  96.9  113.11129.2:1454  161.5  177.7.193.8.21010226.1  242.3  2584 

81.8  98.2'ii4.5|i3a9li47.3'i63.6'i8ojo|i964^2i2.7  229.1  2454  26i.f 

82.9  99.5  ii6.o|i32.6  149.2  165.8  182.3' 198.9  215.5  232.1  248.6  265.2 
83.9  ioa7  117.5' 134.3' 15 1.1  167.9  184.7201.5  218.2  235JO 251.8  26g.t 

85.0  I02X>  ii9X>  136.C  153.0 170.0  187.0' 204.0, 221. 0238.0  255x>  272^ 

86.1  103.3  1205  137.7154.9172.1  i89.3;2o6.6'223.8'24i.o  258.2  2754 

87.1  104.6  122.0  1394' 156.8  174.3  19 1.7' 209. 1,2 26.5  74402614  27S.S 

88.2  105.8  123.51141.1  158.7  1764  19AJO  21 1.7:229  3  24609264.6  282.2 

89.3  107.1  i25x>  142.S  i6a7  178.5  1964  214.2,232.1  249J9  267.8  285.^ 
9a3  1084' 1264*144.5 -162.6  i8a6  198.7,216.81234.8  252.9  270  9  289.0 
914  io9l7  127.9I  146.2. 164.5  182.8  20i.o'2i9.3'237.6  255.9  274.1  292^ 
924  iia9  1 294J  147.9' 1664  184.9  2034  221.9.240.3  258.8.277.3  295. f 

93.5  ii2.2^i3a9  149-6 168.3  i87x>205.7J2244j243.i.26i.8.28a5  299^ 

94.6  1 13.5  13241151.3  i7a2  189.1  206.0, 227.0^245.9' 264.8  283.7  302.( 

95.6  114.8  1 33.9!  i53x>' 172.1  191.3  2104  229.5  248.6  267.8  286.9  306X) 

96.7  !i6.o,i354.i54.7;i7A.oi954  2i2,7>32.il25i4  270.7  29ai  500-4 
I  97.8  117.3,136.91564  17^  1955. 215-1,234-6  254^,273.7  293.3  3l2-^ 
;  98.8  118.6' 138.3 '158. 1 '177.9  197-6  2 1 74*237.2  256.9,276.7  2964  316.2 
!  99.9  119.9  139.8,159.8  179-8  199.8  219.7  239.7  259.7  279-7  299-6  319-^ 
'ioa9  1 21.1  141.3  161.5  181.7  201.9  222.1.242.3  2624  282.6302.8  325.C 
'io2jO  1224. 142.8. 163.2  183.6  704  o  2244  744.8  265.2  285.6  3o6jo  3264 

103.1  123.7  144.3 ^164.9' 185.5  206.1  226.7I247  4  268x> 288.6  309.2  329.S 

104.1  125.0 145.8' 166.6  187  4206.3  229.1,249.9  27a7  291.6  3124  }}}  z 

105.2  126^2;  147.3 '168.3  189.3  2104  2314  252.5  273.5  29»-5  315-6  336  ^^ 
1106.3  127.5  148.8  170UO 191  3  212.5  233'8,255X> 276.3.297.5  118.8  340X 

I         I         I         I         I         I III- 
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TABLE  3. 
Moments  of  Inertia  of  Plates,  Axis  i-i. 


MomenU  of  Inertia 

i— 

1 

1                                           About 

of  One  Plate. 

i 

Axiix-i. 

II 

ThickncM  of  Plate  in  Inches. 

1 

ft 

1 

ft 

i 

ft 

1 

H 

1 

if 

i 

H 

X 

5 

2.6 

H 

1? 

4.6 

5.2 

5.9 

6.5 

7.2 

7.8 

8.5 

9.1 

9.8 

10.4 

6 

45 

5.6 

6.8 

7.9 

9.0 

10. 1 

11.3 

124 

13.5 

14.6 

15.8 

16.9 

18.0 

7 

7.1 

8.9 

10.7 

12.5 

14.3 

16.1 

17.9 

19.6 

21.4 

23.2 

25.0 

26.8 

28.6 

8 

10.7 

13.3 

16.0 

18.7 

21.3 

24.0 

26.7 

29.3 

32.0 

34.7 

37.3 

40.0 

&', 

9 

15.2 

19.0 

22.8 

26.6 

304 

34.2 

38.0 

41.8 

45.6 

49.4 

53.2 

57.0 

ID 

2a8 

26.0 

31.3 

36.5 

41.7 

& 

52.1 

57.3 

62.5 

67.7 

72.9 

78.1 

83.3 

II 

27.7 

34.7 

41.6 

63.0 

55.5 

69.3 

76.3 

83.2 

90.1 

97.0 

104.0 

1 10.9 

12 

36.0 

45.0 

54.0 

72.0 

81.0 

90.0 

99.0 

108.0 

1 17.0 

126.0 

135.0 

144.0 

13 

4S.8 

57.2 

68.7 

80.1 

91.5 

'^•? 

1 144 

125.9 

137.3 

148.8 

160.2 

171.6 

183.1 

H 

57.2 

71.5 

85.8 

lOO.O 

II4.3 

128.6 

142.9 

157.2 

171.5 

185.8 

200.1 

214.4 

228.7 

i| 

70.3 

87.9 

105.5 

123.0 

140.6 

158.2 

175.8 

193.4 

210.9 

228.5 

246.1 

263.7 

281.2 

i6 

85.3 

106.7 

128.0 

149.3 

170.7 

192.0 

213.3 

234.7 

256.0 

277.3 

298.7 

320.0 

341.3 

17 

102.4 

127.9 

153.5 

I79.I 

204.7 

230.3 

255.9 

281.5 

307.1 

332.7 

358.2 

383.8 

409.4 

i8 

121.S 

'5J-? 

182.3 

212.6 

243.0 

273.4 

303.8 

334.1 

364.5 

394.9 

425.3 

455.6 

486.0 

19 

142.9 

178.6 

214.3 

250.1 

285.8 

321.5 

357.2 

393.0 

428.7 

464.4 

500.1 

535.9 

571.6 

20 

166.7 

208.3 

250.0 

291.7 

333.3 

375.0 

416.7 

458.3 

500.0 

541.7 

583.3 

625.0 

666.7 

21 

192.9 

241.2 

289.4 

Hl'^ 

385.9 

434.1 

482.3 

530.6 

578.8 

627.0 

675.3 

723.5 

771.7 

22 

221.8 

277.3 

332.7 

388.2 

443.7 

499.1 

554.6 

610.0 

665.5 

721.0 

776.4 

831.9 

887.3 

23 

2535 

316.9 

380.2 

443.6 

507.0 

570.3 

633.7 

697.1 

760.4 

823.8 

887.2 

950.6 

1013.9 

24 

288.0 

360.0 

432.0 

504.0 

576.0 

648.0 

720.0 

792.0 

864.0 

936.0 

1008.0 

io8o.o 

II52.O 

25 

325.S 
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.TABLE  S,— Continued. 
Moments  of  Inertia  of  Two  Plates  OnexInch  Wide,  Axis  X-X. 
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S3-8 

67.7 

81.7 

95.9 

110.3 

124.8 

1395 

1544 

1694 

184.6 

200.0 

215.6 

231.3 

26.6 

22i 
22} 

63.3 

79.6 

96.0 

II  2.6 

1294 

146.4 

163.6 

180.9 

198.5 

216.2 

234.1 

252.2 

270.5 

31.3 

64.7 

81.3 

98.1 

115.1 

132.3 

149.6 

167.2 

184.9 

202.8 

220.9 

239.2 

257.6 

276.3 

32.0 

Hi 

24 

7S.0 

94-3 

113.7 

133.3 

153.2 

173.2 

1934 

213.8 

234.5 

255.3 

276.3 

297.5 

319.0 

37.1 

76.6 

96.2 

116.0 

136.0 

156.3 

176.7 

197.3 

218.1 

239.2 

260.4 

281.8 

303.5 

325.3 

37.9 

261 

87.8 

110.3 

132.9 

I5S.8 

178.9 

202.2 

225.8 

249.5 

273.5 

297.6 

322.0 

346.6 

371.5 

43-5 

26 

89.4 

112.3 

135.4 

158,7 

182.3 

206.0 

230.0 

254.1 

278.5 

303.1 

328.0 

353.0 

378.3 

44.3 

28 
28 

X01.5 

127.5 

153.7 

180.0 

206.7 

233.5 

260.6 

287.9 

315.5 

343.2 

371.2 

399.5 

428.0 

50.3 

103.3 

129.7 

156.3 

183.2 

210.3 

237.6 

265.1 

292.9 

320.9 

349.2 

377.6 

406.3 

435.3 

51.2 

30 

116.3 

146.0 

175.9 

206.0 

2364 

267.1 

297.9 

329.1 

360.5 

392.1 

424.0 

456.1 

488.5 

K'l 

30 

118.2 

148.4 

178.7 

209.4 

240.3 
268.2 

2714 

302.8 

3344 

366.3 

3984 

430.8 

463.4 

496.3 

58.6 

32 

132.0 

165.7 

199.6 

233.8 

302.8 

337.8 

373.0 

408.5 

444-2 

480.2 

5164 

553.0 

65.5 

32 

134.1 

168.2 

202.7 

237.3 

272.3 

307.5 

342.9 

378.7 

414.7 

450.9 

4874 

524.2 

561.3 

66.5 

34 

148.8 

186.7 

224.0 

263.2 

301.9 

340.9 

380.1 

419.6 

459.5 

499.5 

539.9 

580.5 

621.5 

73.9 

H 

150.9 

189.4 

228.1 

267.0 

306.3 

345.8 

385.6 

425.7 

466.0 

506.7 

547.6 

588.8 

630.3 

74.9 

3I 

166.5 

208.9 

251.5 

294.5 

337.7 

381.2 

425.0 

469.1 

513.5 

558.1 

603.1 

648.3 

694.0 

82.7 

36I 

168.8 

111.7 

255.0 

298.5 

342.3 

3864 

430.7 

4754 

5204 

565.7 

61 1. 2 

657.1 

703.3 

83.8 

^l\ 

185.3 

232.4 

279.7 

3274 

3754 

423.7 

472.3 

521.2 

570.5 

620.0 

669.8 

720.0 

770.5 

92.0 

38f 

187.7 

23S4 

2834 

331.7 

380.3 

429.2 

4784 

527.9 

577.8 

627.9 

6784 

729.2 

780.3 

93.2 

4a 

205.0 

257.1 

309.5 

362.2 

415.2 

468.5 

522.2 

576.1 

630.5 

685.1 

740.1 

795.3 

851.0 

101.9 

40I 

207.6 

260.3 

313.3 

366.6 

420.3 

474.3 

528.6 

583.2 

638.2 

6934 

749.1 

805.0 

861.3 

103.1 

42I 

225.8 

283.1 

340.7 

398.6 

456.9 

515.5 

574.5 

633.8 

693.5 

7534 

813.8 

llH 

935.5 

112.2 

42 

228.4 

2864 

344.7 

403.3 

462.3 

521.6 

581.2 

641.2 

701.5 

762.2 

823.2 

884.6 

946.3 

113.6 

44 

247.S 

310.3 

373.4 
377.6 

436.9 

500.7 

564.8 

6294 

694.2 

759.5 

825.0 

891.0 

957.3 

1024.0 

123.1 

44t 

250.3 

313.8 

441.7 

506.3 

571.1 

6364 

702.0 

767.9 

834.2 

900.9 

967.9 

1035.3 

124.6 

46 

270.3 

338.8 

407.6 

476.8 

5464 

6164 

686.7 

7574 

828.5 

899.9 

971.7 

1043.9 

1116.5 

1344 

^t 

273.2 

\^, 

412.0 

481.9 

552.3 

623.0 

694.0 

765.5 

837.3 

909.5 

982.0 

1055.0 

II28.3 

135.9 

48 

294.0 

4434 

518.6 

594.2 

670.2 

746.5 

823.3 

900.5 

978.0 

1055.9 

1134.3 

I2I3.0 

146.3 

48 

297.1 

372.3 

447.9 

523.9 

600.3 

677.0 

754.2 

831.7 

9097 

988.0 

1066.7 

1145.8 

1225.3 

147.8 

SO 

318.8 

399.S 

480.6 

562.0 

643.9 

726.2 

808.9 

892.0 

975.5 

1059.4 

1143.6 

1228.4 

1313.5 

158.6 

SO 

321.9 

403.4 

485.3 

567.6 

650.3 

7334 

8x6.8 

900.7 

985.0 

1069.7 

1154.8 

1240.4 

1326.3 

160.2 

S2 

344.5 

431.7 

S19.3 

607.3 

695.7 

784.5 

873.7 

9634 

1053.5 

1 144.0 

1234.9 
1246.5 

1326.2 

I4I8.0 

171.5 

S2 

347.8 

43S-8 

524.2 

613.0 

702.3 

791.9 

882.0 

972.5 

10634 

1154.7 

1338.7 

1431.3 

173.1 

54t 

371.3 

465.2 

559.5 

654.3 

7494 

845.0 

941.1 

1037.5 

11345 

1231.8 

1329.6 

1427.8 

1526.5 

184.8 

374.7 

4694 

564.6 

660.2 

756.3 

852.7 

949.7 

1047.0 

1144.8 

1243.0 

1341.7 

1440.8 

1540.3 

186.5 

5^t 

399.0 

499.9 

601.2 

703^ 

805.2 

907.8 

1010.9 

1114.5 

1218.5 

1322.9 

1427.8 

1533.2 

1639.0 

198.6 

56  _ 

402.6 

S04-3 

606.5 

709.2 

812.3 

915.8 

1019.8 

1124.3 

1229.2 

1334.5 

1440.3 

1546.6 

1653.3 

200.4 

For  Moment  of  Inertia,  deducting  for  rivet  holes 

,  multiply  tabular  value  by  net  width. 
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TABLE  S.—ConUnued. 
Moments  of  Inertia  of  Two  Plates  One  Inch  Wide,  Axis  X-X. 


c 


D— 


Momenu  of  lacrtia 

of  Two  Plates 

One  Inch  Wide, 

Axis  X-X. 


C-— l"— > 


4 

( 
I 


For  Distances 

Measured 

from 

Inside  to  Inside. 


Tliickness  of  Plate  in  Inches. 


i 


427.8 
431.4 
427.5 
461.3 

488.3 
492.2 
520.0 
524.1 

552.8 

556.9 
586.5 
590.8 

621.3 
625.7 
657.0 
661.6 

698.4 

736.3 

775.2 
815.1 

855.9 
897.8 
940.7 
984.6 

10294 
1075.3 
1 122.2 
1170.1 

1218.9 
1268.8 

1319.7 
1371.6 

14244 

1478.3 
1533.2 
1589.1 


1645.1 
1703.8 
1762.7 
1822.6 


535-9 
540.5 
573.1 
577.8 

611.6 
616.5 

6564 
692.3 
697.5 
734.5 
739.9 

778.0 

783.5 
822.8 
8284 

874.5 
921.9 

970.5 
10204 

1071.6 
1123.9 
1177.6 
1232.5 

1288.6 
1346.0 
1404.6 
1464.5 
1525.6 


1782.7 
1850.0 
1918.7 


.92059.7 
2132.1 
2205.7 
2280.6 


I 


644.4 
649.9 
689.2 
694.8 

7354 
741.2 

783.1 
789.1 

832.3 
838.6 
883.0 
889.5 

935.3 
941-9 
989.0 
995.8 


1051.2 
1 108.1 
1166.5 
1226. 


1287.8 
1350.7 
1415.1 
1481.0 

15484 
16174 
1687.7 
1759-6 

1833.0 


1588.0 1908.0 
1651.6 19844 
1716.5 


2062.3 

2141.7 

2222.6 

2305.0 

1988.6  2388.9 


2474.3 
2561.2 
2049.6 
2739.5 


753-5 
759.9 
805.7 
812.3 

859.7 
866.5 

9154 
9224 

972.9 

980.1 

1032.1 

1039.6 

1093.1 

1100.8 
1 155.8 
11^.7 


12284 

1294.9 

1363.1 

4  1433.0 


150^.7 
1578.1 

1653.3 
1730.3 

1809.0  2070. 


18894 
1971.6 
2055.6 

2141.3 
2228.7 
2317.9 
2408.8 

2501.5 
2596/) 
2692.2 
2790.1 

2889.8 
2991.3 
3094-5 
31994 


« 


862.9 
870.3 
922.7 

930.3 

984.4 

992.3 

1048.2 

1056.3 

1113.9 
1122.3 
1181.7 
1190.3 

12514 
1260.3 
1323.2 
1332.3 

1406.3 

482.3 

1560.3 

1640.3 

1722.3 
1806.3 
1892.3 
1980.3 


2162.3 
2256.3 
2352.3 

2450.3 

2550.3 
2652.3 

2756.3 

2862.3 
2970.3 
3080.3 
3192.3 

3306.3 
3422.3 

11^^ 


972.9 

981.1 

1040.1 

1048.7 


1109.7 
1118.5 
1181.5 
1190.' 


12354 
1245.3 

.  1315.3 
6  13254 


1255.5 
1264.9 
1331.8 
1341.5 

1410.3 
1420.3 
1491.1 
15014 

1584.7 
1670.3 
1758.1 
1848.2 

1940.5 

2035.0 

2131.9 
2230.9 

2332.3 
2435.8 
2541.6 
2649.7 

2760JO 
2872.6 
29874 
3104.5 


3854.2 


4122.1 


1083.3 
1092.5 
1158.1 
1167.6 


1397.6 
1408.1 
1482.5 
1493.2 

1569.8 
1580.9 

1659.7 
1671.1 

1763.7 
1858.9 
1956.5 
2056.7 

2159.3 
2264.5 
2372.1 
2482.3 

2595.0 
2710.1 
2827.8 
2947.9 
3070.6 
3195.7 
33234 
3453-6 

3586.2 


3223.8 

3345437214 
3469.2 

3595-3 


38590 
3999-2 


3723.64141.8 


4287.0 


3987^)4434.6 
4584-8 


\k 


1194-1 
120A.3 

1276.5 
1287.0 

1361.7 
1372.5 
1449.6 
1460.8 

1540.3 
1551.8 
1633.7 
1  45.6 

1729.9 
1742.1 
1828.8 
1841.3 

1943.3 
2048.1 
2155.6 
2265.9 

2378.9 
2494.6 
2613.1 

27344 

28584 
2985.2 
3114.7 
3246.9 

3381.9 

3803.5 

3949.5 
4098.2 

4249.7 


472a8 
4883.3 
5048.5 


} 


3997-8 
4154-2 

4313.5 
4475.9 
4641.3 
4809.7 


4561.0  4981.0  5402JO  5823 


51554 
5332.8 

55'3-2 


II 


1305.5 
1316.5 

1395-5 
1406.9 

1488.5 
1500.3 
1584.5 
1596.7 

1696.0 
1785.5 
17984 

1890.5 
1903.8 

1998.5 
2012.2 

2123.5 
2237.9 
2355.3 
24757 

2599.0 
27254 
2854.8 
2987.2 

3122.5 
3260.9 
3402.3 
3546.7 

3694.0  4006.9 

384444169.9 

4336.2 


1417-3 
1429.3 

1514.9 
1527.3 

1615.7 
1628.5 
1719.8 
1733.0 

1827.2 
1840.8 
1937-8 
1951.8 

2051.6 
2066.1 
2168.7 
2183  ' 


1529.5 

1542.5 
1634.7 
1648.1 

1743-5 
1757.3 
1855.7 
1869.9 

19714 
1986.1 
2090.6 
2105.7 

2213.3 

2228.9 

2339.6 

.62355.5 


2304.3 
2428.3 
2555.6 
2686.1 


2819.913041 

2956.9 

3097.1 


33874 
35374 
3690.7 
3847.2 


4505.7 

4678.5 
4854.5 
5033.7 
5216.2 


I 


2485.7 
26194 

2756.5 
2897.2 


.  .  3 
3189.0 
3340.1 


3240.63494.8 


3653.0 
3814.6 
3979.8 
41484 

4320.6 
4496.2 

46754 
4858/) 

5044-2 
5233-9 
5427.0 
5623.7 


.8 
5591.06027.5 
6234.6 
5978.8  6H5.3 


ii 


1642.3 
1656.1 
1755.1 
1769.5 

1871.7 
1886.5 
1992.1 
20074 

2116.2 
2131.9 
22^.0 
2200.2 

2375.6 
2392.3 
2511.0 
2528.1 

2667.7 
2811.0 
2958.1 
3108.9 

3263.5 
3421.8 
35839 
3749.7 

3919.3 
4092.6 
4269.7 
4450.5 

4635.0 
48234 

50154 
5211.3 

5410.8 
5614.1 
5821.2 

603  2X> 

62^6.6 

6464.9 
6687.0 
6912.8 


1755.5 
1770.3 

i876x> 
1891.3 

2000.5 
2016.3 
2129.0 
2145.3 

2261.5 
2278.3 
2398.0 
2415.3 

2538.5 
2556.3 
2683.0 
2701.3 

2850.3 
3003.3 
3160.3 
3321.3 

3486.3 
3655.3 
3828.3 
4005.3 

4186.3 

4371.3 
4560.3 
4753.3 

4950.3 
5151.3 
5356.3 
5565.3 

5778.3 

6216.3 
6441.3 

6670.3 
6903.3 
7140.3 
7381.3 


213.0 
214.8 
227.8 
229.7 

243-2 
245-1 
259.0 
261.0 

2754 
2774 
292.2 

294.3 
309.6 
311.7 
3274 
329.6 

348.0 
367.0 

3864 
406.3 

426.7 
447.6 
469.0 
490.9 

513-3 
536.2 
559.6 
583.5 

607.9 
632.8 
658.2 
684.1 

710.5 
737.5 
764.9 
792.8 

821.2 
850.1 
879.5 
9094 


For  Moment  of  Inertia,  deducdng  for  rivets,  multiply  tabular  value  by  net  width. 
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TABLE  6. 
Wbigrts  and  Aksas  or  Squasb  and  Round  Bass  and  CncuicFBXBNCBS  or  Round  Baks. 
Ons  Cubic  Foot  of  Steel  Weighing  489.6  lb. 


Tfaickne« 

orDiaB- 

eceria 

IndM. 

i 

One  Ft. 

LCMg. 

Wdpht 

f 

One  Ft. 

LCMg. 

Area 
of 

i 

mSq. 
Inches. 

Area 
of 

f 

inSq. 

Ciiciim- 
ference 

Q 

m 
Inches. 

Thictecfls 

or  Diaa- 

eterm 

i 

One  Ft 

LCMg. 

W«jht 

f 

One  Ft. 
Long. 

Area 
of 

m 

Bar 

inSq. 
Incte. 

Area 
of 

inSq. 
Indies. 

Cizcnm- 
ference 

Q 

in 
Indies. 

0 

3 

30.60 

31.89 
33.20 
34.55 

2403 
25.04 
26.08 
27.13 

9.0000 

9.7656 
10.160 

7.0686 
7.3662 
7.6699 
7.9798 

94248 
9.6211 

9.8175 
100)14 

.013 
•053 
.119 

.010 
•042 
.094 

.0039 
0)156 

^352 

X9031 
0)123 
0)276 

.1963 
.3927 
.5890 

I 

^12 

.167 
.261 

•375 
.511 

4)625 

.0977 
.1406 
.1914 

0H9I 
0)767 
.1104 
.1503 

-7854 

.9817 

I.1781 

1.3744 

I 

35.92 
37.31 
38.73 

40.18 

28.20 
29.30 
3042 
31.56 

10.563 
10.973 
11.391 
11.816 

8.2958 
8.6179 

11^ 

ia2io 
10407 
ia6o3 
10.799 

I 

1.076 
1.328 
1.608 

.667 
JJ45 

1.262 

.2500 

.3906 
4727 

.1963 

.3712 

1.5708 
1.7671 
1.9635 
2.1598 

I 

41.65 

44.68 
46.24 

32.71 
33.90 
35-09 
36.31 

12.250 
12.691 
13.141 
13.598 

9.621 1 
9.9678 
10.321 
ia68o 

10.996 
11.192 
11.388 
11.585 

1 
1 

I.913 

2.603 
2.989 

1.502 
1.763 
2.044 

2.347 

.7656 
.8789 

4418 
.5185 
.6013 
.6903 

2.3562 
2.5525 
2.7489 
2.9452 

i 
« 

47.82 
4942 
51.05 
52.71 

11^ 

40.10 
4140 

14.063 

14.535 
I50>i6 

15.504 

11.045 
11416 

11.793 
12.177 

11.781 
11.977 
12.174 
12.370 

J 

4-30J 
4-79S 

2-670 
3.014 

3  379 
3.766 

1.0000 
1.1289 
1.2656 
14102 

.9940 
1.1075 

3.1416 
3.3379 
3.5343 
3.7306 

4 

5440 
56.11 
57.85 
59.62 

42.73 
44.07 

'At, 

16.000 
16.504 
17.016 
17.535 

12.566 
12.962 
13.364 
13.772 

12.566 
12.763 
12.959 
13.155 

1^ 

S.JI2 

IS 

7^)26 

4.600 

S.049 
5.518 

1.5625 
1.7227 
1.8906 
2x3664 

1.2272 
1.3530 
1.4849 
1.6230 

3.9270 
4.1233 
4.3197 
4.5160 

I 

6141 

63.23 
65.08 
66.95 

51.11 
52.58 

18.063 
18.598 
19141 
19.691 

14.186 
14.607 
15.033 
15466 

13.352 
13.548 
13.744 
13.941 

1* 

7.650 
8.301 
8.978 
9.682 

6.008 
6.520 
7.051 
7.604 

2.2500 

2.6406 
2.8477 

1.7671 
1.9175 
2.0739 
2.2365 

4.7124 
4.9087 
5.1051 
5.3014 

68.85 
70.78 
72.73 
74.70 

54.07 
55.59 

58.67 

20.250 
20.816 
21.391 
21.973 

15.904 
16.349 
16.800 

17.257 

14.137 
14.334 
14.530 
14.726 

t 

10.4X 
11.17 
11.95 

12.76 

8.178 

9.388 

IOX>2 

3.0625 
3.2852 
3.5156 
3.7539 

2.4053 
2.5802 
2.7612 
2.9483 

54978 
5.6941 

1:^ 

f 

76.71 

78.74 
80.81 
82.89 

60.25 

61.84 
6346 

65.10 

22.563 
23.160 
23.766 
24.379 

17.721 
18.X90 
18.665 
19.147 

14.923 
15.119 
15.315 
15.512 

a 

13.60 
1446 

16.27 

10.68 
11.36 
12.06 
12.78 

4.0000 

4^539 
4.5156 
4.7852 

3.1416 
3.3410 
3.5466 
3.7583 

6.2832 

6.6759 
6.8722 

■£ 

85.00 
87.14 
89.30 
9149 

66.76 
68.44 

70.14 
71.86 

25.000 

26.910 

19.635 
20.129 
20.629 
21.135 

15.708 

15904 
16.101 
16.297 

I 

17.22 
18.19 
19.18 

2a20 

13.52 
14.28 

15.86 

5.0625 
5-94H 

3.9761 
4.2000 

70)686 
7.2649 

1 

93.72 
95.96 
98.23 
100.5 

73.60 
75.37 

78.95 

27.563 
28.223 
28.891 
29.566 

21.648 
22.166 
22.691 
23.221 

16.886 
17.082 

A 

21.25 
22.33 
2343 
24.56 

16.69 

17.53 
18.40 
19.29 

6.2500 
7.2227 

4.9087 
5.1572 
54119 
5.6727 

7.8540 
80)503 
8.2467 
84430 

102.8 
1052 
107.6 

IIOO) 

30.250 
30,941 
31.641 
32.348 

23.758 
24.301 
24.850 
25406 

17.279 

17.475 
17.671 
17.868 

1 

ll 

26.90 
28.10 
29.34 

20.20 
21.12 
22.07 
23.04 

7.5625^ 
7.9102 
8.2656 
8.6289 

6.4918 
6.7771 

8.6394 
8.8357 
90)321 
9.2284 

1 
tt 

1124 
114.9 
1174 
119.9 

88.29 
90.22 
92.17 
94.14 

33.063 

33.785 
34.516 

35.254 

25.967 
26.535 

11^ 

18.064 
18.261 

18.653 
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TABLE  6,—CotUinued. 
Weights  and  Areas  of  Square  and  Round  Bars  and  Circumferences  of  Round  Bars- 
One  Cubic  Foot  of  Steel  Weighing  489.6  lb. 


Weight 

Weight 

Aiea 
of 

Area 

Circum- 
ference 

Weiibt 

Wd^t 

Area 
of 

Area 
of 

Circum- 
fomce 

Thickness 
or  Diam- 
eter in 

i 

f 

Bar 

9 

Q 

Thicknns 
or  Diam- 
eter in 
Inches. 

i 

f 

■ 

Bar 

f 

Q 

AIlCu^* 

One  Ft. 

One  Ft. 

InSq. 

inSq. 

in 

One  Ft. 

One  Ft. 

faiSq. 

!nSq. 

in 

Long. 

Long. 

Indies. 

Inches. 

Inches. 

Long. 

Long. 

Inches. 

Inches. 

Inches. 

6 

122.4 

96.14 

36.000 

28.274 

18.850 

9, 

2754 

216.3 

81.000 

63.617 

28.274 

t 

125.0 

98.14 

36.754 

28.866 

19.046 

{ 

279.3 

219-3 

82.129 

64.505 

28471 

127.6 

100.2 

37.516 

29.465 

19.242 

283.2 

222.4 

83.266 

65.397 

28.667 

A 

130.2 

102.2 

38.285 

30.069 

19.439 

A 

287.0 

225.4 

84,410 

66.296 

28.863 

\ 

132.8 

104.3 
106.4 

39.063 

30.680 

19.635 

\ 

290.9 

228.5 

85.563 

67.201 

29.060 

f 

135.5 

39.848- 

31.296 

19.831 

f 

294.9 

231.5 

86.723 

68.112 

29.256 

138.2 

108.5 

40.641 

31-919 

20.028 

298.9 

234.7 

87.891 

69.029 

29452 

A 

140.9 

1 10.7 

41.441 

32.548 

20.224 

A 

302.8 

237.9 

89.066 

69-953 

29.649 

i 

143.6 

II2.8 

42.250 

33.183 

20.420 

I 

306.8 

241.0 

90.250 

70.882 

29.845 

A 

146.5 

II4.9 

43.066 

33.824 

20.617 

t 

310.9 

244-2 

91441 

71.818 

30.041 

f 

149.2 

II7.2 

43.891 

34.472 

20.813 

315.0 

247.4 

92.641 

72.760 

30.238 

tt 

152.1 

II9.4 

44.723 

35.125 

21.009 

» 

319.I 

250.6 

93.848 

73.708 

30434 

f 

154.9 

I2I.7 

45.563 

35.785 

21.206 

j 

323.2 

253.9 

95.063 

74.662 

30.631 

H 

157.8 

123.9 

46.410 

36.450 

21.402 

i 

327.4 
331.6 

257.1 

96.285 

75.622 

30.827 

} 

160.8 

126.2 

47.266 

37.122 

21.598 

260.4 

97.516 

76.589 

31.023 

« 

163.6 

128.5 

48.129 

37.800 

21.795 

f 

335-8 

263.7 

98.754 

77.561 

31.022 

7. 

166.6 

130.9 

49.000 

38.485 

21.991 

10 

340.0 

267.0 

100.00 

78.540 

31416 

A 

169.6 

133.2 

49.879 

39.175 

22.187 

t 

344-3 

270.4 

101.25 

79.525 

31.612 

A 

172.6 

135.6 

50.766 

39.871 

22.384 

348.5 

273-8 

102.52 

80.516 

31.809 

175.6 

137.9 

51.660 

40.574 

22.580 

A 

352.9 

277.1 

103.79 

81.513 

32.005 

i 

178.7 

140.4 

52.563 

41.282 

22.777 

1 

357-2 

280.6 

105.06 

82.516 

32.201 

181.8 

142.8 

53-473 

41.997 

22.973 

A 

361.6 

284.0 

106.35 

83.525 

32.398 

i 

^h'^ 

145.3 

54.391 

42.718 

23.169 

1 

366.0 

2874 

107.64 

84.541 
85.562 

32.594 

188.1 

147.7 

55.316 

43.445 

23.366 

■a 

3704 

290.9 

108.94 

32.790 

) 

191.3 

150.2 

56.250 

44.179 

23.562 

I 

374.9 

294.4 

110.25 

86.590 

32.987 

A 

194.4 

152.7 

57.191 

44.958 

23.758 

ft 

3794 

297.9 

111.57 

87.624 

33.183 

1 

197.7 

155.2 

58.141 

45.664 

23.955 

I 

383.8 

3014 

XI2.89 

88.664 

33-379 

H 

200.9 

157.8 

59.098 

46.415 

24.151 

H 

388.3 

305.0 

114.22 

89.710 

33.576 

} 

204.2 

160.3 

60063 

47.173 

24.347 

I 

392.9 

308.6 

115.56 

90.763 

33.772 

5 

207.6 

163.0 

61.035 

47.937 

24.544 

1 

397-5 

312.2 

116.91 

91.821 

33.968 

210.8 

165.6 

1^.2 

62.016 

48.707 

24.740 

• 

402.1 

315.8 

118.27 

92.886 

34.165 

If 

214.2 

63.004 

49.483 

24.936 

« 

406.8 

319.5 

119.61 

93.956 

34.361 

8 

217.6 

1 71.0 

64.000 

50.265 

25.133 

II 

4114 

323.1 

121.00 

95.033 

34.558 

A 

221.0 

1736 

65.004 

51.054 

25.329 

t 

416.1 

-326.8 

122.38 

96.116 

34.754 

A 

224.5 

176.3 

66.016 

51.849 

25.525 

420.9 

330.5 

123.77 

97.205 

34.950 

228jO 

179.0 

67.035 

52.649 

25.722 

ft 

425.5 

334.3 

125.16 

98.301 

35147 

^ 

2314 

I81.8 

68.063 

53.456 

25.918 

\ 

430.3 

337.9 

126.56 

99402 

35.343 

234.9 

184.5 

69.098 

54.269 

26.114 

f 

435.1 

341.7 

127.97 

100.51 

35-539 

i 

238.S 

187.3 

70.141 

55.088 

26.311 

439.9 

345.5 

129.39 

101.62 

35.736 

242.0 

I90.I 

71.191 

55.914 

26.507 

it 

444.8 

3494 

150.82 

102.74 

35.932 

h 

245.6 

193.0 

72.250 

56.745 

26.704 

i 

449-6 

353.1 

132.25 

103.87 

36.128 

A 

2493 

195.7 

73.316 

57.583 

26.900 

ft 

4545 

357.0 

133.69 

105.00 

36.325 

f 

252.9 

198.7 

74391 

58.426 

27.096 

4595 

360.9 

13514 

106.14 

36.521 

tt 

256.6 

201.6 

75.473 

59.276 

27.293 

tt 

4644 

364.8 

136.60 

107.28 

36.717 

1 

260.3 

2044 

76.563 

60.132 

27489 
27.685 

1 

4694 

368.6 

138.06 

10843 

36.914 

« 

264.1 

2074 

77.660 

60.994 

i 

4744 

372.6 

13954 

109.59 

37.no 

4 

267.9 

210.3 

78.766 

61.862 

27.882 

4795 

376.6 

141.02 

110.75 

37306 

271.6 

213.3 

79.879 

62.737 

28.078 

If 

484.5 

380.6 

142.50 

111.92 

37.503 
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TABLE  7 
Properties  of  Carnegie  I  Beams 


1 

1 

1 

»— 

M"  1. 

Section 
Modu- 

Maximum 
Bending^  Mo- 
ment &  x6,ooo 

Distance 
Center  to 

Center 
Required 
toMake 

J3 

1 

i 

1 

1 

"S 

L                         ;i                      ^ 

lus 

Lb.  per 
Sq.ln. 

Radii  of 

Gyration 

Equal 

I  a*  Moment  of 

r=  Radius  of 

Inertia 

Gynuion 

II 

^ 

Azisx-x 

Aziss-a 

Azisx-x 

Azis3-a 

Axis  x-x 

Axis  x-i 

II 

It 

'1 

'f 

Si 

Ml 

Inches    Pounds 

Inchest 

Inches 

Inches 

Inches^ 

Inches^ 

Inches 

Inches 

Inches* 

Foot-Pounds 

Inches 

24 

"S 

34.00 

0.750 

8.000 

*  ?S5-5 

83.23 

9.33 

1.57 

246.4 

328  000 

18.39 

no 

32.48 

0.688 

7.938 

2  883.5 

81.0 

9.42 

1.58 

240.3 

321  000 

18.58 

105 

30.98 

0.625 

7.875 

2  81I.5 

^!-9^ 

9.53 

1.60 

234.3 

312  000 

18.78 

ICO 

29.41 

0.754 

7.254 

2  380.3 

48.56 

9.00 

1.28 

1984 

264  000 

17.82 

95 

27.94 

0.692 

7.192 

2  309.6 

47.10 

9.09 

1.30 

192.5 

257  000 

17.99 

90 

26.47 

0.631 

7.I3I 

2  239.1 

45.70 

9.20 

I.3I 

186.6 

249  000 

18.21 

85 

25.00 

0.570 

7.070 

2   168.6 

^11 

9.31 

1-33 

180.7 

241  000 

18.43 

80 

23.32 

0.500 

7.000 

2087.9 

42.86 

9.46 

1.36 

174.0 

232  000 

18.72 

20 

ICO 

29.41 

0.884 

7.284 

I   655.8 

52.65 

7.50 

1.34 

165.6 

221  000 

14.76 

95 

27.94 

0.810 

7.210 

I   606.8 

50.78 

7.58 

1.35 

160.7 

214  000 

14.92 

90 

26.47 

0.737 

7.137 

I   557.8 

48.98 

7.67 

1.36 

155.8 

208  000 

15.10 

85 

25.00 

0.663 

7.063 

I   508.7 

47.25 

7-77 

1.37 

150.9 

201   000 

15.30 

80 

23.73 

0.600 

7.000 

I   466.5 

45.81 

7M 

1.39 

146.7 

196  000 

15.47 

75 

22.06 

0.649 

6.399 

I    268.9 

30.25 

7.58 

1.17 

126.9 

169  000 

14.98 

7^ 

20.59 

0.575 

6.325 

I   219.9 

29.04 

7.70 

1. 19 

122.0 

163   000 

15.21 

65 

19.08 

0.500 

6.250 

I    169.6 

27.86 

7.83 

1.21 

II  7.0 

156  000 

15.47 

18 

2^ 

26.47 

0.807 

7.245 

I    260.3 

52.00 

6.90 

1.40 

140.0 

187  000 

13.51 

85 

25.00 

0.725 

7.163 

I    220.0 

49-99 

6.99 

1.42 

135.6 

181  000 

13.69 

80 

23.53 

0.6^4 

7.082 

I    180.9 

48.08 

7.09 

1-43 

I3I.2 

175  000 

13.89 

75 

22.05 

0.562 

7.000 

I    141.3 

46.23 

7.19 

1-45 

126.8 

169  000 

14.08 

r 

20.59 

0.719 

6.259 

2" -3 

24.62 

6.69 

1.09 

102.4 

136  000 

13.20 

^5 

19.12 

0.637 

6.177 

881.5 

23.47 

6.79 

I. II 

97.9 

131   000 

13.40 

60 

17.65 

0.555 

6.095 

841.8 

22.38 

6.91 

1.13 

93.5 

125  000 

13.63 

55 

15.93 

0.460 

6.000 

795.6 

21.19 

7.07 

1.15 

884 

118  000 

13.95 

15 

100 

29.41 

1. 184 

6.774 

900.5 

50.98 

5.53 

1.31 

120.1 

160  000 

10.75 

95 

27.94 

1.085 

6.675 

872.9 

48.37 

5-59 

1.32 

1 16.4 

155  000 

10.86 

90 

26.47 

0.987 

6.577 

845.4 

45.91 

5.65 

1.32 

112.7 

150  000 

10.99 

l^ 

25.00 

0.889 

6.479 

817.8 

43.57 

5.72 

1.32 

109.0 

145  000 

11.13 

80 

23.81 

0.810 

6.400 

795.5 

41.76 

5.78 

1.32 

106. 1 

141   000 

11.25 

75 

22.06 

0.882 

6.292 

691.2 

30.68 

5.60 

1. 18 

92.2 

123   000 

10.95 

70 

20.59 

0.784 

t^ 

663.6 

29.00 

5.68 

1. 19 

88.5 

118  000 

11. II 

f5 

19.12 

0.686 

636.0 

27.42 

5.77 

1.20 

84.8 

113  000 

11.29 

60 

17.67 

0.590 

6.000 

609.0 

25.96 

5.87 

1.21 

81.2 

108  000 

11.49 

55 

16.18 

0.656^ 

5.746 

511.0 

17.06 

5.62 

1.02 

68.1 

91   000 

11.05 

50 

14.71 

0.558 

5.648 

483.4 

16.04 

5.73 

1.04 

64.5 

86  000 

11.27 

45 

13.24 

0460 

5.550 

455.8 

15.00 

5.87 

1.07 

60.8 

81  000 

11.54 

42 

1248 

0.410 

5.500 

441.7 

14.62 

5.95 

1.08 

58.9 

79000 

11.70 

12 

55 

16.18 

0.822 

5.612 

321.0 

17.46 

4.45 

1.04 

53-5 

71  000 

8.65 

50 

14.71 

0.699 

5.489 

303.3 

16.12 

4.54 

1.05 

50.6 

67  000 

8.83 

45 

13.24 

0.576 

5.366 

285.7 

14.89 

4.65 

1.06 

47.6 

63  000 

9.06 

40 

11.84 

0.460 

5.250 

268.9 

13.81 

4.77 

1.08 

44.8 

60  000 

9.29 

35 

10.29 

0.436 

5.086 

228.3 

10.07 

4.71 

.^ 

38.0 

51  000 

9.21 

31.5 

9.26 

0.350 

5.000 

215.8 

9.50 

4.83 

1.01 

36.0 

48  000 

9.45 
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TABLE  7,— Continued 
Properties  of  Carnegie  I  Beams 


H 

, 

1 

Distance 

1 

1 

1 

i 

1 

•3 

1 

•5 

8— 

Section 

Modu- 

lus 

Maximum 

Bending  Mo- 

ment  &  x6.ooo 

Lb.  per 

Sq.U 

Center  to 
Center 

Required 

toHake 
Rmduof 

Gmtion 

^'  ""^8 

I »  Moment  of 

r»  Radius  of 

^ 
? 

Inertia 

Gyration 

fl 

Azisx-x 

Azis9-a 

Axisx-x| 

Aziss-a 

Axisx-x 

Axisx-x 

II 

Ifl 

«1 

ri 

St 

Ml 

Inches 

Pounds 

Inches' 

Inches 

Inches 

Inches^ 

Inches^ 

Inches 

Inches 

Inches* 

Fooc-PoQBds 

Inches 

10 

40 

11.76 

0.749 

5.099 

158.7 

9.50 

3.67 

•90 

31.7 

42  000 

7.12 

35 

10.29 

0.602 

4.952 

1464 

8.52 

3-77 

-91 

29.3 

39000 

7.32 

30 

8.82 

0455 

4.805 

134.2 

7.65 

3.90 

.93 

26.8 

36  000 

7.57 

25 

7.37 

0.310 

4.660 

I22.I 

6.89 

4.07 

.97 

24.4 

33  000 

7.91 

9 

35 

10.29 

0.732 

4.772 

III.8 

7.31 

3.29 

.84 

24.8 

33  000 

6.36 

30 

8.82 

0.569 

4.609 

IOI.9 

642 

3.40 

.85 

22.6 

30  000 

6.58 

25 

7.35 

0.406 

4.446 

91.9 

5.65 

3.54 

.88 

204 

27  000 

6.86 

21 

6.31 

0.290 

4.330 

84.9 

5.16 

3.67 

.90 

18.9 

25  000 

7.12 

8 

25.5 

?S 

0.541 

4.271 

684 

4.75 

3.02 

.80 

I7.I 

23  000 

5.82 

23 

6.76 

0.449 

4.179 

64.5 

4-39 

3.09 

.81 

16.I 

21  000 

5.96 

20.5 

6.03 

0.357 

4.087 

60.6 

4.07 

3.17 

.82 

I5.I 

20  000 

6.12 

18 

533 

0.270 

4.000 

56.9 

3.78 

3.27 

.84 

14.2 

19000 

6.32 

7 

20 

5.88 

0.458 

3.868 

42.2 

3.24 

2.68 

■» 

12.1 

16  000 

5.15 

17.5 

515 

0.353 

3.763 

39.2 

2.94 

2.76 

II.2 

15  000 

5.31 

15 

4-42 

0.250 

3.660 

36.2 

2.67 

2.86 

.78 

104 

14  000 

5.50 

6 

17.25 

S'^ 

0475 

3.575 

26.2 

2.36 

2.27 

.68 

8.7 

11  600 

4.33 

H-75 

4-34 

0.352 

3452 

24.0 

2.09 

2.35 

.69 

8.0 

10  700 

449 

12.25 

3.61 

0.230 

3.330 

21.8 

1.8s 

246 

.72 

7.3 

9  700 

4.70 

5 

14-75 

4.34 

0.504 

3.294 

15.2 

1.70 

1.87 

.63 

6.1 

8  100 

12.25 

3.60 

0.357 

3.147 

13.6 

M5 

1.94 

.63 

54 

7  300 

9.75 

2.87 

0.210 

3.000 

I2.I 

1.23 

2.05 

.65 

4.8 

6  400 

•  4 

10.5 

3.09 

0410 

2.880 

7.1 

1.01 

1.52 

.57 

3.6 

4  800 

95 

2.79 

0.337 

2.807 

6.7 

.93 

1.55 

.58 

34 

4  500 

8.5 

2.50 

0.263 

2.733 

6.4. 

.85 

1.59 

.58 

3.2 

4200 

7.5 

2.21 

0.190 

2.660 

6.0 

.77 

1.64 

•59 

3.0 

4  000 

l'^ 

2.21 

0.361 

2.521 

2.9 

.60 

1.15 

.52 

1.9 

2  600 

3 

6.5 

1.91 

0.263 

2423 

2.7 

•53 

1.19 

.52 

1.8 

2  400 

55 

1.63 

0.170 

2.330 

2.5 

46 

1.23 

.53 

1.7 

2  200 

SUPFLEMBNTART  BbAMS 

ar 

?3 

2441 

0424 

7.500 

2888.6 

53.1 

10.88 

1.47 

214.0 

285  300 

21.56 

H 

69.S 

2044 

0.390 

7.000 

1928.0 

39.3 

9.71 

1.39 

160.7 

214  220 

19.22 

21 

57.5 

16.85 

0.357 

6.500 

1227.5 

284 

8.54 
7.30 

X.30 

116.9 

155  880 

16.87 

i8 

46.0 

13.53 

0.322 

6.000 

733.2 

19.9 

1.21 

81.5 

108  620 

14.52 

IS 

36.0 

10.63 

0.289 

S.5OO 

405.1 

4-5 

6.17 

1.13 

54.0 

72  020 

12.14 

12 

27.S 

8.04 

0.255 

5.000 

199.6 

8.7 

4.98 

1.04 

^H 

44350 

9.74 

ID 

22.0 

6.52 

0.232 

4.670 

1 13.9 

6.4 

4.18 

0.99 

22.8 

30  370 

8.12 

8 

17.5 

S.15 

0.210 

4-330 

58.3 

4.5 

3.37 

0.93 

14.6 

19450 

6.48 

24 


TABLE  8 
Elements  of  Carnegie  I  Beams 


«iW<! 


t 


n 


Flange 


Web 


iWeb 


If 


Gage 


Grip 


Dis- 
tance 


5 
S 


Inches  Pounds 


Inches 


Inches 


Inches 


Inches 


Inches 


Ft.-Lb. 


Inches 


Inches 


Inches 


Inches 


Inches 


24 


100 

95 
90 
8S 
80 


8 

7l 

7l 

7i 

7i 

7 


i 


i 


328  000 
264  000 
257  000 
249  000 
241  000 
232  000 


■i 


16 


100 

95 
90 
85 
80 

75 
70 
65 


7t 


6i 


i 

H 
i 

? 
f 


221  000 
214  000 
208  000 
201  000 
196  000 
169  000 
163  000 
156  000 


16 


18 


90 
80 

75 

60 
55 


I4i 
I4i 
Hi 
Hi 

I5i 


187  000 
181  000 
175  000 
169  000 
136  000 
131  000 
125  000 
118  000 


X 


16 


IS 


100 
95 
90 
85 
80 


lA 
li 

I 


i 

i 


II 
II 
II 
II 
II 


160  000 

iSS  000 
150  000 
H5  000 
141  000 


I 


IS 


S 


75 
70 

60 
55 

SO 
45 
4i 


III 

11} 
iif 

:;! 


123  000 
118  000 

113  000 
108  000 

91  000 

86  000 
81  000 
79  000 


^1 
X 


12 


60 

SS 
SO 
45 
40 
35 
31.S 


5i 

si 
St 

si 
si 

5 


9- 
9^: 
9: 
9^ 
9: 
9f 


90  000 
86  000 
71  000 
&^  000 
63  000 
60  000 
51  000 
48  000 


k 


J?. 


41 


25 


TABLE  7,— Continued 
Properties  of  Carnegie  I  Beams 


^ 

'  1 

1 

1 

1 

•5 

8— 

\i    i.   r 

Section 

Modu- 

his 

Maximum 

Bending  Mo. 

meat  #  z6.ooo 

Lb.  per 

Sq.lB. 

Dittaact 
Cestffic 

C€SKr 
RopCfr.' 

to  Nikf 

I »  Moment  of 

r  »  Radius  of 

i 

Inertia 

Gyration 

v^ 

AxUi-x 

Axisa-4 

Axis  i-x  Axis  a-a 

Axisx-z 

Axisz-z 

l^'- 

II 

Ifl 

«1 

rt 

St 

Ml 

Inches 

Pounds 

Inches' 

Inches 

Inches 

Inches^ 

Inches^ 

Inches 

Inches 

Inches' 

Foot.Pouads 

lBCi» 

lO 

40 

11.76 

0.749 

S.O99 

158.7 

9.50 

3.67 

.90 

31.7 

42  000 

7.1; 

35 

10.29 

0.602 

4-952 

1464 

8.52 

3.77 

.91 

29.3 

39000 

7-3- 

30 

8.82 

0455 

4.805 

134.2 

7.65 

3.90 

.93 

26.8 

36  000 

7-.V 

25 

7.37 

0.310 

4.660 

I22.I 

6.89 

4.07 

.97 

244 

33  000 

7-91 

9 

35 

10.29 

0.732 

4772 

III.8 

7.31 

3.29 

.84 

24.8 

33  000 

6.,- 

30 

8.82 

0.569 

4.609 

IOI.9 

642 

3.40 

.85 

22.6 

30  000 

6,^ 

25 

7.35 

0.406 

4446 

91.9 

S.65 

3.54 

.88 

204 

27  000 

6M 

21 

6.31 

0.290 

4.330 

84.9 

5.16 

3.67 

.90 

18.9 

25  000 

7.1: 

8 

*5-5 

7.50 

0.541 

4.271 

684 

4-75 

3.02 

.80 

I7.I 

23  000 

5.?: 

23 

6.76 

0449 

4179 

64.5 

4-39 

3.09 

.81 

16. 1 

21  CXX) 

5-'=' 

20.5 

6.03 

0.357 

4.087 

60.6 

4.07 

3.17 

.82 

I5.I 

20  CXX) 

6.1: 

18 

5-33 

0.270 

4.000 

56.9 

3.78 

3.27 

.84 

14.2 

19  0CX3 

6.3: 

7 

20 

5.88 

0.458 

3.868 

42.2 

3.24 

2.68 

.74 

I2.I 

16  000 

5'; 

17.5 

5.15 

0.353 

3-763 

39.2 

2.94 

2.76 

.76 

II.2 

15  000 

5-.*' 

15 

4-^ 

0.250 

3.660 

36.2 

2.67 

2.86 

.78 

104 

14  000 

5: 

6 

17.25 

5.07 

0475 

3.575 

26.2 

2.36 

2.27 

.68 

8.7 

II 600 

4'" 

1475 

4.34 

0.352 

3452 

24.0 

2.09 

2.35 

.69 

8.0 

10  700     i 

i- 

12.25 

3.61 

0.230 

3.330 

21.8 

1.85 

2.46 

.72 

7.3 

9  700    ' 

4" 

5 

14-75 

4.34 

0.504 

3.294 

15.2 

1.70 

1.87 

.63 

6.1 

8  100 

12.25 

3.60 

0.357 

3.147 

13.6 

1.45 

1-94 

.63 

54 

7  }^'' 

9.75 

2.87 

0.210 

3.000 

I2.I 

1.23 

2.05 

.65 

4.8 

b  4-^. 

4 

10.5 

3.09 

0410 

2.880 

7.1 

I. 01 

1.52 

.57 

3.6 

4   '' 

9.5 

2.79 

0.337 

2.807 

6.7 

.93 

1-55 

.5« 

34 ; 

i    ' 

8.5 

2.50 

0.263 

2.733 

6.4 

.85 

1-59 

.58 

3-- 

i 

7.5 

2.21 

0.190 

2.660 

6.0 

'77 

1.64 

.59 

3.0 

Z'^ 

2.21 

0.361 

2.521 

2.9 

.60 

LIS 

1 
•5- 

I.''; 

3 

6.5 

1.91 

0.263 

2423 

2.7 

.53 

1. 19          o2 

I.' 

5-5 

1.63 

0.170 

2.330 

2.5 

.46 

1.23 

I  - 

Supplement  Alt 

Sr^** 

' 

27 

!^ 

24-ti 

0424 

7.500 

2883.6 

51.1     !(?.*• 

H 

69.5 

^•4^ 

0.390 

7.000 

1928.0 

J54 

v-r* 

11 

57.5 

16.85 

0.357 

6.500 

1217.5 

1S4 

M  '1 

i8 

46.0 

«3.f3 

0.522 

6,000 

731^2 

la^ 

i$ 

36.0 

10.63 

0.289 

5.S00 

405,1 

u-w  - 

12 

27.5 

8.04 

0.2SS 

S.00O 

197.6 

> 

lO 

22.0 

6.S1 

0.23  a 

4.670 

IU9 

r     . 

8 

»7.5 

5."5 

0.310 

4.330 

■"■'  i  :. 

_J 

* 


i*:i 


r        "7  *"     !  Flaunt      VV  t 


I  i^BBlMls  .   i««*'h^M  ,  IncUex       if*i"H*-. 


- 

- 

y\xis  2-2 

I2-2 

Sj-2 

r»-j 

Inches* 

Inches' 

In. 

^..,.^ 

7H.9 

20.0 

1.60 

9.20 

45-7 

12.8 

I.3I 

94^> 

42.9 

12.2 

1.36 

,  -.'■ 

7.S6 

45-8 

13. 1 

1.39 

'  7 -Z' 

7-«3 

27.9 

8.9 

I.2I 

I  2 ' ) .  ^ 

7.19 

46.2 

13.2 

1.45 

'  o  •  5 

6.91 
7.07 

22.4 
21.2 

7.3 

7-1 

I.I3 
LIS 

.>^.4 

Si. 2 

5-H7 

26.0 

8.7 

I.2I 

•"      f 

^f-S 

5-73 

16.0 

57 

1.04 

*4'    ^ 

5S.9 

5-95 

14.6 

5-3 

1.08 

-'-  V    J 

44.8 

4.77 

I3.« 

5-3 

1.08 

21  ^.S 

36.0 

4.83 

95 

3.8 

1. 01 

•     1  . 

134-2  1 

26.8 

3.90 

7.6 

3.2 

0.93 

I  I     1 

122.1   1 

24.4 

4.07 

6.9 

3.0 

0.97 

^^9  1 

18.9 

3.67 

5-2 

2-4 

0.90 

". :"T    ' 

^.t)' 

14.2 

3.27 

3.8 

1.9 

0.84 

21.8  1 

7.3 

2.46 

1.8 

I.I 

0.72 

,T     ^T'ppLpMENTARY   CaRNEGIE   I    BeAMS 


1 

A 
■ 

.■: 

tt^..  --Y 

'»' 

—           n- 

F:  ■   i 

U.C7C  &rtAN<ieiufl 

1 

Ohnensi^ns  for  Doable 
Curve 

Aalsi-i 

Axis  2-3 

0 

In. 

R 

r 

li-i 

Si-i 

ri-i 

l^t 

Si..! 

In.t 

In. 

m,  I  la. 

to* 
6.45 

In, 

In.* 

In," 

In. 

In.* 

0.596  1.5  21  O.20S 

0.65 

288fi,6 

214.0 

lOJB 

SJ-r 

141 

147 

;  I  iO.  5  40  1.392 

0.19s 

5.S8 

0.60 

192S.0 

160.7 

9-71 

390 

11.2 

1-39 

^^l 

0484  1,46^ 

0,172 

S-3I 

O.S5 

1227.S 

116.9 

8.i4 

284 

8,8 

140 

-.  \* 

0.427'KI34 

0.159 

4-75 

0.50 

73  3 'i 

8^5 

7.36 

19-9 

6,6 

1,21 

■  % 

o.37i|i.oos 

O.J  46 

4,18 

0.4s 

40S1 

540 

6.17 

iJS 

4-9 

I  13 

I'j 

0,31510.876 

0.12  J 

3.*ii 

040 

199*6 

33-5 

4.9H 

8.7 

^■S 

1.04 

t7 

0.277I0.790 

0,114 

3.24 

a37 

113.9 

2J,fi 

4.1B 

54 

i-7 

0.99 

.  T  r. 

-1  ?Hj|o-24o|o.704 

0.105I  2.S6 

0.33 

SS-3 

14-6 

J-37 

4-J 

2.1 

<^-93 

L 


37 


TABLE  S.— Continued 
Elements  of  Carnegie  I  Beams 


'^|— ? 


h 


Flange 


Web 


iWeb 


a  M44 
aa9 


|M 


Gage 


Grip 


Dis- 
tance 


P 
28 


Inches 


Pounds 


Inches 


Inches 


Inches 


Inches 


Inches 


Ft.-Lb. 


Inches 


Inches 


Inches 


Inches 


Inches 


40 

35 
30 


Si 


i 


42  000 
39  000 
36  000 

33  OOP 


4 
*1 


xK 


35 

30 

25 

21 


i 


I 


33  000 
30  000 
27  000 
25  CXX) 


2i 

2i 
2j 


25.5 
23 
20.5 
18 


I 

4 


s 


23  000 
21  000 
20  000 

19  OOP 


21 
2I 

2} 


I 


x=s 


20 

17.5 

1S_ 


3i 
3 


A 


16  000 
15  OCX) 
14  OOP 


2l 


I 


X*J 


17.25 

14-75 
12.25 


3} 

it 


14.75 
12.25 

9-75 


3i 


i 


1 


10.5 

9-5 
8.5 
7-5 


f 


11 

Ji- 


ll 600 
10  700 
9  700 


I 


8  100 
7  300 
6  400 


li 
li 


4  800 

4  500 
4  200 

4  OOP 


t 


i 


X 

X 

ND 


-Li. 


1 


i 


2  600 
2  400 

.2   2CX> 


<1 

jL 


1 


i 


SUFI1.EMENTARY  BbAMS 


16"  X  1 " 

»7 

83.0 

7J 

A 

1 

21I 

«i 

285  300 

i 

A 

X  I'  -  4" 
16"  X  I" 

H 

69.S 

7 

1 

A 

J9 

2j 

214  220 

H 

i 

X  1'  -  4" 
16"  X  1'' 

21 

57-5 

6J 

1 

A 

16J 

2i 

iSS  880 

tt 

i 

XI' -4" 
16"  X  1" 

18 

46.0 

6 

A 

A 

»4 

2 

108  620 

3f 

1 

I 

X  I'  -  4" 

12"  X  r' 

'S 

36.0 

Si 

A 

A 

Hi 

ll 

72  020 

3i 

A 

i 

X  I'  -  4" 
12"  X  1" 

12 

*7.S 

s 

i 

1 

8f 

I| 

.44  350 

i 

A 

X  I'  -  0" 
8"  XI" 

10 

22.0 

4l 

i 

i 

7i 

•1 

30  370 

»! 

A 

A 

Xi'-o" 
8"  XI" 

8 

«7.S 

4l 

1 

i 

Si 

li 

19450 

4i 

A 

A 

XtZ-S" 

26 


TABLE  9 
Dimensions  and  Elements  of  Standakd  Carnegie  I  Beams 


n 

ST. 

1— 

tr           '^     "J 

Vm"    V  "      \  '^' 

•uxE  dF  ruuna^ji 

o-o 

Weight 

Area 
of 

Width 

of 
Fiance 

b 

Thk*- 

w5b. 

t 

1 

Root.      Toe. 

m      .      n 

Radius. 

r 

Ax^i-i 

AxiSM 

Ii-i 

St.i 

ri-1 

Is-s 

S.-, 

rw 

In. 

PMmdB 

Sq.  In. 

Inchei 

InrhM 

TnrfMNi 

Inches 

Indies* 

Inches" 

Inches 

Inches' 

IndMsaP 

In. 

24 

105 

30.98 

7.875 

0.625 

1-404 

0.800 

0.60 

2  811.5 

\u.i 

953 

78.9 

20.0 

1.60 

H 

90 

2647 

7.131 

0.631 

I.I42 

0.600 

0.60 

2   2384 

9.20 

457 

12.8 

I.31 

24 

80 

23.32 

7.000 

0.500 

I.I42 

0.600 

0.60 

2<^7.2 

173.9 

9.46 

42.9 

12.2 

1.36 

20 

80 

23.73 

7.000 

0.600 

1. 183 

0.650 

0.70 

I   466.3 

146.6 

7.86 

45.B 

13. 1 

1.39 

20 

65 

19.08 

6.250 

0.500 

1.029 

0.550 

0.60 

I    169.5 

II  7.0 

7.83 

27.9 

8.9 

I.2I 

18 

75 

22.05 

7.000 

0.562 

I.195 

0.659 

0.66 

I    I4I.3 

126.8 

7.19 

46.2 

13.2 

1.45 

18 

60 

17.65 

6.095 

0.555 

0.922 

0460 

0.56 

841.8 

93.5 

6.91 

224 

7.3 

I.I3 

18 

55 

15.93 

6.000 

0460 

0.922 

0.460 

0.56 

795.5 

884 

7.07 

21.2 

7.1 

I.I5 

IS 

60 

17.67 

6.000 

0.590 

I.Q4I 

0.590 

0.69 

609.0 

81.2 

5.87 

26.0 

8.7 

I.2I 

15 

50 

14.71 

5.648 

0.558 

0.834 

0.410 

0.51 

4834 

64.5 

5.73 

16.0 

5.7 

1.04 

15 

42 

12.48 

5.500 

0.410 

0.834 

0410 

0.51 

441.8 

58.9 

5.95 

14.6 

5.3 

1.08 

12 

40 

11.84 

5.250 

0.460 

0.859 

0460 

0.56 

268.9 

44.8 

4.77 

13.8 

5.3 

1.08 

12 

31.5 

9.26 

5.000 

0.350 

0.738 

0.350 

045 

215.8 

36.0 

4.83 

9.5 

3.8 

1. 01 

10 

30 

8.82 

4.805 

0.45s 

0.673 

0.310 

041 

X34.2 

26.8 

3.90 

7.6 

3.2 

0.93 

10 

25 

7.37 

4.660 

0.310 

0.673 

0.310 

041 

1 22. 1 

24-4 

4.07 

6.9 

3.0 

0.97 

9 

21 

6.31 

4.330 

0.290 

0.627 

0.290 

0.39 

B4.9 

18.9 

3.67 

5.2 

24 

0.90 

8 

18 

5-33 

4.000 

0.270 

0.581 

0.270 

0.37 

56.9 

14.2 

3.27 

3.8 

1.9 

0.84 

6 

12.25 

3.61 

3.330 

0.230 

0.488 

0.230 

0.33 

21.8 

7.3 

246 

1.8 

I.I 

0,72 

TABLE  10 
Dimensions  and  Elements  c^  Supplementary  Carnegie  I  Beams 


? 

f&^—i 

k"= 

4lt 

P  '■   i 

SLOPE  OF  FIAII!QESl:t                                                                                                                1 

.0 

^\ 

ll 

II- 

B 

6 

Diiticnsiona  for  Doable 
Curve 

Azisi-x 

Azi8»-a 

0 

P 

R 

r 

Ii-i 

S1.1 

n-i 

I« 

S.-.  !  r«  1 

In. 

Lb. 

Sq.In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In.< 

In.« 

In. 

In.« 

In.» 

In. 

27 

83.0 

24.41 

7.50 

0424 

I.185 

0.596 

I.521 

0.208 

645 

0.65 

2888.6 

214.0 

10.88 

53.1 

I4.I 

M7 

24 

69.5 

20.44 

7.00 

0.390 

I.091 

0.540 

1.392 

0.195 

5.88 

0.60 

1928.0 

160.7 

9.71 

39.3 

II.2 

1.39 

21 

57.5 

16.85 

6.50 

0.357 

0.996 

0.484 

X.263 

0.172 

5.31 

0.55 

1227.5 

I16.9 

8.54 

284 

8.8 

1.30 

18 

46.0 

13-53 

6.00 

0.322 

0.900 

0.427 

I.134 

0.159 

4.75 

0.50 

733.2 

81.5 

7.36 

19.9 

6.6 

1.21 

15 

36.0 

10.63 

5.50 

0.289 

0.805 

0.371 

1.005 

0.146 

4.18 

0.45 

405.1 

54.0 

6.17 

13.5 

4.9 

1.13 

12 

27.5 

8.04 

5.00 

0.255 

0.710 

0.315 

0.876 

0.123 

3.61 

0.40 

199.6 

33.3 

4.98 

8.7 

3.5 

1.04 

10 

22.0 

6.52 

4.67 

0.232 

0.647 

0.277 

0.790 

O.I  14 

3.24 

0.37 

"39 

22.8 

4.18 

64 

2.7 

0.99 

8 

17.5 

5.15 

4.33 

0.210 

0.583 

0.240 

0.704 

0.105 

2.86 

0.33 

58.3 

14.6 

3.37 

4.5 

2.1 

0.93 
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TABLE  11. 
Web  Resistances  for  I-Beaiis. 


CaRNSGIX  I-BKAMS,  FKOM  CaRMBGIX'S  POCKST  COMPAIOON.                         1 

Depth 

Weight 

Allowable 

Allowable 

Min. 
End 

End 
Reac- 

Depth 

Weight 

Allowable 

Allowable 

Mhi. 
End 

Ead 
Reac- 

of 

^ 

Web 

Riirlfling 

Bear- 

tion 

of 

psr 

Web 

Buckling 

Bear- 

tioo 

Beam. 

Shear. 

Reststanoe. 

ing. 

a=3r 

Beam. 

Foot. 

Shear. 

Roistance. 

ing. 

a- 3*". 

Inches. 

Pounds. 

Pounds. 

Pounds 
perSq.  In. 

Inches. 

Pounda 

Inches. 

Pounds. 

P6unds. 

Pbunds 
per  Sq.  In. 

Inches. 

Pounds. 

a? 

83.0 

XX4480 

7970 

27.x 

34650 

S5.0 
50.0 

fd^ 

*6470 
X6030 

4.3 

4.5 

87890 
72830 

X15.0 

X80000 

X3460 

XX.8 

95880 

45.0 

69x20 

15390 

4.8 

57620 

IX0X> 

165x20 

X2960 

X2.5 

84690 

Z2 

40.0 

55200 

14480 

5J 

43300 

105.0 

150000 

12350 

13.4 

73320 

3S.O 

52320 

14330 

5-4 

40330 

xoox> 

180960 

13490 

XX.8 

96620 

31.5 

42000 

13060 

6.2 

29710 

24 

95.0 

166320 

X3000 

X2.5 

856x0 

37.S 

30600 

10850 

8.1 

X7990 

fiH 

X5X440 

X24XO 

X3.3 

74410 

40X> 

74900 

X6690 

3.5 

75010 

85.0 

X36800 

XX7IO 

14.5 

63410 

35.0 

60200 

X6X20 

3-7 

58220 

80.0 

69.5 

X20000 
93600 

X0690 

8340 

X6.5 
22.8 

50780 
30910 

10 

30.0 
25.0 

45500 
31000 

15190 
13410 

4.1 
5.0 

41470 
24940 

2Z 

57.5 

74970 

8820 

X8.6 

27540 

22ja 

23200 

11540 

6.3 

X6060 

X00X> 

176800 

XS080 

8.3 

1x3320 

9 

35.0 
30.0 

65880 
5x2x0 

16870 

X6260 

3.1 
3.3 

7x010 
53200 

95.0 

X62OOO 

X4720 

8.6 

10x370 

25.0 

36540 

x5x6o 

3.7 

3S390 

20 

90.0 

85.0 
80.0 

X474OO 
X20000 

X4300 

X3780 
13230 

9.0 
9.5 
xo.x 

89590 
77630 
67460 

2IU> 

2S.S 

26X00 

43280 

13620 
16440 

4-4 
3.9 

32710 
48920 

75.0 

X2980O 

X3660 

9.6 

75380 

23.0 

35920 

15910 

3.0 

39290 

70.0 
65.0 

XI5OOO 
XOOOOO 

X2980 
X2080 

lU 

63420 
51320 

8 

20.5 

x8.o 
17.5 

X6800 

X5X20 
X387O 
X24OO 

li 

4.5 

39690 

20600 
14320 

?;« 

X45260 

15140 

74 

VlXi 

20  x> 

32060 

16350 

3.5 

39310 

85.0 

80.0 
75.0 
70.0 
65.0 

X30500 

14700 

V 

85260 

7 

X7.5 

247x0 

X5S70 

3.7 

28850 

18 

XI 5920 
XOXI60 
129420 
XX4660 

14x60 

13450 
14070 

14x10 

8.2 

n 

8.3 

72940 
60480 
84350 
71890 

6 

15.0 

17.25 
1475 

17500 
28500 

2XX20 

14150 
x68xo 
X6050 

3.3 
3.1 
2.2 

X8580 

39930 
28250 

60.0 

99900 

13380 

9.0 

594^0 

X2.25 

X38OO 

14480 

2.6 

X6650 

5S.O 

82800 

X2220 

X0.2 

44980 

17.0 

X9000 

X6720 

1.7 

30x80 

46.0 

57960 

9320 

Z4.8 

24020 

14.75 

25200 

X728o_ 

x.6 

41370 

75.0 
70.0 

132300 

X 17600 

X605O 
15690 

ii 

X02660 
89x60 

S 

Z2.25 
9.7s 

I78SO 
10500 

X6580 
14870 

1.8 
2.1 

28x20 
14830 

65.0 

X02900 

X5210 

75650 

10.5 

X64OO 

173x0 

1.3 

31940 

IS 

60  x> 
S5.0 

88500 
98400 

X46OO 
X504O 

6.5 
6.2 

62440 
7x530 

4 

9.5 
8.5 

X348O 

X6360 

14 

35690 
19360 

50.0 

83700 

14340 

6.7 

58030 

7*S 

7600 

15360 

13130 

45.0 

69000 

13350 

7.5 

44520 

7.$ 

XO83O 

17560 

IjO 

36940 

4;.o 

6x500 

12670 

8.x 

37660 

3 

6.5 

7890 

X7020 

X.O 

X9030 

'  36jo 

43350 

lOOXO 

1 1.2 

20970 

5.5 

5x00 

X59SO 

x.x 

11530 

For  explanation  of  above  table  aee  f 

ootnote ' 

rabkz6. 

Cambkia  I-Bbams  1 

UKOom 

LT  Loaobd.  Fbom  Cambbia's  Handbook. 

1 

r. 

III 

II 

1 

h 

m 

n 

1 

li 

ui 

II 

1. 

1^1 

a 

In. 

Lb. 

Lb. 

Ft. 

la. 

Lb. 

Lb. 

Ft. 

Ia. 

Lb. 

Lb. 

Ft. 

In. 

Lb. 

Lb. 

Ft. 

5-5 

XO900 

1.7 

8 

x8 

36310 

4.3 

12 

SO 

176250 

3.2 

x8 

S5 

X09040 
155580 

8.8 

6.5 

17790 

I.X 

20.25 

53560 

3.x 

55 

2x3760 

2.8 

60 

6.6 

7.5 

25230 

.9 

22.75 

72760 

2.4 

86S30 
X06X00 

65 

194040 

.  S.5 

u 

X5330 

2.x 

25.25 

91590 

2.x 

ts 

4a 
45 

li 

70 

232870 

4.9 

22670 

X.6 

9 

21 

42450 

4.S 

50 

X46260 
X86740 

4.S 

30 

65 

X29150 

9j6 

g.5 

30820 

X.2 

25 

7x530 

3.1 

55 

4X> 

70 

X69980 

7.3 

10.S 

37820 

I.X 

30 

XO9620 

2J 

60 

222970 

3^ 

75 

3069x0 

6.7 

975 
12.25 

20050 
39730 

2.6 

X.5 

10 

3S 
as 

146670 

1.9 

54 

IS 

60 
65 

t&OtiAO 

n 

30 

80 

85 

1827x0 
2x4600 

8.7 

7.7 

20x330 

14-75 

57400 

1.2 

30 

86630 
X26460 
X65320 

li 

70 

237380 

4.1 

90 

2576x0 

6A 

12.25 

25130 

3.1 

35 

75 

276990 

3.7 

95 

295400 

6.0 

14.75 

t^^ 

2.0 

40 

2.2 

80 

3X6X60 

3-4 

XOO 

333x50 

5.5 

17^5 

X.6 

12 

31.S 

62890 

6.2 

IS 

80 

247900 
287290 

4.6 

34 

80 

X27540 

14-7 

15 

305x0 

3.7 

35 

9x730 

4-5 

85 

4.2 

85 

X66820 

11.8 

175 

49320 

2.5 

40 

130540 

3.5 

90 

322350 

3.9 

90 

202450 

10. 1 

20 

69540 

1.9 

12 

40 

99380 

4.9 

95 

36X780 

3.6 

95 

239330 

8.8 

4» 

1381x0' 

3.8 

too 

399220 

34 

too 

277070 

7.9 

28 


TABLE  12 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  I  Beams 

American  Bridge  Company  Standards 


Sbe 

Weight 

ptfFoot. 

Pottnds 

Length  of  Span  ra  Febt                                                     | 

10 

II 

12 

13 

14 

15 

16 

17 

18 

30 

92 

24 

36 

38 

30 

33 

24" 

115. 
100. 

90. 
85. 
80. 

no 
88 
86 

83 
80 

77 

lOI 
81 

79 
77 
74 
71 

73 

i 

88 
66 

82 

66 

60 

58 

60 
59 
57 

55 

73 
59 
57 
55 

54 
52 

66 
53 
51 
50 
48 
46 

60 

48 

47 
45 
44 
42 

55 

44 
43 
41 
40 

39 

51 
41 
39 

38 

11 

47 
38 

ij 

34 
33 

44 
35 
34 
33 
32 
31 

41 

33 
32 

31 

30 

29 

Def, 

,10 

.12 

,14 

.16 

./<y 

,20 

,22 

,28 

33 

.40 

'47 

54 

,62 

.7/ 

20" 

100. 

95- 
90. 

80. 
75. 

65. 

.... 

74 

i 
% 

54 

52 

68 
66 

62 
60 
52 
50 

48 

61 
59 

45 

59 
57 
55 
54 
52 
45 
43 
42 

55 
54 
52 
50 
49 
42 
41 
39 

52 
50 
49 

40 
38 
37 

49 
46 

45 

'! 

36 
35 

44 
43 
42 
40 

39 
34 
33 
31 

40 
39 

38 

11 

31 
30 
28 

11 

35 
34 

11 
% 

34 
33 
32 
31 

26 
25 
24 

32 
31 
30 

29 
28 

24 
23 
22 

29 
29 
28 

27 
26 

23 
22 
21 

28 

% 

25 

24 
21 
20 
19 

Def, 

,12 

,14 

./d 

,IQ 

,21 

,24 

27 

'33 

,40 

.48 

.56 

'6S 

'74 

,8s 

18" 

1 

80. 

75- 

62 
60 

56 
45 
44 
42 
39 

57 
55 
53 
52 
42 

36 

53 
51 
50 
48 
39 

1? 

34 

49 

35 
33 
31 

46 
45 
43 
42 
34 
33 
31 
29 

43 
42 
41 
39 
32 
31 
29 
28 

41 
40 
38 
37 
30 

26 

11 

35 
33 

11 

25 
24 

33 
32 
31 
30 

25 
24 
23 
21 

31 
30 

^I 

23 
21 
21 
20 

28 

11 

26 
21 
20 

19 
18 

26 
25 
25 
24 
19 
19 
18 

17 

5J 

23 

22 
18 
17 
17 
16 

23 
22 
21 
21 

17 
16 
16 
«5 

Def.- 

13 

.16 

,iS 

.21 

.24 

27 

'30 

'37 

'4S 

'53 

.62 

72 

,83 

'94 

15" 

100. 

95. 

1 

80. 

75. 

70. 

60. 

55. 
50. 
45. 
42. 

53 
52 

41 

=! 

36 
30 
29 

% 

49 

46 
45 
44 

36 
35 
33 
28 
26 
25 
24 

46 
44 
43 
41 
40 

35 
34 
32 

25 
23 
22 

43 
41 

IS 

33 
31 
30 

29 
24 
23 
22 
21 

40 
39 

11 

35 
31 
29 
28 

27 
23 
21 
20 
20 

38 
37 
35 
34 
33 

It 

27 
25 
21 
20 

19 
18 

36 
34 
33 
32 
31 

11 

25 
24 
20 

19 

18 

17 

32 
31 
30 

^ 

25 
24 

23 
22 
18 

\l 

16 

,1 
% 

26 
22 
21 
21 
20 

17 
16 

15 
14 

11 

25 
24 
24 
20 
20 

19 
18 

15 
H 
H 

13 

25 
24 
23 
22 
22 

;i 

17 
17 
14 
13 
12 
12 

23 
22 
21 
21 
20 
18 

11 

15 
13 
12 
12 
II 

21 
21 
20 
19 

16 
16 
15 
14 
12 
II 
II 
10 

20 
19 
19 

57 
49 
47 
45 

31 

51 
45 
43 
41 
39 
•33 
31 
29 
29 

Def, 

.// 

13 

.16 

./p 

,22 

.25 

,2S 

.52 

'36 

.-w 

'S3 

.64 

•7S 

J7 

•99 

12" 

55. 
50. 

45. 
40. 
35. 
31.5 

29 
27 
25 
24 
20 

19 

26 
25 
23 
22 
18 
17 

24 
22 
21 
20 

17 
16 

22 
21 
20 
18 
16 
»5 

20 

19 
18 

17 
14 
14 

19 

18 

;^ 

14 
13 

18 

15 
13 
12 

15 
14 
12 
II 

16 
15 
H 
13 
11 
II 

14 
13 
13 
12 
10 
10 

13 
12 
12 
II 
9.2 
8.7 

12 
II 
II 
10 

8.5 
8.0 

II 
10 
9.8 
9.2 
7.8 
7.4 

10 
9.6 
9.1 
8.5 
7-2 
6.9 

9.5 
9.0 

84 
8.0 
6.8 
6.4 

Def, 

14 

17 

,20 

.^i 

.27 

•ij 

•3S 

,40 

'4S 

ss 

.67 

'79 

•93 

1.1 

1,2 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber  stress  of  16,000  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  allowable  load  and  four-fifths 
values  given  for  deflection. 

Figures  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  for  plastered 
ceilings. 
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TABLE  12.— CotUinued. 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  I  Beams. 

American  Bridge  Company  Standards. 


Weight 
Pounds. 

Lbngth  of  Span  in  Fbst. 

4 

5 

34 
31 

26 

6 

28 
26 

24 

22 

7 

24 

22 
20 
19 

8 

21 
20 
18 
16 

9 
19 

;? 

10 

17 
16 

14 
13 

XI 

15 
14 
13 
12 

12 

H 
13 
12 
II 

13 

14 

IS 

16 

17 

18  I  ao 

22   '  24 

10" 

40. 

35- 
30. 

25- 

13 
12 
II 
10 

12 
II 
10 
9.3 

II 
10 

8.7 

II 
9.8 
8.9 
8.1 

10 
9.2 
8.4 
7-7 

9.4 
8.7 
8.0 
7.2 

8.S 
7.8 

77  7.1 
7.1  6,5 
6.5  6.0 
5.9  5.4 

Drf, 

.04 

,06 

.08 

.77 

13 

•17 

.20 

.24 

.28 

•32 

.57 

.42 

.^^ 

•H.. 

.66 

.8o:.Qs 

9" 

35. 
30. 

25. 
21. 

27 
24 
22 
20 

22 
20 
18 
17 

19 

17 
15 

H 

13 

IS 
13 
12 
II 

13 
12 
II 
10 

12 
II 
9.9 

9.2 

II 
10 

9.1 
8.4 

10 

9.3 
8.4 

7-7 

7.8 
7.2 

8.8 

8.1 

^'7 

8.3 

Ik 

6.3 

7.8 
5.9 

7.4 

6.1 
5.6 

6.6  6.0  5.5 
6.0  5.5  5.0 
5.4  5.0  4.5 
5.0  4.6  4-2 

Drf. 

.... 

OS 

,07 

,og 

,12 

IS 

.iS 

.22 

8.3 
7.8 

1:1 

•27 

7.6 
6.J 

^3L^ 
7.0 
6.6 
6.2 
5.8 

•36 

•41 

•47 

.5.? 

.60 

•74 

J8g  I.I  1 

8" 

25.S 
23. 
20.5 
18. 

18 

17 
16 

15. 

15 

13 

13 
12 
12 
II 

II 
II 
10 
9.5 

10 
9.6 

9-1 
8.6 
8.1 
7.6 

6.1 

5.8 

5-4 

6.1 
5.7 
54 

S'7 
5.4 
S-i 
4.7 

5.4 
f5 

4-5 
4.2 

4.6 

4.3 
4.0 
3.8 

4.2 
3.9 
3.7 
3.4 

3.8 
3.6 

3.4 

3.2 

Drf, 

OS 

,07 

,10 
7.9 

13 
8.0 

.^7 

u 

6.1 

.21 

6.0 

5.5 

•2S 
5.8 

5.4 

5.0 

•?<' 

•3S 

•41 

•-^7 

•S3 

.60 

.67 

•S3 

7.0  .'7.2  1 

7" 

20. 

17s 

15. 

•  .  •  . 

13 
12 
II 

II 
10 

9.2 

S-4 
4.6 

4.6 
4.3 

4.6 
4.3 
3.9 

4-3 
4.0 

3.7 

4.0 
3.7 
3.5 

3.8 
3.5 
3.3 

3.6 
3.3 
3.1 

3.2 

2.9 
2.7 

2.5 

2.7 

2.5 

2.3 

Def. 

.06 

.op 

.72 

•^5 

./p 

.2^ 

.2Q 

•.W 

.40 

.46 

•S3 

.67 

.68 

•77 

.9517.7 

7.4 

6" 

17.25 

14.75 
12.25 

12 
10 

9.7 

9.3 

'ri 

7.8 

1:1 

6.6 
6.1 

5.5 

S.8 

5-2 

4-7 

4.3 

4.7 
4.3 
3.9 

4.2 

3-9 

3.5 

3.6 
3.2 

3.6 

3.3 
3.0 

3-3 
3.0 
2.8 

3.1 
2.8 
2.6 

2.6 

2.4 

2.7 
2.5 
2.3 

... 

\  '.'. 

Dff, 

.04 

07 

.70 

5.4 

4.8 

4J. 
.12 

14 

.7^ 

.22 

,28 

..?.? 

^0 

•47 

•S4 

.62 

.7/ 

.80 

!.    •     .    1 

S" 

14.75 
12.25 

9.75 

8.1 

11 

,08 
3.8 
3.6 

3.4 

3.2 

4.6 
4.2 
3.7 
.16 

3.6 

3.2 

.27 

3.6 
3.2 
2.9 

•27 

3.2 
2.6 

■40 

*7 
44 
2.2 

2.5 
2.2 

2.0 

2.3 
2.1 
1.8 

2.2 
1.9 
1.7 

2.0 
1.8 
1.6 

1.9 
1.7 
1.5 

1   . 

1;.: 

1 

•  •  •!•  -  -'•  ■ 

Drf. 

OS 
4.8 
4.5 
4.2 
4.0 

•^ 

.$6 

•6S 

7^ 

'^5 

.<)d 

...!... 

1 

4" 

10.5 
9.5 
8.5 
7.5 

3.2 

2.8 
2.7 

2.6 
2.4 

2.3 

2.4 
2.3 
2.1 

2.0 

2.1 
2.0 

1-9 

1.8 

1-9 

1.8 

1.7 
1.6 

•  s 

1-4 

1.6 

1:5 

1.3 

... 

Def. 

.07 

,10 

./5 

,20 

,26 

•33 

•^/ 

■so 

.60 

. . . . 

...1... 

...  .' 1 

3" 

5.5 

2.6 

2.4 
2.2 

2.1 

1.9 
1.8 

1.5 

.20 

1-5 
1-4 
1.3 
-^7 

1.3 
1.2 
I.I 

'3S 

1.2 
I.I 

.98 
.^5 

I.O 

.96 

.88 

•SS 

:t? 

.80 

.86 
.80 
.73 

.<yo 

. .. . 

.... 

... 

... 

... 

1 

Drf. 

,OQ 

H 

— 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fibre  stress  of  i6,ooo  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 
the  values  given  for  deflections.     Figures  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  excessive  for  plastered  ceilings. 

TABLE  12a. 
Percent  op  Tabular  Safe  Loads  for  Beams  and  Channels  Without  Lateral  Support. 


Authority. 

10 

IS 

20 

1? 

25 

93 

72 

30 

87 
63 

35 
80 

53 

40 

73 
44 

45   1  50  1  55  1  60  (  6S  1  70 

75  1  80 

85 

90 

95  '100 

Cambria 
Am.  B.  Co. 

100 

100 

100 

91 

67  i6i  I56I51I47I43 

Ratios  above  not  allowed 

by  Ame 

?3 
ncai 

I  Br 

28I26 

idgcCo, 

The  tabular  safe  loads  should  be  reduced  in  accordance  with  the  ratios  given  in  the  above  table 
in  order  to  insure  that  the  stresses  in  the  compression  flanges  should  not  exceed  the  allowed  unit  stress. 

TABLE  13. 
Safe  Loads,  in  Tons,  and  Deflections,  Supplementary  I-Beams. 


Sbe. 

Weight. 

Span  in  Feet,  Safe  Uniform  Load  in  Tons,  and  Deflection  in  Indies. 

27" 

83.0 

Span 

10 

II 

12 

13 

14 

IS 

16 

17 

18 

20 

22 

24 

26 

28 

30 

Load 

114 

104 

95 

88 

81  • 

76 

71 

67 

63 

57 

52 

47 

44 

40 

38 

Def. 

.06 

.08 

.op 

.70 

.72 

.14 

.76 

.7(y 

.20 

'2S 

.30 

.i5 

.42 

.48 

.55 

24 

69.5 

Span 

10 

II 

12 

13 

14 

15 

16 

17 

18 

20 

22 

24 

26 

28 

30 

Load 

86 

78 

71 

66 

61 

57 

53 

so 

47 

43 

39 

35 

33 

30 

28 

Def. 

.07 

.oS 

./o 

.72 

.14 

.16 

.18 

.20 

.22 

.28 

'34 

.40 

.^7 

.5^ 

.62 

21 

57-5 

Span 

9 

10 

II 

12 

13 

14 

IS 

16 

17 

18 

20 

22 

24 

26 

28 

Load 

69 

62 

56 

52 

48 

44 

41 

39 

36 

34 

31 

28 

26 

24 

22 

Def, 

.06 

.0? 

.10 

.72 

'^3 

./5 

.7^ 

.20 

.25 

.-25 

'32 

.5^ 

'45 

'53 

.62 

18 

46.0 

Span 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

20 

22 

24 

26 

^Load 

54 

48 

43 

39 

36 

33 

31 

29 

27 

25 

24 

22 

20 

18 

16 

Def, 

.06 

.08 

.op 

.77 

•'3 

.16 

.18 

.21 

.24 

27 

30 

'37 

'45 

.55 

.62 

IS 

36.0 

Span 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

20 

22 

24 

Load 

41 

36 

32 

29 

26 

24 

22 

20 

19 

18 

17 

16 

14 

13 

12 

Def. 

.06 

07 

.op 

.7/ 

./i 

.16 

.7p 

.22 

'2S 

.2,? 

^32 

.55 

.^ 

'54 

.64 

12 

27.S 

Span 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

20 

22 

T^ad 

29 

25 

22 

20 

18 

16 

IS 

13 

12 

12 

II 

10 

10 

8.8 

8.0 

Def. 

.OS 

.07 

.op. 

.77 

.14 

.^7 

.20 

23 

.27 

'31 

•ii 

.^0 

'45 

'55 

.<57 

10 

22.0 

Span 

6 

7 

8 

9 

ID 

II 

12 

13 

14 

15 

16 

17 

18 

20 

22 

T/>ad 

20 

17 

15 

13 

12 

II 

10 

9.3 

8.7 

8.1 

7.6 

7.1 

6.7 

6.1 

5-5 

Def. 

.06 

.o,y 

.// 

13 

.'7 

.20 

24 

.2^ 

32 

'37 

'42 

^ 

.5^ 

.($(5 

.80 
20 

8 

17.5 

Span 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

Load 

15 

13 

II 

9.7 

8.6 

7.8 

7.1 

6.4 

6.0 

5.5 

5-2 

4.8 

4.6 

4-3 

3-9 

Def. 

'OS 

.07 

.10 

.^i 

.^7 

.27 

•^5 

'30 

.55 

.^0 

.^5 

.5i 

.60 

.67 

.83 

The  figures 
or  the  end  read 

For  load  cc 
fifths  values  gi\ 

Figures  for 

For  figures 
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s. 

for  allowable  load  and  four- 

lered  excessive  for  plastered 

31 


TABLE  14 
Propbrtibs  op  Carnegie  Channels 


,1 

Distance 

^ 

1 

1 

1 

1 

^-.- 

M+- 

Section 
Modu- 
lus 

Dis- 
tance 
from 
Center 

of 
Gravity 

Maximum 

Moment 

^x6.ooo 

Lb.oer 

Sq.In. 

Back  to 
Back  Re- 

Quircd 
to  Make 
Radii  of 
Gyratioo 

Equal 

I  -  Moment 

r  -i  Radius  of 

1 

I 

of  Inertia 

Gyration 

to  Out- 
side of 

Azisi-i 

Azisa-3 

Axisz-x 

Axisa-3 

Azisx-x 

Web 

Axis  x-x 

U 

It 

ri 

rt 

Si 

X 

Ml 

Inches 

Pbunda 

Indies> 

Inchea 

Inchei 

Indiea* 

Inches' 

Inches 

Inches 

Tnrhrt* 

Inches 

Ft,-Lb. 

InehM 

IS 

55 

16.18 

0.818 

3.818 

430.2 

12.19 

5.16 

.868 

574 

.823 

76  000 

8.53 

50 

14.71 

0.720 

3.720 

402.7 

11.22 

5.23 

.873 

537 

.803 

72  000 

8.71 

45 

13.24 
11.76 

0.622 

3.622 

375.1 

10.29 

5.32 

.882 

50.0 

.788 

67  000 

8.92 

40 

0.524 

3.524 

347.5 

V^ 

543 

.893 

46.3 

.783 

62  000 

9.15 

35 

10.29 

0.426 

3.426 

320.0 

8.48 

5.58 

.908 

42.7 

.789 

57  000 

943 

33 

9.90 

0.400 

3.400 

312.6 

8.23 

5.62 

.912 

417 

.794 

56  000 

9.50 

12 

40 

11.76 

0.758 

3.418 

197.0 

6.63 

4.09 

.751 

32.8 

.722 

44000 

6.60 

35 

10.29 

0.636 

3.296 

179.3 

5.90 

4.17 

.757 

29.9 

.694 

40  000 

6.81 

30 

8.82 

0.513 

3.173 

161.7 

5.21 

4.28 

.768 

26.9 

.677 

36000 

7.07 

25 

7.35 

0.390 

3.050 

144.0 

4.53 

443 

.785 

24.0 

.678 

32  000 

7.36 

20.5 

6.03 

0.280 

2.940 

128.I 

3.91 

4.61 

.805 

214 

.704 

28  000 

7.67 

lO 

35 

10.29 

0.823 

3.183 

II5.5 

4.66 

3.35 

.672 

23.1 

.695 

31  000 

S'i7 

30 

8.82 

0.676 

3.036 

103.2 

3.90 

342 

.672 

20.6 

.651 

28  000 

It 

25 

7.35 

0.529 

2.889 

91.0 

340 

3.52 

.680 

18.2 

.620 

24  000 

20 

5.88 

0.382 

2.742 

78.7 

2.85 

3.66 

.696 

157 

.609 

21  000 

S-97 

15 

446 

0.240 

2.600 

66.9 

2.30 

3.87 

.718 

134 

.639 

18  000 

6.33 

9 

25 

HI 

0.615 

2.815 

70.7 

2.98 

3.10 

.637 

157 

.615 

21  000 

4.84 

20 

5.88 

0.452 

2.652 

60.8 

245 

3.21 

.646 

13.5 

.585 

18  000 

5.12 

15 

4.41 

0.288 

2.488 

50.9 

1-95 

3.40 

.665 

11.3 

.590 

15  000 

1« 

13.25 

3.89 

0.230 

2430 

47.3 

^'77 

349 

.674 

10.5 

.607 

14000 

8 

21.25 

6.25 

0.582 

2.622 

47.8 

2.25 

2.77 

.600 

II.9 

.587 

16  000 

4.23 

18.75 

5.51 

0.490 

2.530 

43.8 

2.01 

2.82 

.603 

1 1.0 

.567 

15  000 

4.38 

16.25 

4-78 

0.399 

2.439 

39.9 

1.78 

2.89 

.610 

10.0 

.556 

13  000 

4.54 

1375 

4-04 

0.307 

2.260 

36.0 

1.55 

2.98 

.619 

9.0 

.557 

12  000 

4.72 

11.25 

3-35 

0.220 

32.3 

1.33 

3.11 

.630 

8.1 

.576 

II  000 

4.94 

7 

1975 

5.81 

0.633 

2.513 

33.2 

1.85 

2.39 

.565 

9§ 

.583 

12  600 

It 

17.25 

5.07 

0.528 

2.408 

30.2 

1.62 

244 

.564 

8.6 

.555 

II  500 

14-75 

4.34 

0423 

2.303 

27.2 

1.40 

2.50 

.568 

7.8 

.535 

10  300 

3.80 

12.25 

3.60 

0.318 

2.198 

24.2 

1.19 

2.59 

'^11 

6.9 

.528 

9  200 

3.99 

9.75 

2.85 

0.210 

2.090 

21. 1 

.98 

2.72 

.586 

6.0 

.546 

8  000 

4.22 

6 

155 

4.56 

0.563 

2.283 

19.5 

1.28 

2.07 

.529 

6.5 

.546 

8  700 

2.91 

13.0 

3.82 

0.440 

2.160 

17.3 

1.07 

213 

.529 

5.8 

.517 

7700 

3.09 

10.5 

3.09 

0.318 

2.038 

I5.I 

.88 

2.21 

•534 

SO 

.503 

6  700 

3.28 

8 

2.38 

a200 

1.920 

13.0 

.70 

2-34 

.542 

4.3 

-517 

5800 

352 

5 

"5  . 

3.38 

0477 

2.037 

ia4 

.82 

I.7S 

493 

4.2 

.508 

5  500 

ill 

9 

2.65 

a330 

1.890 

8.9 

^ 

1.83 

493 

3.5 

481 

4  700 

6.5 

1.95 

a  190 

1.750 

74 

48 

1.95 

498 

3.0 

489 

3  900 

2.79 

4 

7.25 

2.13 

0.325 

1.725 

4.6 

44 

1.46 

455 

2.3 

463 

3  000 

1.85 

6.25 

1.84 

0.252 

1.652 

4.2 

.38 

1.51 

454 

2.1 

458 

2  800 

1.96 

5.25 

1.55 

0.180 

1.580 

3.8 

.32 

1.56 

453 

1.9 

464 

2  500 

2.06 

3 

6 

1.76 

0.362 

1.602 

2.1 

.31 

ixa 

421 

14 

459 

I  800 

1.07 

5 

1-47 

0.264 

1.504 

1.8 

.25 

1.12 

415 

1.2 

443 

I  600 

1.19 

4 

1.19 

0.170 

I41O 

1.6 

•20 

1.17 

409 

I.I 

443 

I  400 

1.31 
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TABLE  IS 
Elements  of  Caknegie  Channels 


la 


jf 


Ia.   Pounds 


I 


In. 


In. 


In. 


m 


J 


FU-Lb. 


In. 


In. 


In. 


In.  I 


In. 


n 


I 


In. 


15 


12 


5S 

50 
45 
40 
35 
33 


40 
35 
30 
25 
20.S 


35 
30 

a5 
20 

ii. 


I2t 
I2I 
I2I 
I2t 
I2i 
12} 


i 


10 
10 
10 
10 
10 


»A 


8 


»5 
20 

15 

i3£i 


81 
8: 
8: 
8: 
8: 


t 


7 
7 
7 


21.25 

18.75 

16.25 

13.75 

11.25 


k 


^ 
6 

6 

^ 


19.75 
17.25 
14.75 

12.25 
_2ii 


I 


155 
13 
10.5 
8 


11.5 


7.25 

6.25 

li:2i 


I 


5- 

5 

5 

V\ 


\ 


% 


4^' 
4 
4 
A 


1 


! 


2 


76  000 

72  000 

67  000 

62  000 

57000 

56  000 


44000 

40  000 
36  000 

32  000 
28  000 


31  000 
28  000 
24  000 
21  000 
18  000 


li 


21  000 
18  000 
15  000 
14  000 


16  000 
15  000 
13  000 
12  000 
II  000 


12  600 

II  500 

10  300 

9  ;oo 

8  030 


:l 

2 

a 
2 

2 


8  700 
7  700 
6  700 
5  800 


5  500 
4  700 
3900 


3  000 
2  800 
2  500 


i 


1 


I 


jL 


I  800 
I  600 
I  400 


i 


12 


2X^ 


12 


2Xg 


»J5 


Ji 

to 

i 

X 

>«« 
X 
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TABLE  16. 
Web  Resistances  for  Channels. 


Caknbgib  Channkls,  Fbom  Carnegie's  Pocket  Companion.                                         | 

Depth 
of 

Weight 

Allowable 

Allowable 

Min. 
End 

End 
Reac- 

D^th 

Weight 

Allowable 

Allowable 

Mhi. 
End 

End 
Reac- 

Chan- 
nd. 

Foot. 

Web 
Shear. 

Buckling 
Resistance. 

Bear- 
ing. 

tion 
a -3*". 

Chan- 
nel. 

Foot. 

Web 

Shear. 

Buckling 
Resistance. 

Bear- 
ing. 

tion 
a -31". 

Inches. 

Pounds. 

Pounds. 

Pounds 
per  Sq.  In. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Pounds. 

Pounds 
per  Sq.  In. 

Inches. 

Pounds. 

SSO 

iaa700 

i58ao 

5.7 

93830 

31.35 

46560 

X6630 

3.8 

S3300 

50.0 

X08000 

15390 

6.0 

80350 

18.75 

39300 

X6170 

3.9 

43580 

IS 

4S.b 

93300 

14830 

6.4 

66840 

8 

16.35 

31930 

15530 

3.3 

34070 

40.0 

78600 

14040 

6.9 

533SO 

13.75 

34560 

14490 

3.5 

34460 

3S.0 

63900 

13900 

7.9 

39850 

xi.35 

17600 

13700 

4.3 

IS370 

33.0 

60000 

1 35 10 

8.3 

36370 

19.75 

^> 

17090 

3J 

56780 

SOX) 

ioa830 

X6150 

4.8 

86350 

17.35 

16700 

2-4 

46300 

450 

88140 

15680 

5.0 

71760 

7 

14.75 

396x0 

16x30 

2Jb 

35830 

13 

40.0 

734SO 

15030 

5.4 

57360 

X3.3S 

33360 

1S190 

3.9 

35360 

37.0 

646x0 

14470 

5.7 

48540 

9.75 

14700 

13330 

3.5 

14580 

3S.O 

S8760 

14030 

6.0 

42770 

32.0 

48750 

13000 

6.8 

33900 

15.5 

33780 

17150 

3.0 

48380 

6 

13-0 

36400 

16640 

3.1 

36610 

40X) 

90960 

16360 

\i 

8009a 

IO.S 

19080 

15730 

3.3 

35010 

3S.O 

763ao 

15730 

65040 

8.0 

I3000 

13810 

3.8 

13810 

la 

30.0 

6x560 

I49S0 

so 

49850 

as.O 

46800 

13670 

5.8 

34660 

ii.S 

33850 

X7180 

1.7 

38920 

ao.s 

33600 

11570 

74 

3xo6o 

5 

9.0 
6.5 

I6SOO 
9500 

16380 
I44SO 

X.8 
3.3 

35670 
13040 

3S.0 
30.0 

8a300 
67600 

16900 
16440 

\i 

83430 
66670 

7.35 

13000 

16870 

14 

34670 

10 

aS.o 

52900 

IS730 

3.9 

49910 

4 

6.35 

10080 

16350 

1.5 

18430 

ao.o 

38aoo 

14470 

4.4 

33160 

S.35 

7300 

15x50 

X.6 

13370 

15.0 

34000 

XI780 

6.0 

16970 

6.0 

10860 

17560 

1.0 

37oao 

as.o 

55350 

16470 

3.2 

58330 

3 

5.0 

7930 

17030 

1.0 

X9IIO 

9 

ao.o 

40680 

I5SS0 

3.5 

40430 

4.0 

5100 

15940 

I.I 

1 1530 

15.0 

35920 

13590 

4.4 

33500 

13.25 

30700 

I3330 

S.x 

I6I70 

Safe  end  reaction  12 -A  X<(a+<f/4).    Safe  interior  load  P  -  a/»  X<(ai  +<f/4). 

In  these  formulas  li  is  the  end  reaction,  P  the  concentrated  load,  t  the  web  thickness,  d  the  depth  of  the  beam. 

ai  half  the  distance  over  which  the  concentrated  load  is  applied  and  a  the  whole  distance  over  which  the  end  reaction 
is  applied,  while  /»  is  the  safe  resistance  of  the  web  to  buckling  in  pounds  per  square  inch  by  the  formula  19000 

—  lood/ar    idli  -  1  in  column  formula). 

The  tables  give  for  beams  with  unsupported  webs: 

1.  The  allowable  shear  K,  on  the  gross  area  of  beam  or  channel  webs  at  10.000  pounds  per  square  Inch. 

2,  Allowable  buckling  resistance  A.  in  pounds  per  square  inch  computed  from  this  compression  formula. 

3.  The  distance  a.  or  the  distance  over  which  the  end  reaction  must  be  distributed  when  the  shraring  stress. 

V,  in  the  web  is  the  maximum  allowable  of  10.000  pounds  per  square  inch. 

4.  The  allowable  end  reaction  {R)  when  a  is  taken  at  3i''  which  is  the  usual  length  of  beam  actually  resting 
on  the  a"  angles  ordinarily  used  in  building  oonstructioa  for  beam  seats. 

Cambbia  Channels.  Uniformlt  Loaded.  From  Cambria  Hand  Book. 

1 

« 

isi 

a 

i 

R 

m 

it 

1 

m 

a 

1 

HI 

II 

In. 
3 

Lb. 

Lb. 

Ft. 

In. 

Lb. 

Lb. 

Ft. 

In. 

Lb. 

Lb. 

Ft. 

In. 

Lb. 

Lb. 

Ft. 

4 

10970 

I.I 

6 

8 

30380 

2.3 

8 

18.75 

83150 

1.5 

13 

30.5 

41390 

55 

5 

I7»30 

0.8 

10.S 

39580 

M 

31.35 

X01800 

1.3 

25 

75440 

3.5 

6 

35260 

Jb 

13 

58300 

I.I 

30 

1 14330     3.6   1 

15.5 

76540 

1.0 

9 

13.35 

38130 

4.0 

35 

XS6000 

3.1 

4 

S.35    X4300 

14 

15 

43350 
80980 

3.9 

40 

193930 

1.9 

6.as   ai66o 

I.I 

7 

9.75 

33950 

3.8 

30 

1.8 

7.25    a9«30 

.9 

13.35 

63300 

1.7 

25 

X18810 

1.4 

^S 

33 

83430 

54 

14.75 

M 

35 

9S070 

4.9 

5 

6.S 

17390 

I^ 

17.35 

83110 

1.3 

10 

IS 

30570 

4.7 

40 

130940 

4.3 

9 

3S900 

I.I 

19.75 

99880 

I.I 

30 

,o?i?2 

107070 

2Jb 

45 

171400 

3.3 

ti.S 

54920 

.9 

35 

1.9 

50 

311750 

3.8 

8 

II.3S 
'13.75 

35560 

44800 
64140 

3.4 

3.3 

30 

35 

I470IO 
183940 

ij6 

55 

351710 

3.5 

X6.35 

1.7 
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TABLE  17 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  Channels 

American  Bridge  Company  Standards 


Weight 

Lbngtb  of  Span  m  Feet 

Sbe 

Foot. 

Pounds 

8 

9 

10 

IZ 

13 

13 

14 

IS 

20 

16 

z8 

20 

33 

24 

36 

38 

30 

55. 

^l 

34 

31 

28 

25 

24 

22 

^2 

17 

15 

14 

13 

12 

II 

10 

50. 

36 

32 

29 

26 

24 

22 

20 

^? 

18 

16 

14 

13 

12 

II 

10 

9-5 

.  -// 

45. 

33 

30 

27 

24 

22 

21 

19 

18 

17 

15 

13 

12 

II 

10 

9.5 

8.9 

IS 

40. 

31 

27 

25 

22 

21 

19 

18 

16 

15 

14 

12 

II 

10 

9-5 

8.8 

8.2 

35. 

28 

25 

23 

21 

19 

18 

16 

15 

14 

13 

II 

10 

9.5 

8.8 

8.1 

7.6 

33. 

28 

25 

22 

20 

19 

17 

16 

15 

H 

12 

II 

10 

9.3 

8.6 

7.9 

7.4 

Def. 

07 

.09 

.// 

13 

.16 

.19 

,22 

'25 

,28 

.^6 

-44 

'53 

.64 

'7f 

.8j 

.99 

40. 

22 

19 

18 

16 

15 

13 

13 

12 

II 

9.7 

8.8 

8.0 

7-3 

6.7 

6.3 

5.8 

35. 

20 

18 

16 

14 

13 

12 

II 

10 

10 

8.9 

8.0 

7-2 

6.6 

6.1 

5.7 

5.3 

12" 

30. 

18 

16 

14 

13 

12 

II 

10 

9.6 

9.0 

8.0 

7.2 

6.5 

6.0 

5-5 

5-1 

4.8 

25. 

16 

14 

13 

12 

II 

9.9 

91 

8.5 

8.0 

71 

6.4 

5.8 

5-3 

4.9 

4.6 

H 

20.5 

14 

n 

II 

10 

9.5 

8.8 

8.1 

7.6 

7.1 

6.3 

5.7 

5-2 

4-7 

4.4 

4.1 

3.8 

Def. 

.09 

.// 

,14 

./7 

.20 

'23 

'27 

'31 

'35 

•45 

'55 

.67 

.79 

•93 
4.7 

I.I 
4-4 

1.2 
41 

35. 

15 

14 

12 

II 

10 

9.5 

8.8 

8.2 

7-7 

6.8 

6.2 

5.6 

5.1 

30. 

H 

12 

II 

10 

9.2 

8.5 

7-9 

7.3 

6.9 

6.1 

5-5 

5.0 

4.6 

4.2 

3-9 

3.7 

id" 

25. 

12 

11 

9-7 

8.8 

8.1 

7.5 

6.9 

6.5 

6.1 

5-4 

4-9 

4-4 

4.0 

3.7 

3.5 

K 

20. 

II 

9-3 

8.4 

7.6 

7.0 

6.5 

6.0 

5.6 

5-3 

4-7 

4-2 

3.8 

3-5 

3.2 

3.0 

2.8 

15. 

8.9 

7.9 

71 

6.5 

5-9 

5.5 

5-1 

4.8 

4.5 
.42 

4.0 

3.6 

3.2 

3.0 

2.7 

2.6 

2.4 

Def, 

.// 

./.? 

J? 

.20 

.24 

.28 

'37 

'54 

.66 

,80 

..'95 

/./ 

J.'? 

15 

»5- 

10 

9-3 

8.4 

7.6 

7.0 

6.4 

6.0 

5.6 

5.2 

4.7 

4.2 

3.8 

3.5 

3-2 

3.0 

2.8 

9" 

20.     , 

9.0 

8.0 

?•* 

6.6 

6.0 

5.5 

5.1 

4.8 

4-5 

4.0 

3.6 

3-3 

3.0 

2.8 

2.6 

2.4 

15. 

7.5 

6.7 

6.0 

5.5 

5.0 

4.6 

4-3 

4.0 

3-8 

3.3 

3.0 

2.7 

2.5 

2.3 

2.2 

2.0 

13.25 

7.0 

6.2 

5.6 

5.1 

4-7 

4.3 

4.0 

3-7 

3.5 

?'^ 

2.8 

2.6 

2.3 

2.2 

2.0 

1.9 

Def, 

,12 

'I5 

.7^ 

.22 

-27 

'31 

•36 

,41 

.^7 

,60 

'74 

.89 

/./ 

1.2 

1-4 

1-7 

The  figures  give  the  safe  unif 
the  end  reactions  from  safe  unif i 

orm  1< 
3rm  Ic 

>ad  in  tons,  based  on  extreme  fiber  stress  of  16.000  lb.,  or 
»ad  in  thousands  of  pounds. 

For  load  concentrated  at  cent 

er,  us( 

J  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 

the  values  given  for  deflections. 

Figures  for  deflections  are  giv< 

en  in  i 

nches. 

For  figures  at  right  of  heavy 

zigza 

Lg  lines,  deflections  are  considered  excessive  for  plastered 

ceilings. 
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TABLE  \1. ^Continued 
Safb  Loads,  in  Tons,  and  Deflections,  Carnegie  Channels 
American  Bridge  Company  Standards 


Siae 

Weight 

Foot, 
Pounds 

LxNGTH  or  Span  m  Fbbt                                                    1 

5 

6 

7 

8 

9 

10 

IZ 

za 

13 

14 

zs 

z6 

z8 

ao 

aa 

24 

8" 

21.25 

18.75 
16.25 

1375 
11.25 

13 
12 
II 
9.6 

8.6 

II 

97 

i^ 

8.0 
7.2 

9.1 

P 

6.2 

7-9 

¥ 

6.0 

54 

5.9 

6.4 
5.8 

5:i 

4-3 

4-4 
3-9 

5-3 
4.9 
44 

3.6 

4.9 
4.5 
4.1 

37 
?-3 

4.6 

4.2 

3.8 

34 
ii 
.:££. 

4.2 
3-9 
3.5 
3.2 
2.9 

4.0 
37 
3.3 
3.0 

2.7 

Def, 

•OS 

-07 

,10 

•Z3 

17 

Jt 

•'/ 

.}o 

'3S 

-JZ. 

•53 

7" 

19.75 
17.25 

1475 
12.25 

975 

10 
9.2 

8.3 

6.7 

8.4 

¥ 

6.1 
5.6 

5-9 
5-3 
4.8 

6.3 
5-8 

n 

4.2 

S.6 

4.1 

3-7 

4.1 

37 

4.6 

34 
3.0 

4.2 
3.8 
3.5 
3.1 
2.8 

3-9 

3.5 

i:l 

2.6 

3.6 
3.3 

2.6 
2.4 

34 
3.1 
2.8 

2.5 
2.2 

3.2 
2.9 
2.6 

2-3 
2.1 

Def. 

.06 

,OQ 

.12 

./5 

.jp 

^^ 

.^0 

•.?f 

•f?- 

.^d 

•5J 

.d/ 

— 

6" 

155 
13. 

u 
n 

5.8 
5.1 

45 
3.9 

5.0 

4.4 
3.8 

3.3 

4.3 
3.9 
3.4 
2.9 

3.9 
34 

2.6 

3.5 
31 
2.7 
2.3 

3.2 
2.8 

24 
2.1 

2.6 
2.2 
1.9 

27 
24 
2.1 
1.8 

2-5 
2.2 

1-9 
17 

2.3 
2.1 
1.8 
1.5 

2.2 
1-9 
17 
1.4 

Drf. 

•07 

,10 

'^4 

,18 

.22 

^8 

-•.'iL 

•40 

•47 

.5^ 

.62 

7/ 

5" 

ii.S 

4.4 
3.8 
3.2 

37 

3.2 
2.7 
2.3 

2.8 
2.4 
2.0 

2.5 
2.1 
1.8 

2.2 

1.6 

2.0 
17 
'•4 

1.6 

17 
1.5 
1.2 

1.6 

14 
I.I 

1-5 
1-3 
1.0 

14 
1.2 

.99 

Drf. 

.0* 

.12 

.16 

.2T 

.^7 

•33 

40 

•^ 

.^d 

•65 

7^ 

^^ 

4" 

7.2s 
6.2s 

2.4 

2.2 
2.0 

2.0 
1.9 
17 

^•4 

1-5 
1.4 

14 

1.2 
I.I 

1.2 
I.I 
1.0 

I.I 
1.0 
.92 

1.0 

.84 

78 
.70 

.80 
.72 

.81 

76 
.6j 

D>f. 

.10 

'^f 

.20 

^ 

•34 

•^^ 

.50 

,60 

0? 

/./ 

3" 

6. 
S- 
4- 

1-3 
1.2 

1.2 
I.I 
.97 

I.I 

.94 
.83 

.92 

.82 
73 

.82 

.58 

•s? 

.61 

.57 
.50 

•45 

•53 
47 
41 

49 
44 
.39 

46 

Drf. 

'I4 

,20 

^7 

'3S 

•45 

55 

^7 

.^0 

-93 

/./ 

1^ 

/4 

.... 

The  figures  give  the  safe  tmifonn  load  in  tons,  based  on  extreme  fiber  stress  of  z6,ooo  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 
the  values  given  for  deflections. 

Figures  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  for  i>la8tered 
ceilings. 

TABLE  18. 

Safe  Loads,  in  Tons,  and  Deflections,  Casnegie  Channels  Laid  Flat. 

American  Bridge  Company  Standards. 


Sbe 

Weight 
Foanda. 

Lbngth  or  Span  js  FIekt. 

Sbe. 

Wdght 

F'St. 
FoaoAa. 

Lbngth  or  Span  in  Fbbt. 

3 

4 

s 

6 

7 

8 

9 

3 

4 

5 

6 

7 

8 

9 

15" 

55. 
50. 
45. 
40. 
35. 
33. 

7.2 
6.8 
64 
5.9 

Ji 

5.4 
5.1 

4-8 
4-5 
4-3 
4-2 

4-3 
4-1 

3.6 
34 
H 

3.6 
34 
3.2 
3-0 
2.8 
2.8 

3.1 
2.9 
2.8 

2.5 
24 
2.4 

2.6 

2.4 

2.2 
2.1 
2.1 

24 
2.3 
2.1 
2.0 
1.9 
1.9 

8" 

21.25 
18.75 
16.25 

13.75 
11.25 

1.9 
1.8 

1-7 
1.5 
1.4 

1.5 

1-3 
1.2 
I.I 
1.0 

1.2 
I.I 
1.0 
.92 
.84 

.98 
.91 
.84 
'77 
.70 

.84 
.78 

'^ 
.60 

.74 

.68 

% 

•53 

.61 
.56 
.51 

.47 

Def. 

-OS 

.oS 

13 

,iS 

•^4 

.?^ 

-40 

D^. 

.0? 

-OS 

,08 

.12 

.16 

^I 

^ 

7" 

19.75 
17.25 

14-75 
12.25 

9.75 

1.7 
1-5 
14 
1.2 
I.I 

1.3 
I.I 

1.0 
•95 

.85 

1.0 
.93 

.67 

.85 
'77 

.56 

.60 

3 

:1S 

.53 

47 
42 

'S7 
.52 
47 
42 
.37 

12" 

40. 
35. 
30. 
25- 
20.5 

4-4 

4-0 
3.7 
3.4 
?-^ 

3.3 

2.8 
2.5 
2.3 

2.6 

24 
2.2 
2.0 
1.9 

2.2 
2.0 
1.8 
1.7 
1.5 

1.9 
1.7 
1.6 
14 
1.3 

1.6 
1.5 
14 
1.3 
1.2 

1.5 
1.3 
1.2 
I.I 
1.0 

Drf, 

.05 

.op 

■14 

.20 

^ 

.?V 

44 

Def. 

•03 

^ 

-09 

'^4 

,18 

^4 

.30 

6" 

15.5 
13. 

1.3 
I.I 

1.0 
.88 

.98 
.87 

.78 

.61 

•53 

% 

•51 
4* 

.56 
.50 
43 

.38 

49 
43 
•38 
.33 

.43 
•39 
.34 
.29 

10" 

35- 
30. 

25. 
20. 

15. 

3-3 
2.9 
2.7 
24 
2.1 

2.5 
2.2 
2.0 
1.8 
1.5 

2.0 

1.7 
1.6 

14 
1.2 

1.6 
14 
1.3 
1.2 

I.O 

14 
1.2 
I.I 
1.0 
.89 

1.2 
I.I 
1.0 
.89 
.78 

I.I 
1.0 
.89 

.69 

Def. 

-OS 

.10 

■15 

^2 

-29 

-^8 

4* 

5" 

il.S 

Is 

.67 

.50 

.40 

47 
40 

.34 

41 
.35 
-29 

.36 
.30 

.25 

.32 

•27 
.22 

Drf. 

-04 

^7 

.// 

IS 

,21 

•27 

'34 

9" 

25- 
20. 

15. 
^3.25 

2.4 
2.1 
1.8 
1-7 

1.8 
1.6 
1.3 
1.3 

14 
1.3 
I.I 
1.0 

1.2 
1.0 

.91 
.86 

1.0 
.74 

.90 
.79 

.68 
.65 

.80 
.70 
.61 

.57 

Drf. 

.06 

.// 

./7 

.^4 

32 

42 

'S4 

Def. 

-04 

u)8 

^2 

17 

^2 

-^ 

'37 

The  figures  give  the  safe  uniform  load  in  tons,  baaed  on  ertreme  fiber  stress  of  16.000  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 
the  values  given  for  deflections.    Figures  for  deflections  are  given  in  inches. 

For  figarcs  at  right  of  heavy  zigzag  lines,  deflections  are  excessive  for  plastered  ceilings. 

TABLE  18a. 

Coefficients  of  Deflection,  Uniformly  Distributed  Loads. 

For  Concentrated  Load  at  center  use  four-fifths  the  tabular  coefficient. 


^ 

Fiber  Stress.  Pbtnids 
per  Square  Inch. 

^ 

Fiber  Stresif  Ptnnids 

^• 

Fiber  Stress.  Pounds  per  1 
Square  Inch.             | 

X6000 

14000 

zasoo 

16000 

14000 

I2S00 

Z6000 

X4000 

lasoo 

I 

2 

3 

4 
5 
6 

7 
8 

9 
10 

II 
12 
13 
14 
15 

0.017 
OJO66 
0.149 
0.265 
0414 
0.596 
0.81 1 
1.059 

I.34I 
1.655 

2X>03 

2.383 
2.797 

3-244 
3.724 

0.014 
ox>58 
0.130 
0.232 
0.362 
0.521 
0.710 
0.927 
1.173 
1448 

2!o86 

2.448 
2.839 

3.259 

0.013 
0.052 
O.I  16 
0.207 
0.323 
0466 
0.634 
0.828 

I.Q47 
1.293 

\:& 

2.185 
2.534 
2.909 

16 

17 
18 

19 
20 

21 

22 
23 
24 
25 
26 

27 
28 
29 
30 

4-783 
5.363 

l:Sf 

7.299 

8x>ii 

8.756 

9.534 

10.345 

11.189 

12.066 

12.977 
13.920 
14.897 

4.186 
4.692 
5.228 
5.793 
6.387 
7.010 
7.661 
8.342 
9.052 

9.790 
10.558 

11.354 
12.180 
13.034 

3.310 

3.737 
4.190 
4.668 
5.172 

5703 
6.259 
6.841 

8.741 

9427 

10.138 

31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 
45 

15.906 
16.949 
18.025 

19.134 
20.276 

21451 
22.659 
23.901 
25.175 
26483 
27.824 
29.197 
30.603 
31.954 
33.517 

13.918 
14.830 
15.772 
16.742 

17.741 
18.770 
19.827 
20.913 
22J02S 
23.172 
24.346 
25.548 

26.779 
28.039 
29.328 

12427 
13.241 
14^2 
14.948 
15.841 

16.759 
17.703 
18.672 
19.668 
20.690 

21.737 
22.810 

23.909 

To  find  the  deflection  in  inches  of  a  section  symmetrical  about  the  neutral  axis,  such  as  beams, 
channels,  zees,  etc.,  divide  the  coefficient  in  the  table  corresponding  to  given  span  and  fiber  stress 
by  the  depth  of  the  section  in  inches.    For  unsymmetrical  sections,  such  as  angles  and  channels 
laud  flat,  c  ivide  the  coefficient  by  twice  the  distance  from  neutral  axis  to  most  extreme  fiber. 
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TABLE  19. 

Moments  op  Inertia  of  Two  Channels,  Both  Axes. 

Flanges  Turned  Out,  Distances  from  Back  to  Back. 


Properties 

^ 

1  r 

For  Distances 

of  Two  Cbanneb, 

^ 

..— 

: 

Flanges  Turned  Out. 

< 

i 

^                                Back  to  Back. 

Depth. 

5" 

e' 

r 

8" 

1 

Weight. 

6.50 

9.00 

z^ 

10.50 

9-75 

i9.»S 

ii.as 

1375 

16.35 

i3.«5 

i5woo 

ao.00 

Area  a[% 

3-90 

5-30 

4.76 

6.x8 

S-TO 

7.ao 

6.70 

ZjcA 

9-56 

778 

8.83 

11.76 

lx-^[% 

14^8 

17.8 

a6.o 

3o.a 

4a.a 

48-* 

64.6 

7a.o 

79.8 

94.6 

101.8 

xai.6 

Flange  2[s 

34 

3l 

4 

4i 

4i 

4i 

4i 

4i 

5 

5 

5 

5i 

b 

I 

loments 

of  Inertia 

of  »  Channeb  About  Axis  Y-Y  for  Various  Distances  Back  to 

Back.     In.4.             1 

t   " 

16.4 

22.1 

20.8 

26.5 

n-l 

32.0 

31.5 

37.3 

4^.0 

38.1 

42.4 

56.0 

18.4 

24.8 

23.2 

29.7 

28.8 

35.8 

35.1 

41.6 

49.0 

42.3 

47.2 

62.3 

20.5 

27.7 

^I'l 

^11 

32.0 

39.7 

38.9 

46.1 

1^1 

46.8 

52.2 

69.0 

3* 

22.8 

30.7 

28.6 

36.6 

354 

44-0 

42.9 

50.9 

51.5 

57.5 

76.1 

25.1 

33.9 

31.6 

40.4 

38.9 

48.4 

47.1 

159, 

66.0 

tx 

63.1 

83.5 

4^ 

27.6 

37-3 

34.6 

44.4 

42.6 

53.1 

51.6 

61.2 

72.3 

68.9 

91.3 

4 

30.2 

40.8 

37.8 

48.6 

46.S 

58.0 

56.2 

66.8 

78.9 

67.1 

75.0 

99-4 

33.0 

44-5 

41.2 

52.9 

50.6 

63.1 

61.0 

72.6 

85.7 

72.8 

814 

107.9 

35.8 

48.4 

H'7 

57.5 

54.8 

68.4 

66.1 

78.6 

92.9 

78.7 

88.1 

116.8 

5J 

38.8 

^6 

48.4 

62.2 

59.2 

74.0 

71.3 

84.9 

100.3 

84.9 

95.1 

1 26. 1 

41.9 

52.2 

67.2 

63.8 

79.8 

76.8 

91.5 

108.1 

91.3 

102.3 

135.7 

4S.I 

61.0 

56.2 

72.3 

68.6 

85.8 

82.5 

98.2 

1 16.1 

97.9 

109.8 

145.7 

6 

48.4 

65.5 

60.3 

77.6 

73.6 

92.0 

88.4 

105.3 

124.5 

104.8 

1 17.6 

156.0 

^ 

Si-9 

70.2 

64.6 

IK 

78.7 

98.5 

^•5 

1 12.6 

133.2 

1 12.0 

125.6 

166.8 

6{ 

S5-5 

l^'^ 

69.0 

88.8 

84.0 

105.2 

100.8 

120.2 

142.1 

1 19.3 

133.9 

177.8 

6i 

59.2 

80.1 

73-5 

94.8 

89.5 

112.1 

107.3 

128.0 

15 14 

127.0 

142.5 

189.3 

7 

63.0 

85.1 

78.2 

100.8 

95.2 

1 19.2 

1 14.0 

1 36. 1 

160.9 

134.8 

\U 

201. 1 

7t 

67.0 

90.5 

83.1 

107. 1 

101.0 

126.6 

120.9 

144.4 

170.8 

143.0 

213.3 

7 

71.1 

96.0 

88.1 

1 13.6 

107. 1 

134.2 

1 28. 1 

^1^*2 

180.9 

151.3 

170.0 

225.9 

7% 

753 

101.7 

93-3 

120.3 

113.3 

142.0 

*354 

161.8 

191.3 

160.0 

179.7 

238.8 

8 

79.6 

107.5 

98.6 

127.2 

1 19.6 

1 50.1 

143.0 

170.9 

202.0 

168.8 

189.7 

252.1 

8 
8 

84.0 

113.5 

104.0 

134.2 

126.2 

158.3 

150.8 

180.2 

213.0 

177.8 

200.0 

265.8 

88.6 

1 19.7 

109.6 

141.5 

132.9 

166.8 

158.7 

189.8 

236.0 

187.2 

210.5 

279.8 

8 

93-3 

1 26. 1 

115.4 

148.9 

139.9 

»7S-5 

166.9 

200.0 

196.7 

221.3 

294,2 

9 

98.1 

13*6 

121.3 

156.6 

146.9 

184.4 
193.6 

175.3 

209.7 

247.9 

206.5 

2324 

309.0 

9l 

103.0 

139.3 

127.3 

164.4 

154.2 

183.9 

220.1 

260.2 

216.6 

243.7 

324.1 

9 

108.0 

146. 1 

133.5 

172.5 

161.7 

203.0 

192.8 

230.7 

272.7 

227.0 

255.3 

339.6 

91 

113.2 

153.1 

140.0 

180.7 

169.3 

212.6 

201.8 

241.5 

285.6 

235.7 

267.2 

3555 

ID 

118.5 

160.3 

1464 

189.1 

177.1 

2224 

21 1.0 

252.6 

298.7 

248.2 

279.4 

371.7 

loi 

123.9 

167.7 

153.0 

197.7 

185.1 

232.5 

220.5 

264.0 

312.1 

259.3 

291.9 

388.3 

10 

129.5 

175.2 

159.8 

206.5 

193.3 

242.8 

230.1 

275.6 

325.8 

270.5 

304.6 

405.3 

10} 

135.1 

182.8 

166.7 

215.5 

201.6 

253.3 

240.0 

2874 

339.9 

282.1 

317.6 

422.6 

II 

140.9 

190.7 

173.8 

224.7 

2 10. 1 

264.1 

250.1 

300.0 

354-2 

293.8 

330.9 

440.3 

iii 

146.8 

198.7 

181. 1 

234.1 

218.8 

275.0 

260.3 

311.9 

368.8 

305.1 

344.5 

4584 

11} 

152.8 

206.8 

188.4 

243.6 

227.7 

286.2 

270.8 

324.5 

383.8 

317.9 

358.3 

476.9 

"i 

159.0 

215.2 

196.0 

253.4 

236.7 

297.6 

281.5 

3374 

399.0 

330.3 

3724 

495.7 

12 

165.3 

223.7 

203.7 

263.4 

246.0 

309.3 

2924 

350.5 

414.5 

343.0 

386.8 

514.8 
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TABLE  19.— Continued. 

MoMBNTs  OF  Inertia  of  Two  Channels,  Both  Axes. 

Flanges  Turned  Out,  Distances  from  Back  to  Back. 


•S]      i      \F^ 

Properties 

! 

For  Disunoet 

of  T^  Chaimek.                             ^..- 

—f-  ■■ 

■-or                                Measured  from 

Flaages  Tamed  Out.                          ^ 

^                                BacktoBack. 

^ 

<--^i-— > 

sd 

P|t 

Depth, 

..        1 

12" 

1 

W«ght. 

15.00 

S5.00 

ao.50 

25.00 

30.00 

35.00 

33-00 

35-00 

40xx> 

45.00 

5oxx> 

55.00 

Area  2  [s 

8.9a 

11.76 

X4.70 

Z2.06 

14.70 

^7.64 

ao.58 

19.80 

ao.58 

21.52 

26.48 

29.4a 

ilo^ 

Ix^l« 

Z33.8 

«57.4 

182,0 

as6.a 

a8B.o 

^•^ 

358.6 

625.2 

640.0 

695.0 

750.2 

805.4 

Flaui^s[s, 

5i 

5i 

5f 

6 

6J 

61 

6* 

7 

7 

7i 

7h 

7i 

b 

5  " 

92.5!  1 19.4 

149-9 

131.6 

157.5 

188.5 

221.8 

231.3  1   239-6!   272.3!   306.9!   3434 

381.7 

si 

99.6  1287 

161.6 

I4I.5 

1694 

202.8 

238.5 

247-9 

256.8 

292.0 

329.0     368.2 

409.1 

si 

107.0  138-4 

173.8 

I517 

181.8 

217.6 

255.9 

265.1 

274.7 

3124 

352-0 

393.8 

437.5 

si 

1 14.7. 148.5 

1864 

162.3 

194.6 

233.0 

273.9 

283.0 

293.2 

333-5 

375-9 

4204 

466.9 

6 

122.7158-9 

199-4 

173.3 

207.9 

248.9 

292.6 

301.5 

3124 

3554 

400.5 

447.9 

497.3 

6i 
6i 

13 1.0' 169.7 

213.0 

184.6 

2217 

2654 

311.9 

320.6 

332.2  '   378.0 

426.0 

4764 

528.8 

139.5  180.9 

227.0 

1964 

235-9 

282.5 

331.9 

340.3 

352.7  ,   401.3 

452-3 

SO5.7 

561.2 

6i 

148,3  1924 

2414 

208.5 

250.5 

300.0 

352.5 

360.6 

373.8 

425.0 

479.5 

536.0 

594.7 

7 

1574  204.3 

256.3 

221.0 

2657 

318.2 

373.8 

381.S 

3955 

450.2 

S07-S 

567.2 

629.1 

7i 

166.8216,6 

2717 

233.8 

281.2 

336.9 

395.7 

403.1 

417.9 

475.8 

536.2 

599-3 

664.6 

7 

1764:229.2 

;  287.5 

247.1 

297-3 

356.1 

418,2 

425-3 

440.9 

502.1 

565-9 

632.3 

701. 1 

7i 

186.3  J242.2 

303.8 

260.7 

313-8 

375-9 

4414 

448.1 

464.6 

529.1 

596.3 

666.2 

738.6 

8 

196,6:255.5 

'  320.6 

274.7 

330.8 

396.3 

465.3 

471-5 

489.0 

556.9 

627.6 

701. 1 

777.1 

8 

207.0,269.2 

337.8 

289.1 

348.2 

417.2 

489.7 

495-5 

513.9 

585.3 

659.7 

736.9 

816.6 

8 

217.81283.3 

3555 

303-8 

366.1 

438.6 

514.8 

520.2 

539-5 

614.6 

692.6 

77.6 

857.2 

8 

228.8,297.8 

1  3.3.6 

318.9 

3844 

46a6 

S40.6 

545.5 

565.8 

644.5 

7264 

811.2 

898.7 

9 

240.2 

312.7 

;  392.2 

3344 

403.2 

483.2 

567.0 

5714 

592.7 

675.2 

761.0 

849.8 

941.3 

9 
9 

251.7 

327-9 

41 1.2 

350.3 

422.5 

506.3 

594.0 

597.9 

620.3 

706.7 

7964 

889.2 

984.9 

263.613434 

430.7 

366.6 

442.2 

530.0 

621.7 

625.0 

648.5 

738.8 

8327 

929.6 

10294 

9i 

27S.8  3S94 

,  450-7 

383.2 

4624 

SS4.2 

650.0 

652.8 

677.3 

771-7 

869.8 

970.9 

1075.0 

ID 

288.2  3757 

'  471.1 

400.2 

483.0 

578.9 

679-0 

681.2 

767 

8054 

907-7 

1013.2 

II2I.6 

la 

300.9  392.3 

,  492.0 

417.6 

504.1 

604.2 

708.6 

7 10. 1 

736.9 

839.7 

946.4 

10564 

1 169.2 

TO 

313.94094 

'  513. 

435.'' 

525.6 

630.1 

738.8 

739-7 

767.6 

874-8  i  958.9 

1 100.4 

I2I7.9 

lO 

327.2  426.8 

1  535.2 

453.5 

S47-7 

656.5 

769.8 

770.0 

799.0 

910.7 

1026.3 

1 1454 

1267.5 

II 

340.7444-6 

1  5574 

472.0 

570.1 

683.5 

8014 

800.8 

830.9 

947-3 

1067.6 

1191.2 

I3I8.I 

II 

354.6  462.7 

i  580.1 

490.9 

593.1 

711.0 

833-6 

832.3 

863.6 

984.6 

1 109.6 

1238.1 

1369.8 

II 

368.7  481.2 

603.3 

510.2 

616.5 

739.1 

8664 

8644 

896.9 

1022.6  1 1 152.5 

1285.811422.5 

II 

383.1  500.1 

627.0 

5399 

640.3 

767.7 

899.9 

897.1 

930.9 

10614.1196.2 

13344  1476.2 

12 

397.7  5194 

'  651.0 

549.8 

664.6 

796.8 

934.0 

9304 

965.5 

1 100.9  1240.7 

1384.0  1530.9 

12 

412.7  539-0 

j  675.5 

570.2 

6894 

826.6 

964-3 

1000.7 

1 14 1. 2  1 1286.0 

1434.5  1586.6 

12 

427.9,558.9 

700.6 

591.0 

714.6 

856.8 

1004. 1 

998.9 

1036.6 

1 182.2  ;  1332.2 

1485.911643,3 

12 

443-4:579-3 

,  726.0 

612.1 

740.3 

887.7 

1040.2 

1034.1 

1073.2 

1223.9   1379.2 

1538.2. 1701.0 

'3, 

459.2  600.0 

'  752.0 

633-7 

766.5 

919.0 

1076.9 

1069.9 

1 1 104 

1266.3    1427.1!  1591.5!  1759.7 

13 

475.2I621.1 

'  7784 

655.6 

793-1 

951.0 

1 1 14.2 

1 106.3 

1 148.2 

1309.511475.7   16457:1819.5 

13 
i3i 

491.6  642.5 

805.2 

677.9 

820.2 

9834 

1 152.2 

1 143.3 

1 186.6 

1353.5  1 1525.2   1700.8  ,1880.2 

5o8.2i6644 

832.6 

700.6 

847-7 

1016.5 

1 190.8 

1181.0 

12257 

1398.I    1575.5    1756.8(1942.0 

H, 

525. 1 '686.6 

860.3 

723.6 

875.7 

1050. 1 

1 230. 1 

1219.2 

1265,5 

1443.5   1626.7   1813.7,2004,8 

*4 

i4i 

542.3709.1 

:  888.6 

747.0 

904.1 

1084.2 

1270.0 

1258.1 

1305.9  1489.7   1678.6  : 1 87 1. 6  j 2068.6 

559-7  732.0 

1  917.3 

770.8 

933.1  III18.9 

13 10.5 

1297.6 

1347.0  11536.5   173 14  1 19304  21334 

i4i 

5774,7553 

I9464 

795.0 

9624 

1154.1 

1351-7 

1337.8 

1388.6 

1584,1    1785.0   1990.0  2199.2 

IS, 

595.5789.0 

976.0 

819.S 

992.3 

1 189.9 

1393.6 

1378.5 

1431.O 

1632.4  1839.5   2050.7,2266.0 

IS 

613  71803.0 

,1006.1 

8445 

1022.5 

1226.2 

1436.0 

1419.9 

1473.9 

1681.5  ,1894.8  ,2112.2  ,2333.9 

IS 

632.3:8274 

,10367 

869.8 

1053.3 

1263. 1 

1479-2 

1461.9 

15 17.5 

173 1.3    1950.9 

2174.6  2402.7 

*l* 

651.2  852.1 

1067.6 

895s 

1084.5 

1300.5 

1522.9 

1504.5 

1561.8 

178 1. 9   2007.8 

2238.0  2472.6 

i6 

670.4877.1 

;o22:L 

SliLS. 

1116.1 

i«8.5 

1567.^ 

liiZi 

16067 

1833. I    2065.6 

2302.3  2543.5 
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TABLE  20.  ^ 
MoMBNTS  OF  Inertia  of  Two  Chankels,  Both  Axes. 
Flanges  Turned  In,  Distances  from  Back  to  Back. 


C'" 

! 

'^ 

1 

Por  Distances 

of  Two  Chaimels, 

IX- 

—  "T~ 

[■•              "*■ 

Measured  from 

Fbnget  Ttuned  ia. 

Back  to  Back. 

Depth. 

7* 

t 

1 

1 

1 

Weight. 

9.75 

w.as 

11.95 

«3.7S 

16.35 

>3.a5 

X5JOO 

aodoo 

15.00 

ao.00 

as  00 

Arats[s 

5.70 

7.ao 

6.70 

BaA 

9.56 

7.7; 

8.8s 

11.76 

8.9« 

11.76 

i8sx> 

w2'[« 

T 

1-* 

r 

r 

1^ 

^e 

101.8 

131.6 

r 

T 

b 

1 

lomeats  of  Inertia  ol 

•  a  Channeb  about  Axis  Y-Y  for  Various  Distances  Back  to  Back.    la.^ 

1. 

7" 

51-7 

66.0 

59.9 

73.1 

93.6 

68.6 

78.6 

104.8 

77.6 

104.0 

128.7 

7i 

56.0 

714 

64.9 

79.2 

744 

85.1 

II3.6 

84.1 

II  2.7 

139.5 

7 

60.5 

77.1 

70.2 

85.5 

lOI.I 

86!^ 

92.0 

122.7 

90.9 

121.7 

150.8 
162.5 

71 

65.i 

83.0 

75.6 

92.1 

108.9 

99.1 

132.2 

98x> 

131.I 

8 

70.0 

89.2 

81.2 

98.9 

1 17.0 

93.1 

106.5 

I42.I 

1054 

140.9 

174.7 

H 

75-0 

95-5 

87X) 

io6x> 

125.3 

99.8 

114.1 

152.3 

162.9 

1 13.0 

151.1 

1874 

8 

80.2 

I02.I 

93.1 

"33 

134.0 

106.8 

I22X> 

120.9 

161.6 

200.5 

H 

85.S 

108.9 

994 

120.9 

143.0 

II4X> 

130.3 

173.8 

129.1 

172.5 

214.1 

9 

91.1 

1 16.0 

105.8 

"5-2 

152.3 

1214 

138.7 

185.2 

137.6 

183.7 

228.1 

9i 

96.8 

123.2 

112.5 

136.8 

I6I.8 

129.1 

147.5 

196.8 

146.3 

1954 

242.6 

9t 

102.7 

130.7 

1 194 

145.J 

I7I.7 

137.I 

^iH 

208.9 

1553 

2074 

257.5 

9l 

108.8 

1384 

126.5 

153.8 

181. 9 

145.3 

165.8 

221.3 

164.7 

219.7 

272.9 

10 

115.0 

1464 

133-8 

162.6 

1924 

153-7 

1754 

234.1 

174.2 

2324 

288.8 

loi 

I2I.5 

1545 

141.3 

171.7 

203.1 

162.3 

185.3 

^:i 

184.1 

245.5 

305.1 

lO 

I28.I 

162.9 

149.0 

181. 1 

214.2 

171.2 

1954 

194.2 

259.0 

321.9 

10  ; 

1349 

171.5 

157.0 

190.7 

225.6 

1804 

205.8 

274-7 

204.7 

272^ 

339.2 

II 

I4I.9 

180.4 

165.1 

200.5 

237.2 

189.8 

216.5 

289.0 

2154 

287.0 

356.9 

II 

149.0 

1894 

173.5 

210.0 

249.* 
261.5 

1994 

227.5 

3°2-^ 

226.3 

301.6 

375.0 

II 

156.3 

198.7 

182.0 

221.0 

209.3 

238.7 

318.6 

237.6 

316.5 

393.7 

II 

163.8 

208.2 

190.8 

231.6 

274-1 

2194 

250.2 

334.0 

249.1 

331.8 

412.7 

12 

I7I.5 

218.0 

199.8 

242.5 

286.9 

229.8 

262.0 

HH 

261JO 

363.5 

432.3 

12} 

179-4 

227.9 

209.0 

a53.6 

300.1 

2404 

3« 

365.8 

273.1 

452.3 

12 

1874 
195.6 

238.1 

.  2184 

26KJO 
276.6 

313.6 

251.3 

382.3 

2854 

379.9 

472.8 

121 

248.5 

228.0 

317.3 

2624 

299.1 

399.2 

298.1 

396.7 

493.7 

13 

204.0 

259.2 

237.8 

288.5 
300.6 

341-3 

273.7 

312.0 

4164 

311.0 

413.8 

515.1 

'3l 

212.6 

270.0 

247.8 

355-7 

285.3 

^^H 

433-9 

324.2 

431.3 

536.9 

131 

2214 

281. 1 

&i 

313.0 

370.3 

297.1 

338.6 

451.9 

337.7 

449.2 
4674 

559.2 

I3i 

230.3 

2924 

325.6 

385.3 

309.2 

352.3 

470.2 

351-5 

582.0 

14 

a39.4 

304.0 

279.1 

338.5 

400.5 

321.5 

3?l 

488^ 

365-5 

486.0 

605.2 

Ht 

248.7 

315.7 

289.9 

351.7 
365.1 

416.1 

Sit 

380.6 

507.9 

379-8 

505.0 

628.9 

H 

258.1 
267.8 

327-7 

301.0 

432.0 

395.1 

527.3 

390.5 

5244 

653.0 

141 

339-9 

3  "3 

378.7 

448.1 

359.9 

409.9 

547.0 

409.3 

544.1 

677.6 

15 

277.6 

35M 

323.8 

^?ii 

464.5 

373-2 

425.0 

567.2 

424.5 

564.1 

702.6 

'5J 

287.6 

365.0 

335.5 

406.8 

481.3 

386.7 

4404 

^i 

439.9 

584.6 

728.1 

15 

297.8 

377.9 

3474 

421.2 

498.3 

400.5 

456.0 

455.7 

626.1 

U^^ 

isi 

308.1 

391.0 

359.5 

435.8 

515.7 

414-5 

472X) 

6a9-9 

471.7 

780.5 

16 

318.7 

4044 

371.9 

450.7 

533.3 

428.8 

488.2 

651.5 

487.9 

648.1 

8074 

16} 

3294 

417.9 

3«44 

465.9 

55x3 

443-3 

504.7 

m 

504.5 

670.0 

834.8 

16 

3403 

43x7 

397.* 

481.3 

569.5 

458.0 

5214 

521.3 

692.3 

862.6 

i6| 

351.3 

445.7 

410.1 

497.0 

473.0 

5384 

718.6 

5384 

715.0 

890.9 

17 

362.6 

46ox> 

4*3.3 

512.9 

606.9 

488.2 

555-8 

u 

555.8 

738.0 

919.6 

17 

3740 

4744 

436.6 

549.1 

626x> 

503.7 

573.3 

573.5 

761.3 

948.8 

17 

385.6 

489.1 

562.2 

P 

5194 

591.2 

5914 

785.1 

9784 

1006.5 

1039.1 

171 

3974 

504.0 

535.3 

609.3 

8IJ.1 

609.7 

809.2 

18 

402J. 

S'9'> 

.iZSio. 

579' 

«S4. 

5S'6 

627.7 

?J7-«.. 

628.2 

8337 

40 


TABLE  20.^CoHiinued. 
MoMBNTs  OF  Inertia  of  Two  Channels,  Both  Axes. 
Flanges  Turned  In,  Distances  from  Back  to  Back. 


1 

p=» 

r 

of  Two  "Channel..                           -^^ 

[ 

-X 

For  Distances 
Measured  from 

Flanges  Toraed  In.                            ^ 

1 

L— - 

Back  to  Back. 

I 

Depth. 

la" 

X. 

!" 

Weight. 

ao.5 

«s 

30 

35 

40 

33 

35 

40 

45 

so 

55 

Area  2  [s 

ia.o6 

*i'J^ 

17.64 

*;58 

as-sa 

p-fc 

ao.58 

a3-5a 

a6.48 

99.4a 

8^4 

wS*a[*» 

356.3 

A 

a88x> 

1 

3*3.4 

s 

358.6 

^ft 

6a5.a 

H 

640.0 

695-0 

T 

%^ 

b 

Moments  of  Inertia  of  a  Channels  About  Axis  Y-Y  for  Various  Distances  Back  to  Back.     In.^.                1 

9" 

181.6 

223.8 

268.2 

309.9 

349.0 

288.., 

3004 

343.7 

385.5 

424.6 

461.9 

9 

1932 

238.1 

2854 

329.8 

371.6 

307.1 

319.8 

366.0 

4104 

452.2 

492.1 

9 

205.2 

252.8 

303.0 

3504 
371.6 

394-9 

326.3 

339.9 

388.9 

436.3 

480.8 

5234 

9i 

217.6 

268.0 

321.3 

418.9 

346.2 

360.6 

412.6 

462.9 

510.3 

5557 

lO 

2304 

283.7 

340.1 

3934 

443.7 

366.7 

381.9 

437.0 

4904 

540.7 

589.0 

lO 

a43.S 

299.8 

3594 

415.9 

469.2 

387.9 

403.9 

462.2 

518.7 

572.0 

623.3 

la 

257.1 

316.3 

379.3 

439.0 

495.5 

409.6 

426.5 

488.1 

547.8 

6042 

658.6 

lO 

270.9 

333.3 

399.7 

462.7 

522.5 

432.0 

449.8 

514.7 

577.8 

6374 

694.9 

II 

285.2 

350.9 

420.7 

487.2 

550.2 

455.0 

473.7 

542.1 

608.5 

671.5 

732.2 

II 

299.9 

368.8 

442.3 

512.2 

578.7 

478.6 

498.3 

570.2 

640.2 

706.5 

770.6 

II 

314.9 

387.^ 

4644 

537.9 

607.9 

502.8 

523.S 

599.0 

672.6 

7424 

809.9 

II 

330.3 

406.0 

487.0 

564-2 

637.9 

527.7 

549.3 

628.6 

705.9 

779  3 

850.3 

12 

346.1 

4*54 

510.2 

591.2 

668.5 

5S3.I 

575.8 

658.9 

739.9 

817.0 

891.7 

12 

362.2 

4654 

534.0 

618.8 

699.9 

579-2 

602.9 

690.0 

774-9 

855.7 

934.1 

12 

378.8 

558.3 

647.1 

732.0 

605.9 

630.7 

721.7 

810.6 

895.3 

977.5 

12 

3957 

486.1 

583.1 

676.0 

764.9 

633.2 

659.1 

754.3 

847.2 

935.8 

1021.9 

13 

413.0 

507.3 

608.5 

705.6 

798.5 

661.1 

688.2 

787.5 

884.6 

977-3 

10  7.3 

13 

430.6 

528.9 

634.5 

735.8 

832.8 

689.7 

717.9 

821.5 

922.8 

1019.6 

1113.8 

13 

448.7 

551.0 

661.0 

766.6 

867.9 

718.9 

748.2 

856.2 

961.9 

1062.9 

1161.2 

13! 

467.1 

573.6 

688x> 

798.1 

903.7 

748.7 

779.2 

891.7 

1001.8 

1107.1 

1209.7 

H, 

48S.9 

596.6 

'  715.7 

830.2 

940.3 

779.1 

810.8 

927.9 

1042.5 

1 152.3 

1259. 1 

14* 

505.0 

620.1 

743.8 

863.0 

977.6 

810.1 

843.1 

964.8 

1084.0 

1 198.3 

1309.6 

hJ 

514.6 

s^: 

772.5 

8964 

1015.6 

841.7 

876.0 

10024 

II26..£ 
1 169.6 

1245.2 

1361.1 

Hi 

5445 

801.8 

9304 

1054.3 

874.0 

909.6 

1040.8 

1293.1 

1413.6 

IS, 

564.8 

693.2 

831.6 

965.1 

1093.8 

906.9 

943.8 

1080.0 

I213.6 

1341.9 

1467.1 

'5J 

iH'l 

718.5 

862.0 

1000.5 

I134.0 

9404 

978.7 

1119^ 

12584 

1391.7 

1521.7 

IS 

606.6 

7443 

892.9 

1036.5 

1 175.0 

974.5 

1014.2 

1 160.4 

I3O4.I 

1442.3 

1577.2 

ist 

628.0 

770.5 

9244 

1073.1 

1216.7 

1009.3 

1050.3 

I2OI.7 

1350.6 

1493.9 

1633.7 

i6 

649.8 

797-2 

9564 

1 1 10.3 

1259.1 

1044.6 

1087. 1 

1243.8 

1397.9 

1546.3 

1691.3 

i6i 

672.0 

824.3 

989.0 

1 148.2 

1302.3 

1080.6 

1 124.5 

1286.6 

I446.I 

1599.7 

1749.9 

i6| 

694.5 

851.9 

1022.1 

1 186.8 

1346.2 

1117.2 

1 162.6 

1330.2 

H9S.I 

1654.0 

18094 

i6i 

717.5 

879.9 

1055.8 

1226.0 

1390.8 

"544 

1201.3 

13744 

15449 

1709.3 

1870.0 

17 

7^;5 

908.5 

1090.0 

1265.8 

1436.2 

1 192.2 

1240.6 

I4I94 

1595.5 

17654 

193 1.7 

'7J 

9374 

1 1 24.8 

1306.3 

1482.3 

1230.7 

1280.6 

1465.2 

1647.0 

1822.5 

1994.3 

17* 

788.6 

966.9 

1 160. 1 

13474 

1529.1 

1269.8 

1321.3 

I5II.7 

1699.3 

1880.5 

2057.9 

I7l 

813.0 

996.8 

1 196.0 

1389.2 

1576.7 

1309.5 

1362.5 

1558.9 

1752.5 

19394 

2122.5 

i8 

837.8 

1027. 1 

12324 

143 1.6 

1625.0 

1349.8 

1404.5 

1606.8 

18064 

1999.2 

2188.2 

i8i 

863.0 

1057.9 

12694 

1474.7 

1674.0 

1390.7 

1447.0 

1655.5 

1861.2 

2060.0 

2254.8 

18} 

888.6 

1089.2 

1306.9 

15184 

1723.8 

1432.3 

1490.2 

1704.9 

1916.8 

2121.6 

2322.5 

i8i 

914.6 

1 1 20.9 

1345.0 

1562.8 

1774-3 

1474.4 

1534.1 

I755.I 

1973.3 

2184.2 

2391.2 

'9, 

940.9 

"531 

1383.6 

1607.7 

1825.6 

1517.2 

1578.6 

1806.0 

2030.5 

2247.7 

2460.8 

i9i 

967.6 

1185.8 

1422.8 

1653.3 

1877.5 

1560.6 

1623.7 

1857.6 

2088.6 

2312.2 

2531.6 

i9i 

994.7 

1218.9 

1462.5 

1699.6 

1930.3 

1604.6 

1669.5 

19 10.0 

2147.5 

2377.5 

I9f 

1022.2 

12524 

1502.8 

1746.5 

1983.7 

1649.3 

1715.9 

I963.I 

2207.3 

2443.8 

2676.0 

20 

10500 

1286.5 

1543.6 

1794-1 

2037.9 

1694.5 

1763.0 

2016.9 

2267.8 

2r 

•» 

42 
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TABLE  21. 

Moments  of  Inertia  of  Two  Channels,  Both  Axes. 

Flanges  Turned  In,  Distances  Inside  to  Inside  of  Web. 


— 

r 

Pfoi>ertie« 

"S- 

1 

-X 

For  Distances 

ofT 

wo  t^nanneis. 

2r— I 

i —  * 

) 

Measured  from 

Flanget  Turned  In. 

(...._ 

17-1 

Inside  to  laaide  of  Web. 

1 

L  r  ^ 
f 

Depth. 

7 

1 

9 

1 

Weight. 

9-75 

Z3.35 

xi.aS 

X3-7S 

i6.a5 

»3.a5 

15.00 

ao.00 

15.00 

ao.00 

a5A» 

Areaafs 

5.70 

7.» 

6.70 

8.08 

9-56 

7.78 

8.8a 

1T.76 

8.9a 

11.76 

14.70 

Web  3[s 

%' 

... 

r 

T 

1i' 

r 

101.8 

131.6 

i 

r 

T 

i8a.o 

b 

Momei 

Its  of  Inert 

tia  of  a  Channels  About  Axis  Y-Y  for  Various  Distances  Inside  to  Inside  of  Web. 

In.«. 

7" 

591 

80.4 

68.9 

88.6 

110.5 

Ss£ 

94-2 

138.1 

904 

131.5 

177.7 

7i 

63.7 

86.4 

74.3 

953 

1 18.6 

101.4 

148.1 

974 

141.3 

190.5 

7 
7i 

68.4 

92.7 

79.8 

102.2 

127.0 

92.1 

108.9 

158.6 

104.8 

151.5 

203.7 

734 

99.2 

85.7 

109.5 

135.8 

98.7 

1 16.6 

1694 

1 124 

162.0 

2174 

8 

78.S 

105.9 

91.6 

116.9 

144.8 

105.7 

124.6 

180.6 

120.3 

172.9 

231.5 

8i 

83.8 

II2.8 

97.8 

124.6 

154.2 

112.8 

132.9 

I92.I 

128.4 

184.2 

246.1 
261.2 

8| 

89.3 

120.0 

104.3 

132.6 

163.8 

120.2 

141.5 

201.0 
216.3 

136.9 

195.8 

8i 

9S.O 

1274 

IIO.9 

140.8 

1737 

127.9 

150.3 

145.6 

207.8 

276.7 

9, 

100.8 

135.0 

II7.7 

149.2 

184.0 

135.8 

159.5 

229.0 

154.6 

220.2 

292.7 

9i 

106.9 

142.8 

124.8 

158.0 

194.5 

143.9 

168.9 

242.0 

163.9 

233.0 

309.1 

9t 

113.1 

150.9 

132.0 

166.9 

205.3 

152.3 

178.5 

2554 

173.5 

246.1 

326.0 

91 

1 19.4 

159.2 

139.5 

176.2 

216.5 

160.9 

188.5 

269.1 

183.3 

259.5 

3434 

ID 

126.0 

167.7 

147.2 

185.6 

227.9 

169.8 

198.7 

283.2 

1934 

%n 

361.2 

10^ 

132.7 

176.4 

I55.I 

1954 

239.6 

^ll'^ 

209.2 

297.7 

203.8 

379.5 

lOf 

139.6 

185.4 
194.6 

163. 1 

205.3 

251.6 

188.3 

220.0 

312.6 

214.5 

302.2 

398.2 

lo} 

146.7 

I7I.5 

215.8 

264/) 

197.9 

231.1 

327.8 

225.5 

317.1 

4174 

11 

154.0 

204.0 

180.0 

226.1 

276.6 

207.7 

2424 

3434 

236.7 

3324 

437.0 

iii 

161.5 

213.6 

188.7 

236.8 

289.5 

217.8 

254.0 

3594 

260.0 

348.1 
364.2 

457.2 

III 

169. 1 

223.5 

^^A 

247.8 

302.7 

228.1 

265.9 

375-7 

477-7 

Ilf 

176.9 

233.6 

206.8 

259.0 

316.3 

238.7 

278.0 

3924 

272.1 

380.6 

498.7 

12 

184.9 

243.9 

216.1 

270.5 

330.1 

249-5 

290.4 

4094 

2844 

3974 

520.2 

12} 

i93/> 

254.5 

225.7 

282.3 

5^5 

260.6 

303.2 

426.9 

2971 

414.5 

542.2 

12} 

2014 

265.2 

2354 

294.3 
306.5 

358.6 

271.9 

316.2 

462.8 

310.0 

43*0 

564.6 

I2i 

209.9 

276.2 

2454 

373.3 

2834 

3294 

323.2 

449-9 

587.5 

13 

218.6 

287.4 

255.6 

319.0 

388.3 

295.2 

342.9 

481.3 

336.6 

468.2 

610.8 

13* 

227.4 

298.9 

266.0 

331.8 

403.6 

307.3 

356.7 

500.2 

3504 

486.8 

634.6 

13J 

236.S 

310.5 

276.6 

344.8 

419.2 

319.5 

370.8 

519.5 

505.8 

658.8 

u! 

HS'7 

3224 

2874 

358.1 

435.x 

332.0 

385.2 

539.1 

378.7 

525.1 

683.5 

14 

255.1 

334.5 

2984 

371.6 

4514 

344.8 

399.8 

559.1 

393-3 

544-8 

708.7 

Hi 

264.7 

346.9 

309.7 

385.3 

467.9 

357.8 

414.7 

579.5 

408.1 

564.9 

734.3 

Hi 

274-5 

3594 

321. 1 

3994 
413.6 

484.7 

371.1 

429.9 

600.2 

423.3 

5854 

7604 

Hi 

2844 

372.2 

332.8 

501.8 

384.5 

4454 

621.3 

438.7 

606.2 

786.9 

15 

2945 

385.2 

3^-7 

428.2 

519.2 

398.3 

461.1 

6i2.8 

4544 

6274 

813.9 

^^i 

304.8 

398.5 

442.9 

536.9 

412.3 

477.1 

604.6 

:s:i 

649.0 

8414 

IS 

315.3 

411.9 

458.0 

554.9 

426.5 

4934 

680.9 

670.9 

869.3 

isi 

326.0 

425.6 

381^5 

473-2 

573.2 

440.9 

510.0 

7094 

503.1 

693.2 

897.7 

16 

336.8 

4395 

394.2 

488.8 

591.8 
6ia7 

455.6 

526.8 

7324 

519.9 

715-9 

926.5 

16J 

347.8 

^ 

407.1 

504.6 

470.6 

543.9 

755.7 

537.0 

738.9 

955.8 

i6i 

359.0 

420.2 

520.6 

629.9 

485-8 

561.3 

779.3 

554.4 

762.3 

985.6 

i6i 

3704 

482.6 

433-5 

536.9 

6494 

501.2 

579.0 

8034 

572X) 

786.1 

1015.8 

17 

381.9 

4974 

460^8 

5534 

669.1 

516.9 

596.9 

827.8 

IS:? 

810.2 

1046.5 

'7i 

393.6 

512.5 

570.1 

689.3 

532.8 

615.2 

852.6 

834.7 

1077.6 

17 

405.5 

527.7 

474.8 

^l 

709.6 

549.0 

633.6 

877.7 

626.7 

859.6 

1109.2 

'J* 

417.6 

543.2 

488.9 

730.3 

5654 

6524 

903.2 

asi 

884.8 

1141.3 

18 

429.9 

558.9 

503.3 

622.1 

75i-3 

582.0 

671.5 

929.1 

9104 

1173.8 

42 


TABLE  21.— CatUinued. 

Moments  of  Inertia  of  Two  Channels,  Both  Axes. 

Flanges  Turned  In,  Distances  Inside  to  Inside  of  Web. 


p3 

Properties 

1 

For  Distances 

of  Two  Cluumels, 

X— 

-— - 

j — 

r 

"X                            Measured  from 

flanges  Turned  in. 

Uside  to  Inside  of  Web. 

^ 

Depth. 

xa" 

"     1 

Wei^fit. 

«>.s 

as 

30 

35 

40 

33 

35 

40 

45 

50 

55 

Areaa[s 

za.o6 

ifc^ 

17.64 

ao.58 

a3.5» 

X9.80 

ao.58 

33.5a 

36.48 

39.42 

ijj: 

>^*[« 

.56.3 

3«3-4 

358.6 

394.0 

635.9 

640.0 

«95.o 

750-3 

805.4 

A 

i 

X 

<i 

xA 

ii 

i 

lA 

li 

xA 

x| 

b 

Momei 

Dts  of  Iner 

In*. 

9" 

208.2 

269.9 

342.1 

417.9 

497.2 

350.3 

369.2 

441.8 

518.0 

5964 

678.2 

9i 

220.7 

285.6 

361.5 

44I.I 

524.2 

370.9 

390.8 

467.1 

547.1 

629.4 

715.I 

9| 
9i 

2335 

301.7 

381.4 

464.9 

552.0 

392.2 

413.0 

493.2 

577.0 

663.2 

753.0 

246.7 

318.4 

401.9 

489.3 

580.5 

414.0 

435.9 

519-9 

607.8 

698.0 

791.9 

ID 

260.4 

3354 

423.0 

5144 

609.7 

436.5 

459.5 

5474 

639.4 

733.7 

831.8 

loj 

274-3 

353.0 

444-6 

540.2 

639-7 

459-6 

483.7 

575.7 

671.8 

770.3 

872.7 

loi 

288.7 

371.0 

466.7 

566.6 

6704 

4834 

508.5 

604.7 

705.0 

807.9 

914.6 

lol 

303-4 

389.5 

4984 

593.6 

701.9 

507.7 

533.9 

6344 

739.1 

8464 

957-6 

II 

318.6 

408.4 

512.7 

621.3 

734-1 

532.7 

560.0 

664.8 

774-0 

885.7 

1001.5 

334.0 

427.8 

536.5 

649.6 

767.0 

558.3 

586.8 

696.0 

809.7 

926.0 

1046.5 

350.0 

447.6 

560.9 

678.6 

800.6 

584.5 

614.2 

727.9 

846.3 

967.3 

1092.4 

II 

366.1 

467.9 

585.8 

708.2 

835.0 

61 1.3 

642.2 

760.6 

883.6 

10094 

"394 

12 

382.8 

488.7 

611.2 

7384 

870.2 

638.7 

670.9 

794.0 

921.8 

1052.5 

1 1874 

12} 

I2I 

399-8 

510.0 

637.2 

769.3 

906.0 

666.8 

700.2 

828.1 

960.9 

10964 

12364 

417.2 

531.6 

800.9 

942.6 

695.5 

730.2 

^l'"^ 

1000.7 

1141.3 

1286.4 

12} 

434-9 

553.7 

690.9 

833.0 

979.9 

724.8 

760.8 

898.5 

10414 

1 187.2 

1337.5 

13 

4S3-0 

576.3 

718.6 

865.9 

1018.0 

754.7 

792.0 

934.9 

1082.9 

1233.9 

1389.5 

I3i 

471.6 

599.4 

746.8 

899.3 

1056.8 

785.2 

824.0 

971.9 

1125.3 

1281.5 

1442.5 

13} 

4904 

622.9 

775-6 

9334 

1096.3 

816.4 

856.5 

1009.7 

1 168.5 

1330.1 

1496.6 

i3i 

509.7 

646.9 

804.9 

968.2 

1 136.6 

848.2 

889.7 

1048.2 

1212.5 

1379.6 

1551.7 

14 

529-3 

671.3 

834.8 

1003.6 

1 177.6 

880.5 

923.5 

1087.6 

1257.3 

1430.0 

1607.8 

Hi 

549-4 

696.2 

865.2 

1039.6 

1 219.4 

913.5 

958.0 

1 127.6 

1302.9 

14814 

1664.9 

Hi 

569-7 

721.6 

896.2 

1076.3 

1261.8 

947.2 

993.1 

1168.3 

13494 

1533.6 

1723.0 

hI 

590-5 

7474 

927.6 

1113.6 

1305.0 

9814 

1028.9 

1209.8 

1396.7 

1586.8 

1782.1 

IS 

61 1.7 

773.6 

959.8 

1151.6 

1349.0 

1016.3 

1065.2 

1252.0 

1444-9 

1640.9 

1842.2 

isl 

633.2 

800.4 

9924 
1025.6 

1 190.2 

1393.7 

105 1.8 

1 102.3 

1294.9 

1493.8 

1695.9 

19034 

15I 

655.1 

827.6 

1229.5 

1439.1 

1087.9 

1 140.0 

1338.6 

1543.6 

1751.9 

1965.5 

isl 

677-4 

855.2 

1059.3 

1269.3 

1485.2 

1 1 24.6 

1 178.3 

1383.0 

1594.3 

1808.7 

2028.7 

16 

700.0 

883.3 

1093.6 

1309.9 

1532.1 

1161.9 

I217.3 

1428.2 

^^f^ 

1866.5 

2092.8 

16} 

723.0 

91 1.9 

1 1 284 

1351.1 

1579.7 

1 199.9 

1256.9 

1474. 1 

1698.0 

1925.1 

2158.0 

i6| 

746.5 

940.9 

1163.8 

1392.9 

1628.0 

1238.5 

1297-1 

1520.7 

1751.1 

1984.8 

2224.2 

i6| 

770.2 

9704 

1 199.7 

14354 

1677.1 

1277.7 

1338.0 

1568.0 

1805.0 

2045.3 

22914 

17 

7944 

10004 

1236.2 

1478.5 

1727.0 

13 17.5 

1379.6 

1616.1 

1859.8 

2106.7 

2359.6 

I7i 

818.9 

1030.8 

1273.2 

1522.2 

1777.6 

1357.9 

1421.8 

1664.9 

1915.3 

2169.1 

2428.9 

^7| 
i7i 

^:? 

1061.7 

13 10.8 

1566.6 

1828.9 

1399.0 

1464.6 

1714.5 

1971.8 

2232.4 

2499.1 

1093.0 

1349.0 

1611.7 

1880.9 

1440.6 

1508. 1 

1764.8 

2029.0 

2296.6 

25704 

18 

894.8 

1 124.8 

1387.7 

16574 

1933.6 

1482.9 

1552.2 

'^i^-^ 

2087.1 

2361.7 

2642.6 

i8i 

920.9 

1 157.0 

1426.9 

1703.7 

1987.1 

1525.8 

1596.9 

1867.6 

2146.0 

2427.8 

2715.9 

184 
i8| 

947-3 

1 189.7 

1466.7 

1750.7 

20414 

15694 

1642.3 

1920. 1 

2205.7 

2494.7 

2790.2 

974.1 

1222.9 

1507.0 

1798.3 

2096.3 

1613.5 

16884 

1973.3 

2266.2 

2562.6 

2865.5 

19 

1001.3 

1256.5 

1547.9 

1846.5 

2152.1 

1658.3 

1735.1 

2027.3 

2327.6 

26314 

2941.8 

I9i 

1028.8 

1290.6 

1589.4 

18954 

2208.5 

1703.7 

17824 

2082.0 

2389.8 

2701.1 

3019. 1 

19I 

1056.8 

1325.1 

163 1.4 

1945.0 

2265.7 

1749.7 

18304 

21374 
2193.6 

2452.8 

2771.8 

3097.5 

19* 

1085.1 

1 360. 1 

1673.9 

1995.2 

2323.6 

1796.3 

1880.0 

2516.7 

2843-3 

3176.8 

20 

1113.7 

1395.6 

17170 

2046.0 

2382.2 

1843.5 

1928.3 

2250.5 

25814    2915.8 

mm  mm  w 
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TABLE  22. 
Properties  of  Two  Channels,  Spaced  Small  Distances. 


c:r 

r 

! 

For  Distances 

of  Two  Channels. 

X  - 

--r- 

— X 

Measured  from  • 

Flanges  Turned  Out. 

Back  to  Back. 

<-..|...> 
t 

:::» 

Chan- 
nels. 

Axis  Y-Y. 

• 

Total 
Area. 

Axis  X-X. 

i 

1 

b- 

0. 

b-J". 

b- 

»". 

b-l". 

b- 

a". 

Ix 

Tx 

h 

ry 

h 

'y 

h 

'y 

ly 

rj 

h 

'y 

In. 

Lb. 

In.» 

In.* 

In. 

In.« 

In. 

In.« 

In. 

In.* 

In. 

In.« 

In. 

In.« 

In. 

4 

2.38 

3.2 

I.17 

1:^ 

1.50 

3 

5 

2.94 

3.6 

1. 12 

I.I 

0.60 

14 

0.70 

1.50 

6 

3.52 

4-2 

1.08 

1.4 

0.62 

1.8 

0.71 

24 

0.82 

3.1 

0.93 

8.1 

1.52 

5 

3.10 

7^6 

1.56 

H 

0.65 

1.7 

0.74 

2.2 

0.84 

2.8 

0.95 

7-3 

1.53 

4 

6 

3.78 

8.4 

I.51 

1.6 

0.64 

2.0 

0.73 

2.6 

0.84 

34 

0.95 

8.5 

1.52 

7 

4.26 

9.2 

1.46 

1.8 

0.65 

2.4 

0.74 

3.0 

0.84 

3-9 

0.95 

10.0 

1.53 

5 

6J 

3.90 

14.8 

'i^ 

1.9 

0.69 

2.4 

0.78 

3.1 

°-2? 

3.9 

0.99 

9.6 

1-57 

9 

5.30 

17.8 

1.83 

2.5 

0.68 

3.2 

0.78 

4.1 

0.88 

5.2 

0.98 

12.9 

1.56 

8 

i'^t 

26.0 

2.34 

2.7 

0.74 

34 

0.84 

4-2 

0.93 

5* 

1.03 

124 

1.61 

6 

loi 

6.18 

30.2 

2.21 

3-3 

0.73 

4.2 

0.82 

l.i 

0.92 

6.5 

1.02 

15.7 

1.60 

13 

7.64 

34.6 

2.13 

4.2 

0.74 

5.3 

0.83 

0.93 

8.2 

1.03 

19.7 

1.61 

9 

5.70 

42.2 

2.72 

3-7 

0.80 

4.5 

0.89 

5.6 

0.99 

6.8 

1.09 

15.6 

1.65 

7 

12 

i4i 

7.20 

48.4 

2.59 

4.4 

0.78 

5-5 

0.87 

6.7 

0.97 

8.3 

1.07 

19.2 

1.63 

8.68 

544 

2.50 

5.3 

0.78 

6.6 

0.87 

8.1 

0.97 

lO.O 

1.07 

23.3 

1.64 

II 
13 

6.70 

64.6 

3" 

^•5 

0.85 

6.0 

0.94 

7.2 

1.03 

8.7 

I.I4 

19.3 

1.70 

8 

8.08 

72.0 

2.98 

a 

0.83 

6.8 

0.92 

8.3 

1. 01 

10. 1 

1. 12 

22.7 

1.68 

i6 

9.56 

79.8 

2.89 

0.83 

8.0 

0.91 

9.8 

1. 01 

11.8 

I.II 

26.7 

1.67 

I3l 

7.78 

94.6 

3.49 

6.4 

0.90 

7-7 

0.99 

9.3 

1.09 

11.0 

I.I9 

23.6 

1.74 

9 

IS 

8.82 

101.8 

3.40 

7.0 

0.89 

84 

0.97 

10. 1 

1.07 

12.1 

1. 12 

26.2 

1.72 

20 

11.76 

121. 6 

3.21 

8.9 

0.87 

10.0 

0.96 

13.1 

1.05 

15.7 

I.I5 

345 

1.71 

IS 

8.92 

133.8 

3.87 

8.2 

0.96 

9.8 

1.05 

11.6 

1.14 

13.7 

1.24 

28.6 

1-79 

20 

11.76 

157.4 

3.66 

lO.O 

0.92 

12.0 

1. 01 

14.3 

1. 10 

17.0 

1.20 

36.2 

1.75 

10 

25 

14.70 

182.0 

352 

124 

0.92 

14.9 

1.00 

17.9 

1. 10 

21.3 

1.20 

454 

1.76 

30 

17.64 

2064 

3.42 

15.2 

0.93  ' 

184 

1.02 

22.1 

1. 12 

26.3 

1.22 

55.9 

1.78 

35 

20.58 

231.0 

3.35 

19.2 

0.96 

23.1 

1.06 

27.6 

1.16 

32.8 

1.26 

68.5 

1.82 

20| 

12.06 

*lo* 

4.61 

134 

1.05 

16. 1 

I.I5 

18.8 

1.24 

21.9 

1.34 

42.8 

1.89 

25 

14.70 

288.0 

4.43 

15.8 

1.03 

18.5 

1. 12 

21.7 

1.21 

25.3 

I.3I 

50.5 

1.85 

12 

30 

17.64 

323.4 

358.6 

4.28 

18.5 

1.02 

21.7 

I.II 

25.5 

1.20 

29.9 

1.30 

6ox> 

1.85 

35 

20.58 

4.17 

21.7 

1.02 

25.5 

I.II 

30.1 

1.21 

35.3 

I.3I 

70.9 

1.86 

40 

23.52 

3940 

4.09 

25.5 

1.04 

30.1 

I.I3 

354 

1.22 

41.5 

1.32 

83.0 

1.88 

33 

19.80 

623.2 

5.62 

28.8 

1.20 

331 

1.29 

38.0 

1.38 

43-5 

148 

80.2 

2.01 

35 

20.58 

640.0 

5.58 

29.8 

1.20 

34.1 

1.28 

39.1 

1.38 

44.8 

1.47 

82.8 

2.01 

40 

23.52 

695.0 

5.43 

33.1 

I.18 

38.1 

1.27 

43.8 

1.36 

50.3 

1.46 

93.5 

1.99 

IS 

45 

26.48 

750.2 

5.32 

37.1 

1. 18 

42.6 

1.26 

49.1 

1.36 

56.3 

145 

105.2 

1-99 

SO 

29.42 

8054 

5.23 

41.2 

I.18 

47.7 

1.27 

55.0 

1.36 

63.2 

146 

118.1 

2.00 

55 

32.36 

860.4  j  5.16 

,46.1 

I.I9 

53.2 

1.28 

614 

1.37 

70.5 

147 

131.9 

2,02 
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TABLE  23 
Properties  of  Equal  Leg  Angles 


_  i'  / 

Maximum 
Bending 
Moment 
@  X6.000 
Lb.  per 
Sq.  In. 

1 

"8 

- 

1 

Distance 
from 
Center 

a 

1- 

4. 

y 

4 

Least 
Radius  of 
Gyration 

/ 

1 

1 

of  Gravity 
to  Back 
of  Angle 

•-'1 

u 

1 

1 

«^ 

Moment 

SecUon 

Radius  of 

Aviii  t—t 

Ay!s  t— t 

> 

of  Inertia 

Modulus 

Gyration 

AXW  3—3 

AXIS  I—I 

X 

Ii 

Si 

ri 

r.         1 

Ml 

Incha 

Inches 

Founds 

Inched 

Indies 

Inches* 

Inches' 

Inches 

Inches 

Foot- 
pounds 

8X8 

It. 

62.7 

18.44 

2-45 

106.56 

'2*1 

2.40 

1.55 

25  600 

'P 

S9.8 

1759 

243 

102.31 

18.38 

241 

1.55 

24  500 

It 

56.9 

16.73 

241 

97.97 

17.53 

2.42 

1.55 

23  400 

1* 

54.0 

15.87 

2.39 

23-53 

16.67 

2.43 

1.56 

22  200 

I 

5 1.0 

15-00 

2.37 

88.98 

15.80 

2.44 

1.56 

21    100 

1 

48.1 

14.12 

2.34 

84.33 

14.92 

2.44 

1.56 

19  900 

45.0 

13.23 

2.32 

79.58 

14.02 

245 

1.57 

18  700 

1 

42.0 

12.34 

2.30 

74.72 

13.II 

2.46 

1.57 

17  500 

. 

38.9 

11.44 

2.28 

69.74 

12.19 

2.47 

1.57 

16  200 

i 

35.8 

10.53 

2.25 

64.64 

11.25 

2.48 

1.58 

15  000 

32.7 

l^l 

2.23 

59.43 

10.30 

2.49 

1.58 

13   700 

t 

29.6 

8.68 

2.21 

54.09 

9.34 

2.50 

1.58 

12   500 

26.4 

775 

2.19 

48-63 

8-37 

2.50 

1.58 

II   200 

6X6 

I 

37.4 

11.00 

1.86 

35.46 

8.57 

1.80 

I.16 

II   400 

1 

35.3 

10.37 

1.84 

33.72 

8.11 

1.80 

I.16 

10  800 

33.1 

9.73 

1.82 

31.92 

7.63 

I.81 

I.17 

10  200 

t 

31.0 

9.09 

1.80 

30.06 

7-15 

1.82 

I.17 

9  550 

28.7 

8.44 

1.78 

28.15 

6.66 

1.83 

I.17 

8  900 

i 

26.5 

7.78 

1-75 

26.19 

6.17 

1.83 

I.17 

8  250 

24.2 

7.11 

1-73 

24.16 

5.66 

1.84 

I.18 

7  550 

f 

21.9 

6.43 

1.71 

22.07 

5.14 

1.85 

I.18 

6  850 

19.0 

S7S 

1.68 

19.91 

4.61 

1.86 

I.18 

6  150 

t 

17.2 

5.06 

1.66 

17.68 

4.07 

1.87 

I.19 

5  450 

149 

4.36 

1.64 

15-39 

3.53 

1.88 

I.19 

4  700 

S'>iS 

I 

30.6 

9.00 

1.61 

19.64 

5.80 

1.48 

.96 

7  730 

t 

28.9 

8.50 

1-59 

18.71 

5.49 

1.48 

.96 

7  320 

27.2 

7.98 

157 

17.75 

5.17 

1.49 

.96 

6  890 

i 

23.6 

7.47 

1.5s 

16.76 

4.85 

1.50 

-97 

6  470 

6.94 

1.52 

15.74 

4.53 

1.51 

-97 

6  040 

I 

21.8 

6.40 

1.50 

14.68 

4.20 

I.51 

•97 

5  600 

20.0 

5.86 

1.48 

13.58 

3.86 

1.52 

.97 

5  IP 

f 

18.1 

S.31 

1.46 

12.44 

3.51 

1.53 

•95 

4  680 

16.2 

4-75 

1.43 

11.25 

3.15 

1.54 

.98 

4  200 

r 

14.3 

4.18 

141 

10.02 

2.79 

1.55 

.98 

3  720 

12.3 

3.61 

1.39 

8.74 

242 

1.56 

-99 

3  230 

4X4 

i 

19.9 

S.84 

1.29 

8.14 

3.01 

I.18 

.77 

4  010 

18.5 

5-44 

1.27 

7.67 

2.81 

1.19 

'77 

3  750 

i 

17.1 

5.03 

I.2S 

I'll 

2.61 

1.19 

'77 

3  480 

157 

4.61 

1.23 

6.66 

2,40 

1.20 

'77 

3  200 

f 

14.3 

4.18 

1.21 

6.12 

2.19 

I.21 

.78 

2  920 

12.8 

3-75 

1.18 

5.56 

1.97 

1.22 

.78 

2  630 

f 

11.3 

3.31 

1.16 

4.97 

I.7S 

1.23 

-78 

2  330 

9.8 

2.86 

1.14 

4.36 

1.52 

1.23 

'79 

2  030 

f 

8.2 

2.40 

1. 12 

3.72           1.29 

1.24 

'79 

I  720 

6.6 

1.94 

1.09 

3.04           1.05 

1.25 

'79 

I  400 

45 


TABLE  U.—Omimued 
Pbo^eities  or  Eqcal  Leg  Akgles 


1    / 

Maximum 

1 

j 

1 
1 

i 

Dfftaaoe 

from 

Center 

ciGnmty 

to  Back 

<rf  Angle 

1 

X 

Least 
Radius  of 
Gyration 

Bendinc 

d  i6/)00 
Lb.  per 
Sq.In. 

f 

ift^ 

\\ 

^ 

f 

Moment  of 

Section 

Radius  of 

Asisa-3 

Axis  I'X 

* 

L«ru» 

Modulus 

Gyration 

X 

Ii 

Si 

n 

n 

Ml 

ladM 

IflCfaM 

Pounds 

Indict 

Inches 

Indies* 

w.^ 

Indies 

inches 

Foot- 
Pbunds 

3IX3J 

}| 

17.1 

5-03 

I.17 

5-25 

2.25 

I.Q2 

0.67 

3  000 

1 

l6x> 

4.69 

I.15 

2.II 

1.03 

0.67 

2  810 

A 

14.8 

^H 

1.12 

4.65 

I^ 

1.04 

0.67 

2  610 

1 

13^ 

3.98 

1. 10 

4-33 

1. 81 

1.04 

0.67 

2  410 

TS 

I«4 

3.62 

1.08 

3-99 

i.6s 

I-05 

0.68 

2   200 

i 

II. I 

3-25 

1.06 

3.63 

149 

1.06 

0.68 

I   990 

f" 

2.87 

1.04 

3.26 

1.32 

1.07 

0.68 

I   760 

i 

8.5 

2.48 

1 .01 

2.87 

'•'5 

1.07 

0.69 

I    530 

7-i 

2.09 

.99 

«.45 

.98 

1.06 

0.69 

I    310 

i 

5.8 

1.69 

.97 

2X>I 

.79 

1.09 

0.69 

I   050 

A 

n. 

1.28 

.94 

1-55 

.60 

1. 10 

0.69 

800 

w 

1X37 

.93 

1.31 

SI 

1. 10 

0.69 

680 

3X3 

i 

ii.S 

3.36 

.98 

2.62 

1.30 

.88 

•57 

I    730 

10.4 

3Xj6 

-95 

243 

1. 19 

.89 

'^\ 

I   585 

1 

9.4 

27s 

.93 

2.22 

1.07 

.90 

•58 

I   430 

fjt 

8.3 

2.43 

.91 

2.00 

•95 

•91 

.58 

I    270 

1 

7.2 

2.1 1 

.89 

1.76 

.83 

•91 

.58 

I  no 

ff 

6.1 

1.78 

.87 

1.51 

71 

-9* 

•59 

950 

♦ 

4-9 

1.44 

i^ 

'i 

•58 

•93 

•59 

770 

-ff 

371 

1.09 

.82 

44 

•94 

.60 

590 

i 

2.50 

074 

.80 

.66 

.30 

.95 

.60 

400 

»|X2l 

1 

8.5 

2.50 

.87 

1.67 

.89 

.82 

.53 

I    190 

-fm 

7.6 

2.22 

.85 

1.51 

79 

.82 

•53 

1   050 

1 

6.6 

1.92 

.82 

1-33 

.69 

.83 

.53 

920 

A 

S.6 

1.62 

.80 

1.15 

•59 

.84 

.54 

790 

♦ 

4-S 

1.31 

.78 

•95 

48 

•Si 

•54 

640 

A 

3.39 

1.00 

.76 

73 

.37 

.86 

.54 

490 

* 

a.29 

0.68 

73 

.51 

.»5 

•87 

55 

330 

»JXa| 

1 

7-7 

2.25 

.81 

1.23 

.73 

.74 

47 

970 

X 

6.8 

2.00 

.78 

I. II 

.65 

.74 

48 

870 

1 

59 

173 

.76 

.98 

.57 

•75 

48 

760 

A 

5^ 

1.47 

74 

.8s 

48 

.76 

48 

640 

J 

4.1 

I.I9 

'l^ 

.70 

.39 

•77 

49 

530 

A 

3.07 

.90 

.69 

•55 

.30 

.78 

49 

400 

t 

2.08 

.61 

.67 

.38 

.20 

.79 

•50 

270 

aiX2l 

1 

6.8 

2.00 

74 

.87 

.58 

.66 

43 

770 

1  r 

6.1 

1.78 

7* 

.79 

.52 

.67 

43 

690 

5.3 

1.5s 

.70 

.70 

45 

.67 

43 

1 1 

4-5 

I.3I 

.68 

.61 

.39 

.68 

44 

520 

t 

3.62 

1.07 

.66 

•S« 

.32 

.69 

44 

430 

A 

2.75 

.81 

.63 

.39 

■^ 

.70 

44 

320 

» 

1.86 

.55 

.61 

.27 

71 

45 

220 

46 


TABLE  IS.—Omiituied 
Pbcwskhes  of  Equal  Lbg  Angles 
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1 
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1 
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to  Back 

oC  Ancle 
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■1 
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Radius  of 
Gyration 
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liomcmt 
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Sq.  In. 

5; 
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/ 

A 

1 
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1 

H 

1 
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X 

Ii                   S, 

ri 

rj 

Ml 
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fkMmds 

iachess 

ladbes 

ilK»K8«           IadK0> 
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IndKS 

Foot- 
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*X2 

A 

5-3 

1.56 

.66 

.54 

40 

.59 

•39 

530 

1 

47 

1.36 

.64 

48 

.35 

•59 

•39 

470 

A 

3.92 

I.15 

j6i 

42 

.30 

.60 

•39 

400 

t 

3-19 

.94 

.59 

•3S 

.25 

.61 

•39 

330 

A 

a-44 

.71 

.S7 

^8 

.19 

.62 

40 

250 

1 

1.65 

.48 

.55 

.19 

.13 

.63 

40 

170 

ilXiJ 

A 

4.6 

1.34 

.59 

.35 

.30 

SI 

•33 

400 

i 

3.99 

1. 18 

.57 

.31 

a6 

•51 

•34 

350 

A 

3-39 

I.CX> 

'5S 

.27 

23 

.52 

•34 

310 

jt 

2-77 

.82 

•53 

.23 

.19 

•53 

•34 

250 

2.12 

£3 

.51 

.18              .14 

.54 

•35 

190 

* 

1-44 

43 

48 

.13              .10 

•55 

.35 

130 

iJXiJ 

_ 

3.35 

^ 

.51 

.19         ;     .19 

.44 

.29 

250 

A 

2.86 

.84 

49 

.16         1     .16 

.44 

.29 

220 

J 

2.34 

.69 

47 

.14              .134 

45 

.29 

180 

A 

1.80 

.S3 

44 

.11         j     .10 

46 

.29 

140 

* 

1.23 

.36 

42 

.078            .072 

46 

.30 

90 

liXil 

A 

2.33 

j68 

42 

.091            .109 

.36 

•23 

150 

1 

1.92 

.56 

40 

x>77            .091 

.37 

-24 

120 

M8 

43 

.38 

.061       I     .071 

.38 

-24 

90 

i 

2. ox 

.30 

-3S 

X44            JQ49 

•38 

•25 

70 

itXii 

A 

1.32 

.39 

•3S 

-Q44       1     .057 

.34 

.22 

75 

i 

.91 

.27 

.33 

.032       *     JQ40 

•34 

.22 

50 

iXl 

1 

M9 

44 

.34 

1 
.037       ,     .056 

.29 

.19 

75 

A 

1. 16 

.34 

•32 

.030 

.044 

.30 

.19 

60 

i 

.8 

.23 

.30 

.Q22 

.031 

.31 

•20 

40 

.109 

.71 

.21 

.29 

j020 

.028 

.31 

.20 

40 

ixi 

yV 

1.00 

.30 

.29 

.019 

.033 

.26 

.18 

40 

i 

.70 

.21 

.26 

.014 

.023 

.26 

•19 

30 

A 

•53 

.i6 

^S 

.Oil 

joiS 

.27 

.20 

20 

1X1 

A 

.84 

.25 

.26 

.012 

.024 

.22 

•IS 

32 

i 

-59 

.18 

.23 

.0088 

.017 

•23 

•IS 

23 

A 

^5 

.14 

^2 

JO069 

.013 

.23 

•15 

17 

ixl 

i 

48 

.IS 

.20 

.0048 

.0113 

.18 

.12 

IS 

A 

•37 

.11 

.19 

JOO3S 

.0088 

•19 

.12 

II 

JXJ 

i 

.38 

.11 

.17 

X3023 

X07 

IS 

.10 

9 

A 

.29 

.085 

.16 

.0019             .0055 

•IS 

.10 

7 

47 


TABLE  24 
Profertibs  of  Unequal  Leg  Angles 
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1 

1 

1 

II 
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ii 
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4i 

mum  Bending 
t  m  X6.000  Lba. 
.  In.  Short  Leg 
Vertical 

Moment  of 

Section 

Radius  of 

^ 

^ 

Inertia 

Modulus 

Gyration 

i|t 

Azia 

Axis 

Axis 

Axis 

Axis 

Axis 

Axis 

l-x 

2-2 

X-I 

2-a 

i-i 

2-2 

3-3 

^ 

Zl 

Zl 

Ii 

Is 

Si 

St 

ri 

rs 

U 

Ms 

Ml 

In. 

Id. 

Lb. 

In.« 

In. 

In. 

In.« 

In.« 

In.« 

In.« 

In. 

In. 

In. 

Ft..Lb. 

Ft..Lb. 

8X6 

I 

442 

13.00 

1.65 

2.65 

3878 

80.78 

8.92 

15.II 

1.73 

2.49 

1.28 

•543 

20  150 

II  900 

^ 

417 

12.25 

1.63 

2.63 

36.85 

76.59 

8.43 

14.27 

173 

2.50 

1.28 

•545 

19  030 

II  250 

39.1 

11.48 

I.61 

2.61 

34.86 

72.31 

7.94 

13.41 

1.74 

2.51 

1.28 

.546 

17  900 

10  600 

14 

36.5 

10.72 

1.59 

2.59 

32.82 

67.92 

7.44 

12.55 

17s 

2.52 

1.29 

•549 

16730 

9900 

} 

33.8 

9-94 

1.56 

2.56 

30.72 

63.42 

6.93 

11.67 

1.76 

2.53 

1.29 

•553 

15  560 

9  250 

ft 

31.2 

915 

1.54 

2.54 

28.56 

58.82 

6.41 

10.77 

1-77 

2.54 

1.29 

.556 

14400 

8  S50 

•J 

28.5 

8.36 

1.52 

2.52 

26.33 

54.10 

5.88 

9.87 

'•^2 

2.54 

1.30 

.556 

13   160 

7850 

-ff 

257 

7.56 

1.50 

2.50 

24.04 

49.26 

5-34 

8.95 

1.78 

2.5s 

1.30 

11  930 

7  100 

A 

23.0 

6.7s 

1.47 

2.47 

21.68 

44.31 

4.79 

8.02 

1-79 

2.56 

1.30 

.558 

10  700 

6  400 

20.2 

593 

1.45 

^45 

19.25 

39.23 

4.23 

7.07 

1.80 

^•57 

1.30 

.560 

9420 

5  640 

8X3* 

I 

357 

10.50 

•2* 

317 

7.8 

66.2 

3.0 

137 

.86 

2.51 

.73 

18  400 

4  000 

? 

337 

9.90 

.89 

3.14 

74 

62.9 

2.9 

12.9 

•!7 

2.52 

.73 

17  200 

3  870 

31.7 

9.30 

.87 

3.12 

7.1 

594 

27 

12.2 

.87 

2.53 

.73 

16  200 

3  600 

ft 

29.6 

8.68 

.85 

3.10 

6.7 

55.9 

2.5 

1 1.4 

.88 

2.54 

•73 

15  200 

3  330 

} 

27.5 

8.06 

.82 

3.07 

6.3 

52.3 

2.3 

10.6 

.88 

2.55 

.73 

14    100 

3  060 

ft 

25.3 

IP 

.80 

3.05 

5.9 

48.5 

2.2 

9.8 

.89 

2.56 

•73 

13  000 

2930 

i 

23.2 

6.80 

78 

3.03 

54 

4*.7 

2.0 

9.0 

.90 

2.57 

.74 

12  000 

2  660 

21.0 

6.15 

75 

3.00 

S.o 

40.8 

1.8 

8.2 

.90 

2.57 

.74 

10  900 

2  400 

I 

18.7 

5.50 

73 

2.98 

45 

36.7 

1.6 

l'^ 

.91 

2.58 

.74 

9  700 

2  190 

16.5 

4.84 

70 

2.95 

4.1 

32.5 

IS 

64 

.92 

2.59 

.74 

8  600 

2  000 

7X3i 

I 

32.3 

9.50 

.96 

2.70 

7.53 

45.37 

2.96 

10.58 

.89 

2.19 

•74 

.241 

14  100 

3  950 

« 

30.5 

8.97 

•94 

2.69 

7.18 

43.13 

2.80 

10.00 

.89 

2.19 

.74 

•244 

13  350 

3  740 

i 

28.7 

8.42 

.91 

2.66 

6.83 

40.82 

2.64 

9.42 

.90 

2.20 

.74 

•247 

12  550 

3  520 

H 

26.8 

7.87 

.89 

2.64 

6.46 

38.44 

2.48 

8.82 

.91 

2.21 

•74 

.250 

II  750 

3  310 

} 

24.9 

7.31 

•57 

2.62 

6.08 

35.99 

2.31 

8.22 

•91 

2.22 

.74 

•253 

10  950 
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ft 

23.0 
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•55 

2.60 

5.69 

33.47 

2.14 

7.60 

.92 

2.23 

.74 

•257 

10  150 

2  850 

f 

21.0 

6.17 

.82 

1-57 

5.28 

30.87 

1.97 

6.97 

•93 

2.24 

.75 

•259 

9  300 

2  630 

-fg 

19.1 

5.59 

.80 

^•55 

4.85 

28.19 

1.80 

6.33 

.93 

2.25 

•75 

.262 

8  450 

2  400 

I 

17.0 

5.00 

.78 

*S3 

441 

25.42 

1.62 

5.68 

.94 

2.25 

•75 

.264 

7  570 

a  160 

15.0 

4.40 

75 

2.50 

3.95 

22.56 

1.44 

5.01 

•95 

2.26 

•z$ 

.267 
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i 

13.0 

3.80 

73 

2.48 
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1.26 

4-33 

.96 

a.27 

.76 

.270 

5  770 

I  680 
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I 
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9.00 

1.17 

2.17 

10.75 

30.75 

3-79 

8.02 

1.09 

1.85 

.85 

414 
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^ 

28.9 

8.S0 

1.14 

2.14 

10.26 

29.26 

3.59 

7.59 
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1.86 

•21 

^18 
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27.2 

7.98 
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2.12 
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3.39 

7.15 
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1.86 
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ft 

23.6 

7-47 
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2.10 

9.23 
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3.18 

6.70 
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1.87 

.86 
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8  9SO 

ix 

} 

6.94 

1.08 

2.08 

8.68 

24.51 

2.97 

6.25 

1.12 

1.88 
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ft 

21.8 

6.40 

1.06 

2.06 

8.11 

22.82 

2.76 

578 

1.13 

1.89 

.86 
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3  680 

4 
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S.86 

1.03 

2.03 

7.52 
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2.54 

5.31 

1.13 

1.90 
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434 
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^ 
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2.01 

6.91 
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2.31 

4.83 
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1.90 
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•^ 

1.99 

6.27 

17.3? 
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4.33 
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1.91 
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1.96 
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1.85 

3.83 

1.16 

1.92 

il 
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* 
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3.61 

•94 

1-94 

4-90 
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3.32 

1.17 

1.93 
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TABLE  2A,'-Conttnued 
Properties  of  Unequal  Leg  Angles 
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Radius  of 
Gyration 
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Axis 
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Axis 

Axis 
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1 
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2-2 

i-i 

2-a 

I-I 

a-2 

3-3 

Zl 

za 

Ii 

Is 

Si 

S« 

ri 

ri 

r» 

Ms 

Ml 

In. 

In. 

Lb. 

In.« 
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In.4 

In.« 
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In. 

Ft.-Lb. 

Ft.-Lb. 

6X3J 

I 

28.9 

8.50 

1. 01 

2.26 

7.21 

29.24 

2.90 

7.83 

.92 

1.85 

.74 

.317 

10450 

3  870 

u 

27.3 

8.03 

.99 

2.24 

6.88 

27.84 

2.74 

^•^o 

.93 

1.86 

.74 

.320 

9  880 

3  650 

i 

25.7 

7-51 

.97 

2.22 

6.55 

26.39 

2.59 

6.98 

.93 

1.87 

.75 

.323 

9  300 

3  450 

ft 

24.0 

7.06 

-95 

2.20 

6.20 

24.89 

2.43 

6.55 

.94 

1.88 

.75 

.327 

8  750 

3  240 

f 

20.6 

6.56 

.93 

2.18 

5.84 

23.34 

2.27 

6.10 

.94 

1.89 

.75 

.331 

8  150 

3  030 

ft 

6.06 

.90 

2.15 

547 

21.74 

2.II 

5.65 

.95 

1.89 

.75 

.334 

7  550 

2  810 

i 

18.9 

5.5s 

.88 

2.13 

5^ 

20.08 

1.94 

5.19 

.96 

1.90 

.75 

.338 

6  920 

2  590 

Yf 

I7.I 

S.03 

.86 

2.II 

4.67 

18.37 

1.77 

4.72 

.96 

1.91 

.75 

.341 

6  300 

2  360 

I 

15.3 

4.50 

.83 

2.08 

4-25 

16.60 

1.59 

4.24 

■97 

1.92 

.76 

.344 

5  650 

2  120 

135 

3.97 

.81 

2.06 

3.81 

14.77 

I.4I 

3.75 

.98 

1.93 

.76 

.347 

5  000 

I  880 

I 

11.7 

342 

.78 

2.04 

3.34 

12.86 

1.23 

3.25 

.99 

1.94 

.77 

.350 

4  330 

I  640 

9.8 

2.87 

.75 

2.02 

2.85 

10.88 

I.Q4 

2.74 

1.00 

1.95 

.77 

.353 

3  650 

I  380 

5X4 

i 

24.2 

IV 

1.21 

I.7I 

9.23 

16.45 

3.31 

4.99 

1.14 

1.52 

.84 

6  650 

4410 

22.7 

6.65 

1.18 

1.68 

8.74 

15.54 

3.II 

4.69 

1.15 

1-53 

.84 

6  250 

4  »50 

f 

21. 1 

6.19 

1.16 

1.66 

8.23 

14.60 

2.90 

4.37 

i.iS 

1.54 

.84 

5  830 

3  870 

ft 

19.5 

5.72 

1.14 

1.64 

7.70 

13.62 

2.69 

4.05 

1.16 

1.54 

.84 

.617' 

5  400 

3  590 

1 

17.8 

5.23 

1.12 

1.62 

7.14 

12.61 

2.48 

3.73 

1.17 

1.55 

.84 

.620 

4  970 

3  310 

-ff 

16.2 

4.75 

1. 10 

1.60 

6.56 

11.56 

2.26 

3.39 

1.18 

1.56 

.85 

.623 

4  520 

3  010 

I 

14.5 

4.2s 

1.07 

1.57 

5.96 

10.46 

2.04 

3.05 

1.18 

1.57 

.85 

.626 

4070 

2  720 

12.8 

375 

1.05 

1-55 

5.33 

9.32 

I.81 

2.70 

1.19 

1.58 

•21 

.629 

3  600 

2  420 

* 

1 1.0 

3.23 

1.03 

1.53 

4.66 

8.14 

1.57 

2.34 

1.20 

1.59 

.86 

.631 

3  120 

2  090 

SXji 

X 

22.7 

6.67 

1.04 

1.79 

6.21 

15.67 

2.52 

4.88 

.96 

1-53 

.75 

455 

6  510 

3  360 

H 

21.3 

6.25 

1.02 

1.77 

5.89 

14.81 

2.37 

4.58 

.97 

1.54 

.75 

460 

6  no 

3  160 

} 

19.8 

5.81 

1.00 

1.75 

5.55 

13.92 

2.22 

4.28 

.98 

1.55 

.75 

.464 

5  710 

2  960 

ft 

18.3 

5-37 

.97 

1.72 

5.20 

12.99 

2.06 

3.97 

.98 

1.56 

.75 

.468 

5  290 

2  750 

1 

16.8 

4.92 

•95 

1.70 

4.83 

12.03 

1.90 

3.65 

.99 

1.56 

.75 

472 

4  870 

2  530 

-ff 

15.2 

447 

.93 

1.68 

4.45 

11.03 

1.73 

3.32 

1. 00 

1.57 

.75 

476 

4  430 

2  310 

J 

13.6 

4.00 

.91 

1.66 

4.05 

9-99 

1.56 

2.99 

1. 01 

1.58 

•7S 

479 

3  990 

2  080 

12.0 

353 

.88 

1.63 

3.63 

8.91 

1.39 

2.64 

1. 01 

1.59 

.76 

482 

3  520 

I  850 

A 

10.4 

3.0s 

.86 

1.61 

3.18 

7.78 

I.2I 

2.29 

1.02 

1.60 

.76 

485 

3  060 

I  610 

8.7 

2.56 

.84 

1.59 

2.72 

6.60 

1.02 

1.94 

1.03 

1.61 

.76 

.4«9 

2  590 

I  360 

SXJ 
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,08s 
.069 
049 
.062 
.050 
.037 

097 
.081 
.065 

.041 
.033 
.024 

.022 
.017 

.016 

.015 


•35    013 

.33 

.38 


•35 
•31 
.31 


0094 
.0074 


.0055 

.0Q22 
.0032 


Axis 
a-a 


Ii 


In.« 


61 
53 
44 
34 

43 
38 
32 
25 
17 

42 
37 
31 
.24 

.30 
.23 

.20 
.16 
.11 

.19 

•15 
.11 

.16 

•13 
.10 

.093 
.075 
.053 

.071 
.051 

.039 

.033 

.027 
.020 


Section 
Modulus 


Axis 

x-i 


In.» 


.025 
.019 

.0093 

.Oil 


26 
23 

,20 

•17 
14 
.II 

.20 

17 
14 

II 

075 

17 
14 

.12 
094 

097 
.075 

.095 
075 
.052 

.077 
.060 
043 

.113 
.093 
•073 

05? 
.046 
.032 

.026 

,024 

027 

025 
.017 

.017 
.012 

.0054 

.0091 


Axis 
2-a 


In.« 


.54 
.48 

.36 
.30 
.23 

.34 
.29 
.24 
.18 
.13 

.33 
.28 
.23 
.18 

•23 
.18 

.18 
.14 
•094 

•17 
.13 
.093 

.16 

.13 
.10 

.106 
.082 
.057 
.081 
.056 

.047 

.048 

.042 
.030 

.041 
.029 

.017 

.022 


Radius  of 
Gyiaiion 


Axis 
i-i 


In. 


.40 
.41 

41 
.42 

42 
43 

42 
42 
43 
.44 
.45 

•38 
.38 

•39 
40 

•34 
•35 

.36 
.37 

.31 
.32 

•32 

■11 

.37 

.28 
.28 
•29 

H 

.»5 

•*5 
.22 

.21 
.22 

.17 
.17 

.13 

•13 


Axis 
a-a 


In. 


.68 
.69 
.69 
.70 
.71 
•72 

.61 

.62 
.62 

.64 

.61 
.62 

.63 

.64 
•54 
:il 

.54 

-.11 

.42 
43 


43 
44 
.40 

.32 
.30 
.31 

.31 

•31 
.28 

.25 


Axis 
3-3 


In. 


.27 
.27 

.27 
•27 
•27 

•24 
.24 
.24 
.26 
.26 
.26 

.21 
.21 
.22 

.19 
.20 

.19 

.16 

.16 
.16 

.13 
.13 
.12 
.II 


I 


.32 

.524 

32 

.534 

32 

.543 

32 

.551 

33 

.559 

.29 

434 

.29 

•445 

.30 

•455 

•31 

:475 

Mi 

Ft.-Lb. 
720 

% 

480 
400 
310 

450 
390 
320 
240 
170 

440 
370 
300 
240 

300 
240 

240 
190 
125 

230 
170 
125 

210 
170 
130 

140 

1 10 

75 

no 

75 

60 


55 

40 

55 
40 

20 

30 


l55 

11? 


Mt 

Ft.-Lb. 

350 
300 
270 
230 
190 
150 

270 
230 
190 
150 
100 

230 
190 
160 
125 

130 
100 

125 
100 

70 

100 

80 

57 
150 
125 
97 
80 
60 
40 

45 
35 
30 

35 
30 
20 

20 
16 

7 
12 


62 


TABLE  25 
Akbas  of  Angles 


Abkas  di  Squasb  iNcan 
DnoDtsraiB  at  iNcms 

Amglbs  with  Equal  Lbgs 

Sds 

i 

A 

i 

A 

i 

ft 

i 

ft 

f 

H 

i 

u 

i 

u 

1 

ift 

i» 

Sbb 

8'X8' 
6  X6 
S  XS 
4X4 
3JX3I 
3  X3 

2lX2l 

2JX2I 

2IX2I 

2   X2 

iJXil 

iJXlJ 

ilXiJ 

I  XI 

.... 

4.36 
3.61 
2.86 
2^ 
2.1 1 
1.92 
1.73 
1.55 
1.36 

1.17 
0.98 

S.06 
4.18 

3.31 
2.87 

2.43 
2.22 
2.00 
1.78 
1.56 
1.34 

7.75 
575 
4.75 
3.75 
3-25 
2.75 
2.50 
2.25 
2.00 

8.68 
643 
5-31 
4.18 
3.62 
3.06 

9.61 
7.11 

S.86 
4.61 
3.98 
3.36 

I0.S3 
7.78 

S.03 
4-34 

"•44 
844 
6.94 
5-44 
4.69 

12.34 
9.09 

7-47 
S.84 
S.03 

13.23 

9-73 
7.98 

14.12 

10.37 

8.50 

15.00 
11.00 
9.00 

15.87 

16.73 

8'X8' 
6X6 
5  XS 
4X4 
3lX3l 
3  X3 

2lX2l 

2IX2J 

2IX2J 

2  X* 

liXil 

ilXiJ 

ilXiJ 

1  Xi 

240 
2.09 
1.78 
1.62 

147 
1.31 

LIS 
1.00 
0.84 
0.68 

144 
1.3 1 
I.I9 
1.06 
0.94 
0.81 
0.69 
0.56 
044 

0.90 
0.81 
0.71 
0.62 

■•■■\  — 

o.36|O.S3 
0.30^043 
o-23|0.34 

1 

Amglbs  witm  Umoujo.  Laos 

Sus 

i 

A 

1 

A 

i 

ft 

J 

ft 

f 

H 

i 

tt 

i 

H 

I 

Ift 

i» 

Sbb 

7'X3J' 
6  X4 
6  X3J 
S  X4 
S  X3J 
5  X3 
4  X3J 
4  X3 
3iX3 
3iX2j 
3  X2j 
3  X2 

2}X2 

44? 

4.18 

3.97 
3.75 
3-53 
3.31 
3.09 
2.87 
2.65 

^43 
2.22 
2.00 
1.78 

5.00 
4.75 
4.50 

4.2s 
4.00 

3-75 
3.50 

3.25 
3.00 

2.75 
2.50 
2.25 
2.00 

559 
531 
5.03 
4.75 
447 
4.18 
3.90 
3.62 

3.34 
3.06 
2.78 

6.17 
5.86 

sss 
S.23 
4.92 
4.61 

4.30 
3.98 
3.67 
3-36 

6.75 
640 
6.06 
572 
S-37 
S03 
4.68 

4-34 
4.00 
3.6s 

7-31 
6.94 
6.56 
6.19 
S.81 

S-44 
S.06 

4.69 

4-31 

7.87 

747 
7.06 
6.6s 
6.2s 
S.84 

S43 
S.03 
4.62 

842 
7.98 
7.55 
7.II 

6.67 

8.97 
8.50 
8.03 

9.50 
9.00 
8.50 

7'X3J' 
6X4 
6X3I 
S  X4 
S  X3J 
S  X3 
4X3J 
4X3 
3IX3 
3IX2J 
3  X2j 
3  X2 

2§X2 

3.61 

34^ 
3.23 
3.05 
2.86 
2.67 
2.48 
2.30 
2.11 
1.92 
1.73 
1-55 

2.56 
2.4D 
2.2s 
2.09 

1.93 
1.78 
1.62 
1.47 
1.3 1 

1.3 1 
I.I9 
1.06 

0.81 

Sbb 

i 

A 

1 

ft 

I 

ft 

i 

ft 

t 

» 

i 

tt 

i 

« 

I 

Ift 

ii 

Sbb 

53 


TABLE  26 
Weights  op  Angles 


Angles  with  Equal  Legs 

Wnasn  nf  PomoM  raa  Foot 
DnmnioNS  n  Ihcbbs 

Size 

i 

A 

i 

ft 

i 

ft 

i 

ft 

1 

« 

i 

H 

i 

H 

/ 

/ft 

li 

Size 

8'X8' 
6  X6 
5  XS 
4X4 
3iX3J 
3  X3 
*1X*1 
2JX2J 

2iX2i 

2  X» 

ijXil 

ilXiJ 

ilXii 

iXi 

.... 

.... 

... 

14.9 

12.3 

9.8 

8.5 

7.2 

6.6 
5-9 
5-3 
4.7 
4.0 
34 

17.2 

14.3 
11.3 
9.8 
8.3 
7.6 
6.8 
6.1 

53 
4.6 

26.4 

19.6 

16.2 

12.8 

II. r 

94 

8.5 

7-7 

6.8 

29.6 
21.9 
18.1 

14.3 
12.4 
10.4 

32.7 
24.2 
20.0 

15.7 
13.6 
1 1.5 

35.8 
26.5 
2^1.8 
17.1 
14.8 

38.9 
28.7 
23.6 
18.5 
16.0 

42.0 
31.0 

254 
19.9 

17.1 

45.0 

33.1 
27.2 

48.1 

35.3 
28.9 

51.0 

374 
30.6 

S4.0 

S6.9 

S'XS* 
6  X6 
5  Xs 
4  X4 
3JX3J 
3  X3 

2|X2l 

2JX2J 

2lX2i 
2    X2 

iJXiJ 

llXlJ 

iJXiJ 
I  XI 

8.2 

7* 
6.1 
5.6 
SO 
4-5 
3.9 
34 
2.9 

2.3 

4.9 

4-5 
4.1 
3.6 
3.2 
2.8 
3.3 
1.9 
1-5 

1.2 
1.0 
0.8 

3.1 
2.8 

24 
2.1 
1.8 

1.5 
1.2 

Angles  with  Unequal  Legs                                                 i 

Si7j; 

_l_ 

_A_ 

i 

ft 

1 

12.3 

1 1.7 

1 1.0 

10.4 

9.8 

9.1 

8.5 

7.9 

7.2 

6.6 

5.9 

5.3 

ft 
15.0 
14.3 
135 
12.8 
12.0 

".3 
10.6 
9.8 
9.1 
8.3 
7.6 
6.8 
6.1 

1 

ft 

1 

H 

i 

H 

i 

H 

I 

/ft 

rl 

Size 

7'X3J' 
6X4 
6  X3J 
S  X4 
S  X3i 
S  X3 
4X3J 
4X3 
3JX3 
3JX2J 
3  X2j 
3  X2 
2IX2 

17.0 
16.2 
15.3 
14.S 
13.6 
12.8 
11.9 
II. I 
10.2 

94 
8.5 

7-7 
6.8 

19.1 
18.1 
17.1 
16.2 
15.2 
14.3 
13.3 
"4 
114 
104 
9.5 

21.0 
20.0 
18.9 
17.8 
16.8 

157 
14.7 
13.6 
12.5 
11.5 

23.0 
21.8 
20.6 

19.5 
18.3 
17.1 
16.0 
14.8 
13.6 
12.5 

24.9 
23.6 
224 
21.1 
19.8 
18.5 

17.3 
16.0 

14.7 

26.8 

254 
24.0 
22.7 

21.3 
19.9 
18.5 
17.1 
15.8 

28.7 
27.2 

25.7 
24.2 
22.7 

30.5 
28.9 
27.3 

32.3 
30.6 
28.9 

..... 

7'X3r 
6X4 
6X3J 
S  X4 
5  X3i 
S  X3 
4  X3J 
4X3 
3JX3 
3JX»i 
3  X2j 
3  X2 
2JX2 

8.7 
8.2 

7-7 
7.2 
6.6 
6.1 
5.6 
5-0 
4.5 

.... 

# 

4.9 
4.5 
4.1 
3.7 

2.8 



Size 

i 

ft 

J 

ft 

1 

ft 

J 

ft 

1 

U 

f 

U 

I 

« 

/ 

/A 

/I 

Size 

54 


TABLE  27 
Overrun  of  Pencoyd  Angles 


Ovemin  of  Angles  in  Inches 

Size  or 
Ansle 

Thickness  in  Inches 

Inches 

tl 

lA 

I 

a 

f 

« 

1 

« 

1 

A 

J 

A 

i 

A 

i 

A 

i 

8   X8 

6  X6 

♦.^♦. 
3IX3J 

2JX2I 

2  X2 

«ixi} 
Uxi^ 

8  X6 

7  X3J 
6  X4 
6X3* 
S  X4 
5  X3J 
5  X3, 
4  X3J 
4  X3 
3fX3, 
3JX2§ 

3  X2§ 
3  X2 

2}X2 
2    Xl| 

» 

A 

i 

i 

i 
0 

S 

0 
0 

i 

A 

0 

A 

i 

A 
0 

0 
0 
0 

0 

t 

0 

0 

0 

0 

A 

i 

i 

A 

1 

0 
0 
0 
A 

0 

i 

A 

1 

A 
i 

1 

A 

0 

j 

1 

0 
0 
0 

0 

! 

0 
0 

0 
0 

0 

1 

0 
0 
0 

0 
0 
0 
0 

A 

1r 

1 

A 
0 

i 

0 

0 
0 
0 
A 

0 

55 


TABLE  28 
Overrun  op  Pennsylvania  Steel  Co.  Angles 


Ovemin  of  Andes  In  Incbei                                                                         | 

Sixeof 
Ande 

Thickness  in  Inches 

Maadmum  Length  of  Aagka 

Inches 

li 

lA 

I 

« 

i 

U 

i 

tt 

f 

A 

i 

A 

i 

A 

I 

A 

i 

Feet 

8  X8 
6  X6 

sxs 

4IX4J 

4  X4 
3IX3I 

^^', 
2JX1J 

»iX2i 

2  X2 
iJXiJ 
8  X6 
6X4 
6X3J 

5  X4 
S  X3J 
5  X3 
4JX3, 
4  X3J 
4X3 
34X3. 
3*X2* 

3  X2i 
3  X» 

1 

f 

t 

t 

f 

? 

1 

A 

A 

A 

A 

56  for  ll"  to  105  fori" 
88  for  I"  to  105  for  A" 

70 

70 

70 

70 

70 
35  for  J"  to  50  for  A" 

50 

SO 

63  for  ij"  to  105  fori" 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

65 

1 

A 
A 

A 

i 

1 

A 

i 

A 

t 

i 

A 
0 

A 

i 

I 

A 

t 

i 

1 

i 

? 

1 

1 

A 

1 

If 

A 

A 

1 

1 

■J" 

t 

1 

... 

A 

A 

i 

^^^ 

^^ 

,^^^ 

fie 


TABLE  29. 

Casnegie  Angles. 

Net  Aebas  and  Allowable  Tension  Values  in  Thousands  or  Pounds. 

Maximum  Fiber  Stress,  16,000  Poands  per  Square  Inch. 


Thick- 


Weight 

per  Foot, 


Area, 
laches. 


Net  Areu  and  Stieaaes— Two  Holes  Deducted. 


i  Inch  Rivets. 


Area, 
laches. 


StieM. 


I  Inch  Rii^ets. 


Area. 
Inchest. 


Stress. 


I  Inch  Rivets. 


IndiesP. 


Stress. 


8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 

8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 

6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 

6X 
6X 
6X 
6X 
6X 
6X 
6X 
6X 
6X 

5X 
5X 
5X 
SX 
5X 
5X 

SX 
5X 
5X 
SX 

43 


51.0 
48.1 
4S.O 
42.0 
38.9 
35.8 

3»-7 
29.6 
264 

44.2 
417 
391 
36.5 
33.8 


J* 

31.2 

28.5 

f 

25.7 
23.0 

A 

20.2 

■ 

i 

33.1 
31.0 

28.7 

» 

26.S 
24.2 

k 

21.9 
19.6 

t 

17.2 
14.9 

27.2 

i 

2S4 
23.6 

i 

21.8 

20.0 

k 

18.1 
16.2 

t 

143 

12.3 

1 

16.8 

f 

15.2 
13.6 

f 

12.0 
104 

A 

8.7 

i 

12.8 

t 

"1 
9.8 

A 

8.2 

15.00 

14.12 

13*3 

12.34 

"44 

10.53 

9.61 

8.68 

7-75 

13.00 

12.25 

1148 

10.72 

9.94 

915 

8.36 

7.56 

6.7s 

S-93 

9.73 
9.09 

844 
7.78 

643 

S.06 
4.36 

7.98 

747 
6.94 
640 
5.86 
S-3I 
4.7s 
4.18 
3.61 

4.92 

447 
4.00 

3.S3 
3.05 
2.56 

3-7S 
3.31 
2.86 
2.40 


13.00 
12.24 
1148 
ia72 

9-94 
9.16 
8.36 

6.7s 

11.00 

10.37 

973 
9.10 

844 
7.78 

643 

S75 
5.05 

7.98 

6.94 
641 
5.86 
5.30 

4.18 
361 


3.67 

3-34 
3.00 
2.65 
2.30 
1.93 

^'7S 
243 
2.11 

1.77 


208.0 
I9S.8 
183.7 
171.S 

146.6 

133.8 

I2a8 
108.0 

176.0 
165.9 

1SS.7 
145.6 
135.0 
124.5 
113.8 
102.9 
92.0 
80.8 

1277 
119.5 

III.O 

102.6 
93.8 
84.8 
76.0 
66.9 
57.8 


6.23 

997 

5.85 

93.6 

544 

87.0 

503 

80.5 

4.61 

73.8 

4.18 

66.9 

375 

60.0 

3.30 

52.8 

2.86 

45.8 

58.7 

534 
48.0 
42.4 
36.8 
30.9 

44.0 
38.9 
33.8 
28.3 


13.25 
1248 
11.70 
ia92 
10.13 

9-33 
8.52 
7.70 
6,87 

11.25 
10.61 

9-9S 
9.30 
8.63 

7-9S 
7.27 
6.58 
5.87 
5.16 

8.20 
7.67 

7.13 
6.58 
6.02 
S45 
4.87 
4.29 
3.70 

6.45 
6.05 
5.63 
5.20 
4.77 
4.33 
3.87 

341 
2.95 

3.83 
349 

2.76 

2.39 
2.01 

2.87 

2.54 
2.20 
185 


212.0 

1997 
187.2 

1747 
162. 1 

149-3 
136.3 
123.2 
109,9 

180.0 
169.8 
159.2 
148.8 
138.1 
127.2 
116.3 
105.3 

93.9 
82.6 

131.2 
122.7 
114.1 
105.3 
96.3 
87.2 

77.9 
68.6 

59? 

103.2 
96.8 
90.1 
83.2 
76.3 
69.3 
61.9 
54.6 
47.2 

61.3 
55.8 
49.9 
44.2 
38.2 
32.2 

40.6 
35.2 
29.6 


8.67 
7.84 
7.00 


6.72 
6.00 
S.27 


6.17 

5S9 
5.00 
4.40 
3.80 


4.92 
447 
4.00 

3.52 
30s 

3.98 
3.63 
3.25 
287 
2.49 
2.09 

2.65 
2.30 
1.93 


138.7 
1254 
112.0 


118,7 

107.5 
96.0 

84.3 


987 
894 
80.0 

704 
60.8 


78.7 

6^.0 

56.3 
48.8 

63.7 
58.1 
52.0 

459 
39.8 
334 

48.0 

424 
36.8 
30.9 


67 


TABLE 

CABlfFJaK  ASGLES. 

Net  Asbas  asd  Aixowablm,  Texsuss  Valuss  is  Tbocsasos  or 
Maximnm  Fiber  Sctcsb,  i6/xx>  Pbonds  per  Sqoaxe  ladh. 


6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 

6X 
6X 
6X 
6X 
6X 
6X 
6X 
6X 
6X 

SX 

sx 

5X 
SX 
5X 
SX 

SX 
SX 
SX 
SX 
SX 
SX 

4X 
4X 
4X 
4X 
4X 
4X 
4X 

4X 
4X 
4X 
4X 
4X 


i 

H 
i 

f 
* 

i 

i 

i 
H 

i 

f 
* 

i 

i 

i 
* 

I 

i 
ft 

i 
ft 
i 
ft 

I 

ft 
i 
ft 
i 

ft 
i 

i 
ft 
i 
ft 

i 


33-1 
3I-0 

28-7 
As 

21-9 

I9u6 
17-2 
14-9 

27-2 

25-f 

23-6 

aoio 
i8.i 

16.2 

14-3 
12.3 

i6w8 
iS-2 
13-6 

I2jO 

104 

8-7 

14-3 

ii.j 

9^ 
8^ 

iS-7 
14-3 

12^ 

II.3 
9^ 

6j6 

II.I 
9J 
8.S 
7-2 
S-8 


9-73 

gS39 

844 

7-78 
7.II 

6L43 

5-7S 
^o6 

4.36 

7-98 
7-^7 
6^ 
6u|0 
S-86 
S-31 
4.75 
4.18 
3.61 

4^ 
4-»7 
4x0 

3-53 
3-oS 
2-56 

4^1 
4-18 

3-75 
3-31 

2J6 

2-#0 

461 
4-18 

3-75 

^3I 

2^ 
2-#0 

i-9i 

3^5 
2^ 
^^ 
2-09 
1.69 


Net 


Area. 


8^5 
8^ 
7-69 
7-09 
6.48 

S-87 
S-25 

4.62 

3.98 

7.10 
6l66 
6lI9 

S-71 
S-23 

4-75 
4-25 
3-74 
3-23 


3-91 
3-50 
3-09 

2^ 

2^5 

3^ 

3-62 

3^S 

2^7 

2-|8 
2J09 

3^ 
3-62 
3-25 
2^ 
^^ 

2J09 

ii59 

2-75 
2-13 
2.10 

1-78 


141^ 

132.5 

123^ 

"3-f 

103.7 

93-9 

840 

73-9 

63-7 

ii3j6 

106^ 
99^ 
91-f 

83.7 
76^ 
6BjO 
59^ 

Si-7 

68^ 
62.6 

560 


42.7 
3610 

63-7 
57-9 
52-0 
45-9 
39-7 
33-* 

63-7 
57-9 
52^ 
45-9 
39^7 
33-f 
27-0 


35.9 
33^ 
23.5 
23^ 


8.96 
8.38 
7.78 
7.18 
6.56 
5-9* 
5-3 1 
4-68 

4-03 

7.21 
6.76 

d28 

SJBo 

5-31 

4-82 

4-31 

3-80 

^28 

4-37 
3-98 
3-56 
3-15 

2.72 

2J9 

406 
3.69 
3-31 

2-93 
2-53 
2-13 

406 
3^ 
3-31 
2-93 
2-53 
2-13 
1-72 

2.81 
2-t9 
215 
1^2 

M7 


143-f 
I34-J 
124-5 
"4-9 

9S-0 

SsJO 

74-9 
64-5 


6^ 

6jat 

5-37 

4-n 

4flg 


85.^ 


"5-f  

108  J 

ioa5  

92.8  

85-0  5-39  86.J: 

77.1  4^  7«-^  i 

69^  4-37  fe' 

6ol8  ^s  ^^  ^ 

52-5  3-33  53-5 

69^9  4-45  7T-I 

63.7     .      405  ^^ 

57^  3  A  r=^ 

504  3J0  51-= 

43-5  2.77  44-_- 

36-6  233  1-5 

65ja  4.14  66^ 

59^     .      3-76  6c^ 

53-0  3-37  53  - 

46.9  2.98  4r  • 
40.5  2.58  41-5 

34-1  2.17  J4-- 

65^  4.14  66.* 

59-0  3-76  6c^ 

53-0  3-37  53-- 

46.9  2.98  4*- 

40.5  2.58  41  ?  . 

34-1  2-17  34-*  . 

27-5  I-7S  25^  . 

4SJa  2^  45  - 

39-8  2.54  4C-- 

344  2JO  XZZ 

39.1  I.S6  ».*  , 

23.5  1.50  Z4j:  I 


v,i.t"iiiiiiii  F&er  Screak.  zi».xx  Prnrnrip  9rr  Si;nzBre  InrlL 


I 


Fl 


• 


»         4  :3^-t  5.»  55?  S?--  5-%5  y*-^  ^y 

^  7T  ■  suti  5-3C  #^-2  5-35  5=-J  5~ae  51-1  j 

J         <  izz  51?  i"^  **-=  2-i:  4f-  ^-^  45--^ 

t        ^  z^  ii^  5-»5  5^^  s-^i  ?^  i-S4  '•^-^ 

i        J^  -^  7^  i-»l  xJ.5  i-is  SK^  ijt  »i 

s        *•  zJ^  r.t»i  i.*A  ^5^  i-ir  rf5  1=  s«-r 

i  ji-i  5-3C  2.==  -<=-=  s.?i  *i-=  s..ts  42- 

^  vi  i::c  5-ia  5f-*  2-="  5^5  -52  J-J 

I  -s  r.5:  1.31  ic-  i.r-  51.5  s-ae  51-5 

J^  1^  r.:^  1-ts  if*  i-«  2:-i  I'TC  ir-i 

•  5ut  i-ff  1 51  ri  =  1 54  i^-4  15"  ii-« 

£       ^  i5  5-r5  ijc  5:-$  rac  51-f  xjr  55-t   j 

t         I  --r  xi:  1-5  r-*  i-i  rlc  i-f5  3^5  ' 

f        J^  ij  L.-?*  i-c*  -55  151  ^*-=  i£5  ^«-*   ; 

j         ;  4^  1.-4*  1  iz  3;-=  i-=s  I=*5  1-25  ^^^   j 

I  5^  i-5  i^  pi^  S.51  5--=  2.5-  r--c  j 

^  I5  s^z  ijQ  5;-§  2-3C  5i-§  ijr 

rt          {  -^  S.12  i-^  r--*  i-f  rf.5  1-J5 

5         i  tj  X-*  i-<-  r55  1-51  S4-S  1.55  i«-^ 

?         i  4^5  i-«  1 55  5;*^  1-2S  »-5  1-^  3Eir 


-^^1 


5  *-  ii  f  *.f  1.3=  If*                 S4-f                  l.fr                ^f-*  -^  ^^ 

5  #  ii  ^  5-t  i_t2  151           ii-s            155           ri-t  1.35  21-1 

5  ^  2»  S  -«-5  1-5'  i-3"^            ^"-2            •-=■*           ^-»  *-^  ^^ 

^»  -^  ^  I  f-y  l"?             -           !-#=             ^=-4  *-*5  *5-S 

Li  »    Z*  i  4-1  1  3*                                      ="5"                 35-5  1-3C  •^^ 

i«  *- i*  i  jjT-  s^ac            ...                =^-4            II-?  ^i^^'f  »ii 

zi  ^  z  i  5.5  1-55         1-22            iz^z  1-r-  JCt 

2«  *'  2  ^  4-5  I.5I            l-=4                1^  1-3*  **-? 

i*  •  2  J  5.^  1  a^  C.54            15-4  CL?*  I5.C 

If  ^  2  i  2^-5  2^f  1  zjSq           ic-4  =^^^  ■^^ 

2  X2  I  4.-  1?£  1-rf  1-5 

2  »    2  ^  V?C  1.15  C^32  14-- 

2^2  i  539  'Z.Z^  C^*5  12-C 

2  *'2  4  2-44  21-1  =15-  CJ 

2  ^^  21  4  5-?5  i-ac  =-••  12>5 
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TABLE  30 

Safe  Loads,  in  Tons,  for  Equal  Leg  Angles 

American  Bridge  Company  Standards 


C..«    «M»     A  •.•#<«•> 

Lbngth  of  Span  m  Fbbt                                                   | 

I 

a 

3 

4 

5 

6 

7 

8 

9 

10 

tz        la 

5 

8"X8" 

li" 

93-493 
44.640 

46.747 
22.320 

31.164 
14.880 

23.373 
II. 160 

18.699 
8.928 

15.582 
7.440 

13.356 
6.J77 

11.687 
5-580 

10.388 
4.960 

tjg 

8.499  7.79i 
4.058.3.720 

6"X6" 

I 

1 

45707 
18.827 

22.854 

6.276 

11.427 
4.707 

9. 141 
-1-765 

7.618 
3.138 

t^ 

5.713 
2.353 

5.078 
2.092 

4.571 
1.883 

4.155,3.809 
1.712I1.569 

s"xs" 

I 

30.933 
12.907 

15.467 
6.453 

10.3  II 
4.302 

7.733 
3.227 

6.187 
2.581 

5.156 
2.I5I 

4.419 
1.844 

3.867 
I.613 

3.437 
1.434 

3.093 
1. 291 

2.812I2.578 
I.i73!i075 

♦"X4" 

tt 

16.053 
5.600 

8.027 
2.800 

f:il^ 

4.013 
1.400 

3.211 
1. 120 

2.676 
.933 

2.293 
.800 

2.007 
.700 

1.784 
.622 

1.605 
.560 

1459I1.338 
.510I  .467 

3J"X3i" 

le 

12.000 
2.720 

6.000 
1.360 

4.000 
.907 

3.000 
.680 

2.400 
.544 

2.000 

.453 

1.714 
.388 

1.500 
.340 

1.333 
.302 

I.2C*> 
.272 

1. 091 
•H7 

1.000 
.227 

3"X3" 

■ 

6.933 
1.600 

'•.^ 

2.3 1 1 

-.533 

1.733 
.400 

1.387 
.320 

■;:i? 

.990 
.229 

.867 
.200 

.770 
.178 

.693 
.160 

.630 
.145 

.578 
.133 

*i"xii" 

i 

4.747 
I.J33 

'n 

1.582 
.444 

I.187 
.333 

:r6? 

.791 
.222 

.679 
.190 

.167 

.527 
.148 

475 

.133 

.431 
.121 

.396 
.III 

2j"X2j" 

1 

3.893 
1.067 

1.947 
.533 

1.298 
.356 

.267 

.779 
.213 

.649 

.178 

.556 
.152 

.487 

.I3T 

.433 
.118 

.389 
.107 

.354,  .324 
.0971  .089 

*i"X2i" 

1  ' 

3.093 
.853 

1.546 
4*7 

^^i: 

.773 
.213 

.619 

.171 

.515 
.142 

.442 
.122 

.387 
.107 

.344 
.095 

.309 
.085 

.281 
.078 

.258 
.071 

2"X»" 

t 

2.133 
.693 

1.067 
.347 

.711 
.231 

.533 
.173 

.427 
.139 

.356 
.116 

.305 
.099 

.267 
.087 

.237 
.077 

.213 
.069 

.063 

.178 
.058 

irxii" 

A 

1.600 
•533 

.800 
.267 

:i5l 

.400 
.133 

.320 
.107 

.267 
.089 

.229 
.076 

.200 
.067 

.178 
.059 

.160 
.053 

.145 
.048 

.133 
.044 

irxij" 

1. 01 3 

.384 

.507 
.192 

.338 
.128 

2ii 

.203 
.077 

.064 

.145 

.055 

.127 
.048 

.113 
.043 

.101 
.038 

.092 
.035 

.084 
.032 

il"Xil" 

t 

.587 
.261 

.293 
.131 

X 

« 

.117 
.052 

.098 
.044 

.084 
.037 

.073 
.033 

.065 
.029 

.059 
.026 

.053 
.024 

.049 
.022 

lJ"Xii" 

t 

.304 
.213 

.152 
.107 

.101 

.071 

.076 
.053 

.061 
.043 

.036 

.043 
.030 

.038 
.027 

.034 
.024 

.030 
.021 

.028 
.019 

J02S 
.018 

l"Xl" 

i 
.109 

.299 
.149 

.149 

.075 

.099 

.050 

.075 
.037 

.060 

.030 

.050 
.025 

.043 
.021 

.037 
.019 

.033 
.017 

.029 
.015 

.027 
.013 

.025 
.012 

l"xl" 

s 

.096 

X3SS 

.048 

.059 
.032 

.044 
.024 

.035 

.019 

:SJI 

.025 
.014 

.022 
.012 

.020 
.Oil 

.018 
.010 

.016 
.009 

:^ 

l"xi" 

s 

.128 
.069 

.064 
.035 

.043 
.023 

.032 
.017 

.026 

.014 

.021 
.012 

.018 
.010 

.016 
.009 

:^ 

.013 
.007 

.012 
.006 

.011 
.006 

i"xl" 

!k 

.060 
.047 

.030 

.023 

.020 
.016 

.015 
.012 

.012 

.009 

.010 
.008 

.009 
.007 

.007 
.006 

.007 
.005 

.006 
.005 

.005 
.004 

.005 
.004 

J"xi" 

Jv 

.037 
.029 

.019 

.015 

.012 
.010 

.009 
.007 

.006 

.006 
.005 

.005 
.004 

.005 
.004 

.004  .004 
.003   .003 

.003 
.oqj 

.003 
.002 

Safe  Load  in  tons  of  2000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16,000 
pounds  per  square  inch:    The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 
hitermediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  weight. 
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TABLE  31 

Safb  Loads,  in  Tons,  for  Unequal  Leg  Angles 

American  Bridge  Company  Standards 


SBb  or  Ancls 

h 

> 

LxNGTB  OF  Span  in  Pbbt                                                1 

z 

.a 

3 

4 

5 

6 

7 

8 

9 

zo 

zz 

za 

s 
1 

8"X6" 

i" 

8 
6 

80.586 

47:5.73 

t3:7li 

26.862 

15.857 

20.147 
11.893 

16.117 
9.515 

13.431 
7.928 

II.512 
6.796 

10.073 
5-946 

8.954 
5.286 

8.058 
4.757 

7.326 

4-J*5 

6.715 
J.964 

A 

8 
6 

37.706 
22.560 

18.853 
11.280 

12.568 
7.520 

9.426 
5.640 

7.541 
4.512 

6.284 
3760 

5.387 
3.222 

4.713 
2.820 

4.189 
2.567 

3.771 

2.256 

3.428 
2.051 

i!88o 

8"X3J" 

I 

8 
3J 

73.488 
16.079 

36.744 
8.039 

24.496 
5.359 

18.372 
4.020 

14.696 
3.216 

12.500 
2.679 

10.498 
2297 

9.186 
2.010 

8.165 
1.786 

7.349 
1.608 

6.681 
1.461 

6.250 
i.?40 

A 

8 
3i 

34.312 
7.801 

17.156 
3.900 

2.000 

8.578 
1.950 

6.862 
1.560 

5.718 
1.300 

4.901 
I.II4 

4.289 
0.975 

3.812 
0.867 

3.431 
0.780 

3.119 
0.709 

2.859 
0.650 

f'Xji" 

I 

/» 

56.427 
15.787 

28.213 
7.893 

18.819 
5.262 

14.107 
3.947 

11.285 
3.157 

9.404 
2.631 

8.061 
2.255 

7.053 
1.973 

6.270 
1.754 

5.643 
^•579 

5.130 

'•4J5 

4.702 
I.J16 

i 

/l 

23.093 
6.720 

11.547 
3.360 

7.698 

2.240 

1.680 

4.619 
1.344 

3.845 
1. 120 

3.299 
.960 

2.887 
.840 

2.566 
.747 

2.309 
.672 

2.099 

.611 

1.924 
.56c 

6"X4" 

I 

6 

4 

42.773 
20.213 

21.387 
10.107 

•nn 

10.693 
5053 

8.555 
4.043 

7.129 

3.?69 

6.II0 
2.888 

5  347 
2.527 

2.246 

4.277 
2021 

3.888 

I.8j8 

\t\ 

f 

6 

4 

17.707 
8.533 

8.853 
4.267 

5.902 
2.844 

4.427 
2.133 

3.541 
1.707 

2.951 
1.422 

2.529 
1.219 

2.213 
1.067 

1.967 
.948 

1.771 
.853 

1.609 
.776 

1.476 
.711 

6"X3r 

I 

6 
3i 

41.760 
15.467 

20.880 
7.733 

13.920 
5.156 

•t^ 

8.352 
3.093 

6.960 

2.57« 

5.966 
2.209 

5.220 
1-93? 

4.640 
1.719 

4.176 
1.546 

3.796 
1.407 

3.48c 
1.289 

A 

6 
3J 

14.613 
5.547 

7.307 
2.773 

4.871 
1.848 

3.653 
1.386 

2.923 
1. 109 

2.435 
.924 

2.087 
.792 

1.827 
.69? 

1.624 
.616 

1.461 

•555 

1.328 
.504 

1.218 
.462 

S"X4" 

I 

5 

4 

26.613 
17.653 

1;826 

8.871 
5.884 

6.653 
4.413 

5.323 
3.531 

4.435 
2.942 

3.802 
2.522 

3.327 
2.207 

2.957 
1.961 

2.661 
1.765 

2.418 
1.605 

2.217 
1.471 

i 

5 
4 

12.480 
8.373 

6.240 

4.186 

4.160 
2.791 

3.120 
2.093 

2.496 
1.675 

2.080 
1-395 

1.783 
1.196 

1.560 
1.046 

1.387 

.9?o 

1.248 
.837 

1.134 
.761 

1.040 
.697 

S"X3l" 

I 

/. 

26.026 
13.440 

13.013 

6.720 

8.675 
4.480 

6.506 
3.360 

i:^i 

4.338 
2.240 

3.718 
1.920 

n^ 

2.892 
'•493 

2.603 
^•?44 

2.366 

1.222 

2.160 
1.120 

A 

/. 

10.346 
5.440 

5.173 

2.720 

3.449 
I.813 

2.587 
1.360 

2.069 
1.088 

1.724 
.907 

1.478 
.777 

':^ 

1.149 
.604 

1.035 

•544 

.941 
•49f 

.844 
•459 

S"X3" 

H 

5 

3 

23.733 
9.280 

11.867 
4.640 

7.91 1 
3.093 

5.933 
2.320 

1.856 

3.955 
1.546 

3.390 
1.326 

2.967 
1. 160 

2.637 
1.03 1 

'■& 

2.157 
•84? 

1.977 

ft 

5 

10.080 
4.000 

5.040 

2.000 

3.360 
1.333 

2.520 
1.000 

2.016 
.800 

1.680 
.666 

1.440 

.571 

1.260 
.500 

1. 120 
•444 

1.008 
.400 

.931 
.j6j 

.84c 
•??^ 

♦l"X3" 

H 

4i 
3 

19.306 
9.120 

9.653 
4.560 

6.433 
3.040 

4.827 
2.280 

3.861 
1.824 

3.217 
1.520 

2.758 
1.303 

2.413 
1.140 

2.145 
1. 01 3 

1.931 
.912 

•^ 

1.689 
.76c 

ft 

4} 
3 

8.213 
4.000 

4.106 
2.000 

2.738 
1.333 

2.053 
1.000 

'is. 

'•|^   ''III 
.666(     .571 

1.027 
.500 

.913 
.444 

.821 
.400 

■z 

.684 

.333 

Safe  Load  in  Tons  of  3000  pounds  uniformly  distributed,  for  maximum  Al>er  stress  of  (6,000 
pounds  per  square  inch.    The  Safe  Load  includes  weight  of  Angle.    The  Safe  Load  for  Angles  of 
intennediate  »h8/-im»..  can  be  assumed  as  proportional  to  their  area  or  weight. 
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TABLE  3i.— Continued 

Safe  Loads,  in  Tons,  for  Unequal  Leg  Angles 

American  Bridge  Company  Standards 


Caw  rw    Amri.k 

> 

Lbngtb  cm  Span  dt  Fbst 

X 

a 

3 

4 

5 

6 

7 

8 

9 

10 

II 

la 

8 

4"X3i" 

H" 

,\ 

15.573 
12.267 

7-7^7 
6.133 

5.I9I 
4.089 

3.893 
3.067 

3.IIS 
2.453 

2.59s 
2.044 

2.225 
1.752 

1-947 
1-533 

1.730 
1.363 

1.558 
1.227 

1416 
1.115 

1.298 
1.022 

A 

A 

6.720 
5.333 

\'^. 

2.240 
1.778 

1.680 
1.333 

1.067 

1. 120 

.889 

.960 
.768 

X 

•747 

.672 

.533 

.619 
.485 

.560 
-444 

♦"X3" 

H 

4 
3 

15.307 
8.960 

7.653 
4.480 

5.102 
2.987 

3.827 
2.240 

3.061 
1.792 

2.551 
1.493 

2.187 
1.280 

I.9I3 
1. 120 

I.701 
-995 

■:IU 

1. 391 
.814 

1.275 
-747 

i 

4 
3 

5.333 
3.200 

2.667 
1.600 

1.778 
1.067 

1.333 
.800 

1.067 
.640 

.889 
.533 

.762 
457 

.667 
.400 

•593 

•533 
.320 

485 
.297 

X 

4"X2j" 

i 

ti 

11.627 
4.053 

5.813 
2.026 

3.875 
I.351 

2.907 
1. 01 3 

2.325 
.811 

1.938 
.675 

1.661 
.599 

1453 
.507 

I.29I 
-•45' 

1. 163 
.405 

'■^ 

•969 
.338 

1 

ti 

7.413 
2.613 

3.707 
1.307 

T7; 

1.853 
.653 

1483 
.523 

1.235 
.435 

1.059 
.373 

.927 
.327 

.824 
.290 

■^\ 

.674 
.237 

.618 
.218 

V'Xa" 

f 

4 

2 

7.253 
2.027 

3.627 
1. 01 3 

X 

1.813 
.507 

I.451 
.405 

1.209 

.338 

1.036 
.289 

.907 

.253 

.806 
.225 

.725 
.203 

X 

.169 

i 

4 

2 

5.013 
1440 

2.507 
.720 

1.671 
.480 

\?d 

1.003 
.288 

.835 
.240 

.206 

.627 
.180 

.160 

.501 
.144 

456 

.131 

418 
.120 

3J"X3" 

H 

3} 

3 

''s^ 

5.867 
4400 

3.911 
2.933 

2.933 
2.200 

1.760 

1.955 
1.578 

1.676 

1.257 

1.467 
1. 100 

1.304 

-978 

1.173 
.880 

1.067 

.800 

.978 
•733 

i 

3l 

3 

4.160 
3.093 

2.080 
1.547 

1.387 
I.031 

1.040 
.773 

.832 

.619 

.693 
.515 

•S94 
44* 

■^ 

462 

•344 

.309 

.378 
.281 

•344 
.258 

3i"X2j" 

H 

11 

9.867 
5.280 

f.933 
2.640 

3.289 
1.760 

2.467 
1.320 

1.973 
1.056 

1.644 
.880 

1.409 
•7S4 

-s 

•X 

tl 

■X 

.822 
.440 

i 

'.1 

4.000 
2.187 

2.000 
1.093 

1.333 
.729 

1.000 
•547 

.800 

437 

.666 
.364 

•S7I 
.312 

500 
.273 

.444 

•243 

1^. 

.364 
.199 

.333 
.182 

3J"Xi" 

i 

3i 

2 

5.600 

2.027 

2.800 
1. 01 3 

1.867 
.675 

1.400 
.507 

1.120 
405 

.933 

.338 

.800 
.289 

.700 
•»S3 

.622 

.225 

.560 
.203 

.509 
..84 

.169 

i 

3* 

2 

3.840 
1.387 

1.920 
.693 

1.280 
462 

.960 
.347 

.768 
.277 

.640 
.231 

.548 
.198 

-48a 
-»73 

427 

.l»54 

.384 
.149 

•349 
.126 

.320 
.115 

3i"Xa" 

A 

3l 

2 

6.933 
2.827 

3466 
1413 

2.3  II 
.942 

1.733 
.707 

1.386 
.565 

1.155 
.471 

.990 
•4<H 

,867 
•353 

.770 
•?»4 

.693 

.283 

.630 
•257 

•578 
.235 

i 

3i 

2 

3.360 
1.387 

1.680 
.693 

I.I20 
462 

.840 
.346 

.672 
.277 

.560 
.231 

480 
.198 

.420 
-173 

•373 
-154 

:'4t 

TA 

.280 
.lis 

ji"Xi|" 

A 

Jt 

2.507 
.693 

1.253 
.347 

.835 
.231 

.627 
.173 

.501 
.139 

418 
.115 

•358 
•099 

.087 

.278 
.077 

■z 

.228 

;o63 

.209 
•057 

3"XiH" 

A 

.i» 

6.240 
5.547 

3.120 
2.773 

2.080 
1.849 

1.560 
1.387 

1^8 
1. 109 

IX^O 

.924 

.891 
.792 

•691 

.616 

.624 

•555 

.567 
.504 

.520 
462 

3"XiH" 

A 

4 

6.240 
5.067 

3.120 
2.533 

2.080 
1.689 

1.560 
1.267 

1.248 
1.013 

1.040 
.844 

.891 

.724 

.633 

.563 

.624 
.507 

.567 
461 

•520 
422 

3"X2i" 

A 

.'. 

6.133 
4.373 

3.067 
2.187 

1.458 

1.533 
1.093 

1.227 
.875 

IX>22 
.729 

.876 
.625 

.767 
•547 

.681 
486 

.613 

•4?7 

•557 
•397 

•364 

A 

ii 

2.293 
1.653 

1.147 
.827 

.764 
.551 

.573 
.413 

459 
.331 

.382 
.275 

.328 
.236 

.287 
.207 

:?i^ 

.229 
.165 

.208 
.150 

.191 
.138 

Safe  Load  in  tons  of  aooo  pounds  uniformly  distributed,  for  mazimum  fiber  stress  of  16.000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.    The  Safe  Load  for  Angles  of 
intermediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  weight. 
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TABLE  31.- 

Safb  Loads,  in  Tons,  for  Unbqdai.  Lbg  Angles 
American  Bridgb  Company  Standards 


> 

LsNGTH  or  Span  m  Fbbt 

X 

a 

3 

4 

5 

6 

7 

s 

0 

10 

II 

IS 

a 

J"X*" 

r 

5-333 
2.507 

2.667 
I.2S3 

1.778 
.835 

■iij 

1.067 
.501 

.n 

,762 
.358 

.667 
.313 

,592 

.278 

.533 
.251 

:^i 

444 

.209 

A 

2.187 
1.067 

1.093 

•5313 

.729 

•355 

■IS 

437 
.213 

•365 
.178 

.312 
.152 

.273 
.133 

.243 

.118 

.219 
.107 

•199 
.097 

,182 
.089 

2j"X*" 

* 

2i 

3733 
M53 

1.867 
1.227 

!8i8 

.933 
.613 

.747 
491 

.622 
•409 

•533 
.350 

467 
.307 

415 
.272 

.373 
.245 

.339 
.223 

.311 
.204 

A 

i 

1.067 

.773 
.533 

.515 

.355 

.387 
.267 

.309 
.213 

.258 
.178 

.221 
.152 

•193 
.133 

.118 

•155 
.107 

.141 

.097 

.129 
.089 

*j"xii" 

A 

*t 

1.280 

1.223 
.640 

.818 
427 

.613 
.320 

.256 

•409 

.21} 

.350 
.183 

.160 

.272 
.142 

:rj 

.223 
.116 

.204 
.107 

A 

';IS 

.773 
400 

.267 

.387 
.200 

.160 

.258 
•133 

.221 
.114 

.193 
.100 

■X 

:^ 

.141 
.073 

.129 
.067 

2*"XlJ" 

A 

2} 

i-347 
-907 

1.173 
453 

.782 
.302 

.587 
.227 

469 
.181 

•391 
.151 

•335 
.129 

.293 
.113 

.261 
.101 

.235 
.091 

.082 

.195 
.075 

A 

^i 

■« 

.747 
.293 

497 
.195 

•373 
.147 

.299 
.117 

•H9 
.098 

.084 

.187 
.073 

.166 
.065 

.149 
.059 

.136 
•053 

.124 
.0^9 

2i"Xli" 

A 

2 

1.227 

.352 

:i^ 

409 
.117 

.307 

.245 
.070 

.204 
.059 

•175 
.050 

.153 
.044 

.136 
.039 

.123 
.035 

.III 

.032 

.102 
.029 

2i"XlJ" 

i 

2  : 

2.880 
1.387 

■s 

462 

.720 
.347 

.576 
.277 

•480 
.231 

411 
.198 

.360 
•173 

.320 
•154 

.288 
.139 

.262 
.126 

.240 
.115 

A 

I 

1.227 
.S87 

.613 
.293 

409 
.195 

.307 
.147 

.245 
.117 

.204 
-098 

.084 

.153 

.078 

•x 

.123 
•059 

.III 
.053 

.102 
.049 

a"XiJ" 

f 

A 

I.8I3 
1.067 

.907 
.533 

.604 

.355 

1^ 

.363 
.213 

.302 
.178 

•259 
.152 

.227 
.133 

.201 
.118 

.181 
.107 

.165 
.097 

■'A 

i 

*§ 

.693 
400 

.347 
.200 

.231 
.133 

.173 
.100 

.139 
.080 

.IIS 
.067 

.099 
.057 

.087 
.050 

.077 
.044 

.069 

.040 

.036 

.058 
•0?? 

a"Xif" 

1 

i| 

1.760 
.907 

.880 

•453 

.587 
.302 

440 

.227 

.352 
.181 

.293 
.151 

.251 
.129 

.220 
.113 

•195 
.101 

.176 
.091 

.160 
.082 

.147 
.075 

A 

A 

.960 
.501 

480 
.251 

.320 
.167 

.240 
.125 

.192 
.100 

.160 
.083 

.137 
.072 

.120 

.107 

.056 

.050 

.087 
.04? 

.080 
.042 

a"Xii" 

i 

*l 

1.227 
.517 

.613 
.259 

409 
.172 

.307 
.129 

.245 
.103 

■^ 

.175 
.074 

:J§ 

.136 
•057 

.123 
.052 

.Ill 

.047 

.102 
.043 

A 

A 

.960 

400 

480 
.200 

.320 
•133 

.240 
.100 

.192 
.080 

.160 
.067 

.137 
.057 

.120 
.050 

.107 
.044 

.096 

.040 

.087 
.036 

.080 
•033 

Safe  Load  in  Tona  of  3,000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16,000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles 
of  intermediate  thiclrness  can  be  assumed  as  proportional  to  thehr  area  or  weight. 
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TABLE  31.— -Continued 

Safe  Loads,  in  Tons,  for  Unequal  Leg  Angles 

American  Bridge  Company  Standards 


*>-—       ....        A. MM 

I5 

> 

LxNGTH  OF  Span  in  Fbbt 

I 

3 

3 

4 

5 

6 

7 

8 

9 

zo 

If 

12 

irxii" 

I" 

.960 
.S07 

.480 

.253 

.169 

.240 
.127 

.192 
.101 

.160 
.084 

.137 
.072 

.120 

.063 

.107 
.056 

.096 
.051 

.087 

.046 

.080 
.042 

i 

It 

.501 
.277 

.251 
.139 

.167 
.092 

.069 

.100 
.055 

.083 
.046 

.072 
.040 

.063 
.035 

.056 
.031 

.050 

.028 

.045 
.025 

.042 
.023 

irxii" 

i 

if 

.907 
.411 

.453 
.205 

.302 
.137 

.227 
.103 

.181 
.082 

:iil 

.129 
.059 

.113 
.051 

.101 
.046 

.091 
.041 

.082 

.0J7 

.075 
.034 

i 

li 

.496 
.229 

.248 
.115 

.076 

.124 
.057 

.099 
.046 

.083 
.038 

.071 
.033 

.062 
.029 

•055 
.025 

.050 
.023 

•045 
.021 

.041 
.019 

irxii" 

A 

I 

.603 

.426 
.301 

.284 
.201 

.213 
.151 

.171 
.120 

.142 
.100 

.122 
.086 

.107 
.075 

.067 

.060 

.077 
.055 

.071 
.050 

A 

.533 
.389 

.267 
.195 

.178 
.129 

.133 
.097 

.107 
.078 

.065 

.076 
.056 

.067 
.049 

.059 
.043 

.053 
.039 

.048 
.035 

.044 
.032 

if'Xi" 

i 

.S65 
.315 

.283 
.157 

.188 
.105 

.141 
.079 

.063 

.094 
.052 

.081 
.045 

.071 
.039 

.063 
.035 

.056 

.031 

.051 
.029 

.026 

I 

i| 

.304 
.171 

.085 

.101 
.057 

.076 
.043 

.061 
.034 

.051 
.028 

.044 
.024 

.038 
.021 

.034 
.019 

.030 

.017 

.028 
.015 

.025 
.014 

ii"xr 

A 

1' 

.432 
.187 

.216 
.093 

X 

.108 
.047 

.086 
.037 

.072 
.031 

.062 
.027 

.054 
.023 

.048 
.021 

.043 

.019 

.039 
.017 

.036 
.015 

i 

If 

.299 
.139 

■X 

.046 

.075 
.035 

.060 
.028 

.050 
.023 

.043 
.020 

.037 
.017 

.033 
.015 

.030 

.014 

.027 
.013 

.025 
.Oil 

ii"xr 

i 

li 

.128 

iS 

.083 
.043 

.063 
.032 

.050 
.026 

.042 
.021 

.036 
.018 

.031 
.016 

.028 
.014 

.025 
.013 

.023 
.012 

.021 
.oil 

iA"x«" 

A 

■iJ 

.256 
.144 

.128 
.072 

.085 
.048 

.036 

.051 
.029 

.043 
.024 

.036 
.020 

.032 
.018 

.028 
.016 

.026 

.014 

.023 
.013 

.021 
.012 

i"Xf" 

A 

.224 
.133 

.112 
.067 

.075 
.044 

.056 
033 

.045 
.027 

.037 
.022 

.032 
.019 

.028 
.017 

.025 
.015 

.022 

.013 

.020 
.012 

.019 
.oil 

i 

.160 
.091 

.080 
.045 

.053 
.030 

.040 
.023 

.032 
.018 

.027 
.015 

.023 
.013 

.020 
.Oil 

.018 
.010 

.016 

.009 

•^S 

.013 
.007 

i"Xf" 

A 

.219 
.091 

.109 
.045 

.073 
.030 

.055 
.023 

.018 

.036 
.015 

.031 
.013 

.027 
.Oil 

.024 
.010 

.022 

.009 

.020 
.008 

.018 

.007 

i 

1 

iU 

.077 
.032 

.051 
.021 

.039 
.016 

.031 
.013 

.026 
.011 

.022 
.009 

:^ 

.017 
.007 

:^ 

:^ 

.013 

.005 

f"xj" 

•09s 

i 

.091 

.029 

^5 
.014 

.030 
.010 

.023 
.007 

.018 
.006 

.015 
.005 

.013 
.004 

.011 
.004 

.QIC 
.003 

.009 
.003 

.008 
.003 

.007 

.002 

«"xr 

A 

? 

.117 
.048 

.059 
.024 

.039 
.016 

.029 
.012 

.023 
.010 

.019 
.008 

.017 
.007 

■^ 

013 
.005 

.012 
.005 

.011 
.004 

.010 
.004 

Safe  Ixmd  in  tons  of  a,ooo  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16,000 
pounds  per  square  inch.    The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 
intermediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  weight. 
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TABLE  32. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


y 

i 

^r 

Momenta  of  Inertia 

For  Diatancet 

of  Four  Angles, 
AxUX>X. 

^   .-   -. 

-^<i 

Meaaured 
from 

EqimlLes.. 

1 

Back  to  Back. 

JE=_J. 

a 

rxai 

" 

3"xy'                           1 

Thick, 

A" 

i" 

A" 

1" 

A^' 

♦" 

Thick. 

i" 

A" 

1" 

A" 

*" 

A" 

1" 

Are*4l« 

3^ 

4.76 

5.88 

6^a 

8^ 

9X» 

Area4L* 

5.76 

7.xa 

8^4 

9,7a 

XZ.00 

xa.34 

X3-44 

d" 

Mom 

ntaof] 

[nertiai 

^boot^ 

LxiaX-S 

[.  InA 

d" 

Momenu  of  Inertia  About  Axia  X-X.  In.« 

Si 

17 

22 

27 

31 

35 

39 

a 

38 

46 

54 

61 

68 

75 

80 

si 

19 

25 

30 

35 

39 

43 

42 

50 

58 

67 

75 

83 

88 

6 

21 

28 

33 

39 

44 

48 

7 

46 

55 

65 

73 

82 

89 

96 

61 

1^ 

30 

37 

43 

48 

53 

7i 

SO 

60 

70 

80 

89 

97 

104 

6} 

6} 

33 

40 

47 

53 

1^ 

71 
71 

54 

65 

76 

86 

96 

106 

"4 

28 

36 

44 

SI 

S8 

64 

58 

70 

82 

93. 

104 

114 

123 

7 

31 

40 

48 

1^ 

^ 

7? 

8 

62 

76 

89 

lOI 

113 

124 

133 

7i 

H 

43 

52 

61 

69 

76 

81 

67 

81 

95 

108 

121 

133 

143 

7* 

36 

46 

57 

66 

75 

l^ 

81 
8} 

72 

87 

102 

116 

130 

143 

'5^ 

7i 

39 

SO 

61 

71 

81 

89 

77 

94 

no 

125 

139 

153 

16s 

8 

4^ 

54 

66 

77 

87 

96 

9 

82 

100 

117 

133 

149 

164 

177 

Bl 

45 

1^ 

71 

82 

94 

104 

9I 

87 

106 

125 

142 

159 

'21 

189 

8} 

48 

62 

76 

88 

lOI 

III 

9f 

93 

113 

134 

151 

169 

186 

201 

8} 

5» 

66 

81 

94 

108 

119 

9t 

99 

120 

141 

161 

180 

198 

214 

9 

54 

71 

87 

lOI 

115 

127 

10 

105 

127 

ISO 

171 

191 

211 

228 

9l 

58 

75 

92 

107 

123 

136 

•  lOi 

III 

135 

158 

181 

202 

223 

241 

9i 

62 

80 

98 

114 

131 

145 

lol 

117 

143 

167 

191 

214 

236 

256 

9i 

6S 

85 

104 

121 

139 

154 

lOf 

123 

151 

177 

202 

226 

249 

270 

10 

69 

90 

110 

128 

147 

163 

130 

159 

186 

213 

239 

263 

28s 

lol 

73 

95 

116 

136 

155 

172 

III 

137 

167 

196 

224 

251 

277 

300 

loi 

Z^ 

100 

123 

143 

164 

182 

144 

'I^ 

206 

237 

264 

292 

316 

lo} 

81 

106 

130 

151 

173 

192 

11} 

151 

184 

217 

2^8 

2/8 

307 

333 

II 

85 

112 

137 

159 

183 

203 

^§! 

193 

227 

260 

292 

322 

'? 

III 

90 

"7 

144 

168 

192 

214 

I21 

166 

203 

238 

272 

306 

338 

II 

94 

123 

151 

176 

202  ' 

22s 

»! 

174 

212 

250 

285 

320 

354 

384 

II 

99 

129 

158 

18s 

212 

236 

181 

222 

261 

298 

335 

370 

402 

12 

104 

135 

166 

194 

222 

247 

189 

232 

273 

312 

350 

387 

420 

I2I 

109 

142 

174 

203 

233 

259 

198 

242 

285 

325 

366 

404 

439 

I2I 
12} 

"3 

148 

182 

216 

244 

271 

206 

252 

297 

339 

382 

422 

4S8 

119 

155 

190 

222 

255 

283 

13! 

215 

263 

309 

354 

398 

439 

478 

13 

124 

162 

198 

232 

266 

296 

224 

^l^ 

322 

368 

414 

458 

♦98 

*3J 

129 

169 

207 

242 

278 

309 

14I 

233 

^?i 

3^1 

383 

^^l 

476 

S18 

13 

134 

176 

216 

252 

290 

322 

242 

296 

348 

399 

% 

496 

S39 

I3I 

140 

183 

225 

263 

302 

336 

251 

307 

362 

414 

S15 

S6o 

'*, 

146 

191 

234 

273 

314 

350 

261 

319 

376 

430 

484 

535 

|82 

^4 

151 

198 

243 

284 

327 

364 

270 

331 

390 

t 

S02 

"1 

62^ 

14} 

157 

206 

253 

295 

339 

378 

280 

343 

404 

521 

576 

14! 

163 

214 

262 

307 

352 

393 

290 

355 

419 

480 

539 

597 

649 

15, 

169 

222 

^2 

318 

366 

408 

300 

368 

434 

496 

559 

618 

673 

^5i 

175 

230 

282 

330 

379 

423 

16I 

3" 

381 

449 

514 

578 

640 

697 

iS| 

182 

238 

292 

342 

393 

438 

16 

321 

394 

464 

532 

598 

662 

721 

iSi 

188 

246 

303 

354 

407 

454 

16 

332 

407 

480 

550 

619 

68s 

745 

M 

oment 

of  Inc 

rtiaof 

Net; 

^rea« 

Tabular  Valui 

5XNc 

t  Area 

+  Gro 

88  Area 
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TABLE  Zl.^Omiinued. 
Moments  of  Inbrtia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


^D — T 

MomenU  of  Inertia 

1 

For  Distances            1 

of  Four  Angles. 
Axi.  X-X. 

^ ^  i 

Measiu«d             1 

from 

Equal  Legs. 

i 

Back 

to  Back. 

JIL    1 

3«"X3X"                                      1 

Thick. 

A" 

1" 

A" 

1" 

A" 

f" 

ii" 

Thick. 

1" 

A" 

*" 

A" 

f" 

W 

1" 

Area4l« 

8.36 

9.9a 

1X.48 

X3.00 

14^8 

15.9a 

17.36 

Area4L. 

9.9a 

xm8 

13^00 

1448 

X5.9* 

17.36 

18.76 

d" 

Moments  of  Inertia  about  As 

dsX-X,  In.4. 

d" 

Momeau  of  Inertia  about  AxU  X-X.  In.«.       | 

P 

73 

86 

97 

109 

119 

129 

139 

•  2a 

l^t 

961 

1083 

1201 

13 14 

1426 

1531 

7? 

93 

105 

118 

129 

140 

150 

20 

858 

987 

1112 

1234 

1350 

1466 

1573 

8 

86 

100 

"4 

127 

139 

'5' 

163 

22 

1026 

II8I 

1332 

1477 

1617 

1756 

1886 

8i 

8i 

92 

108 

122 

137 

150 

163 

175 

22 

1052 

I2IO 

1514 

1657 

1800 

1934 

9? 

116 

131 

147 

161 

175 

189 

24 

1237 

1456 

1782 

1952 

2121 

2279 

8i 

106 

124 

HJ 

157 

173 

188 

203 

24] 

1265 

1642 

1823 

1997 

2169 

2331 

9 

113 

132 

150 

168 

185 

201 

217 

26 

1467 

1690 

1907 

2117 

2319 

2521 

2710 

9J 

120 

141 

161 

180 

198 

215 

232 

26 

1498 

1725 

1946 

2161 

2367 

2573 

2766 

9* 

128 

150 

171 

192 

211 

229 

247 

28 

I718 

1979 

2234 
2276 

2480 

2718 

2955 

3178 

9l 

136 

i6c 

182 

204 

224 

244 

263 

28 

1750 

2016 

2528 

2770 

3011 

3239 

lO 

144 

169 

193 

216 

238 

259 

280 

30 

1988 

2291 

2586 

2872 

3149 

3424 

3684 

loj 

153 

179 

20s 

229 

253 

275 

297 

30 

2023 

2331 

2632 

2923 

3205 

3485 

3750 

loi 

162 

190 

217 

243 

267 

291 

315 

32 

2278 

2625 

2965 

3294 

361I 

3927 

4227 

io| 

171 

200 

229 

257 

283 

308 

333 

32 

2315 

2669 

3014 

3348 

3671 

3993 

4297 

II 

180 

211 

241 

271 

299 

325 

352 

34 

2588 

2983 

3370 

3744 

4106 

4466 

4807 

iii 

189 

223 

254 

285 

315 

362 

371 

\t 

2628 

3030 

3422 

3802 

4170 

4535 

4883 

ii} 

199 

'^ 

268 

301 

332 

391 

2917 

33^ 

3800 

4223 

4632 

5039 

5426 

III 

209 

281 

316 

349 

380 

4" 

36 

2960 

3413 

3856 

4285 

4700 

5113 

5505 

12 

220 

258 

295 

332 

366 

400 

432 

38 

3267 

3768 

4257 

4731 

5190 

5646 

6081 

12} 

230 

271 

310 

IS 

385 

419 

453 

38 

3312 

3820 

4316 

4797 

5262 

5725 

6166 

12^ 
12} 

241 

284 

325 

403 

% 

475 

40 

3636 

4194 

4740 

5268 

5780 

6289 

6774 

252 

297 

340 

382 

422 

498 

40 

3684 

4249 

4802 

5337 

5856 

6372 

6864 

»3 

264 

310 

355 

399 

% 

482 

521 

42 

4025 

4644 

5248 

5834 

f*2' 

6966 

7505 

I3i 

i75 

324 

371 

417 

503 

% 

42 

4075 

4702 

5314 

5907 
6429 

6481 

7053 

7599 

I3t 
I3i 

287 

338 

387 

A35 

481 

5*5 

44 

4434 

5117 

5783 

7055 

7678 

8273 

299 

353 

404 

454 

502 

548 

594 

44i 

4487 

5177 

5852 

6505 

7139 

7769 

8372 

14, 

312 

368 

421 

473 

523 

571 

619 

46 

4863 

5612 

gt^ 

7053 

7740 

8425 

9079 

i4i 

324 

383 

438 

493 

ig 

595 

645 

46 

4918 

5776 

7133 

7828 

8520 

9182 

14* 

337 

398 

456 

513 

619 

671 

48 

5312 

6131 

6930 

7706 

8457 

^06 

9922 

Hi 

351 

414 

474 

533 

S90 

644 

698 

48 

5369 

6197 

7006 

7790 

8549 

9306 

10030 

15 

364 

430 

492 

554 

613 

669 

725 

50 

5780 

6672 

7543 

8388 

9206 

10022 

10803 

i5i 

378 

446 

5" 

575 

636 

695 

753 

50 

f^ 

6742 

8475 

9302 

10127 

10916 

ist 

IS 

392 

462 

530 

596 

660 

721 

782 

52 

7237 

8182 

9099 

9987 

10873 

11721 

406 

479 

549 

618 

68s 

748 

811 

52i 

6331 

7309 

8264 

9189 

10087 

10982 

11839 

i6 

421 

496 

569 

641 

709 

775 

840 

54^ 

6777 

7824 

8847 

9838 

10800 

11758 

12677 

i6i 

435 

514 

589 

663 

7|S 

803 

870 

n 

6842 

7899 

8931 

9933 

10904 

11872 

12799 

i6i 

*55 

532 

609 

687 

760 

831 

901 

7305 

8435 

9537 

10607 

11644 

12679 

13671 

i6i 

466 

550 

631 

710 

787 

860 

932 

56i 

7372 

8513 

9625 

10705 

11752 

12796 

13798 

i8 

t 

fj5 

% 

5?^ 

9*4 

lOII 

1097 

58^ 

• 

7853 

9068 

10254 

11405 

12521 

13634 
13756 

14701 

18} 

665 

860 

9S3 

1043 

1131 

58 

7923 

9149 

10345 

"507 

12633 

14833 

isi 

580 

^ 

787 

887 

981 

1075 

1166 

60 

8421 

97H 

10997 

12232 

13429 

14623 

15770 

18} 

598 

706 

811 

913 

1012 

1 107 

1202 

6oi 

8494 

9808 

11091 

12338 

13546 

1475  X 

15906 

M 

sment  of  Inertia  of  Net  A 

rea  -  Tabular  Value  X  Net  An 

sa  4-Gi 

x)M  Are 
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TABLE  32,-- Continued. 
Moments  of  Inbstia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


Tr"T 

• 

Moments  oflneitiA 

1 

For  Distances            | 

oTFour  Aiurles. 
AxisX-i, 

X. 

■^d 

from 

Equal  Legs. 

BadctoBack.            | 

JL_i 

Siw. 

4"X4"                                      1 

Tbidt, 

A" 

1" 

ft" 

*" 

ft" 

f" 

Thick. 

1" 

ft" 

1" 

1 
ft" 

f" 

H" 

i" 

Area4l» 

9A, 

ix-M 

«3^ 

15.00 

16.7a 

18.44 

Ares4l" 

11^4 

«3.a4 

15.00 

16.7a 

18^4 

9o.xa 

ai.76 

d" 

Moments  of  Inextia  Aboot  A: 

CIS  X-X,  In*. 

d" 

Moments  of  Inertia  About  Axis  X-X.  In.4.      | 

81 

109 

128 

146 

I6j 

179 

195 

24 

1398 

1612 

1819 

2016 

2215 

2408 

'2595 

H 

117 

137 

157 

176 

192 

209 

u 

IS? 

1648 

i860 

2062 

2267 

2463 

2656 

9 

125 

146 

168 

188 

205 

224 

I9IS 

2162 

2398 

2636 

2866 

3089 

9i 

133 

179 

200 

219 

239 

26 

1695 

1955 

2208 

2448 

2692 

2926 

3155 

9* 

141 

166 

191 

213 

234 

255 

28 

1946 

2245 

2536 

2813 

3093 

3364 

3627 

9i 

150 

177 

203 

227 

H9 

272 

28 

1984 

2289 

2585 

2868 

3154 

3429 

3697 

lO 

159 

188 

215 

241 

265 

289 

30 

2255 

2602 

2939 

3262 

3587 

3902 

4208 

loi 

169 

199 

228 

256 

281 

306 

30 

2295 

2648 

2992 

3320 

3652 

3972 

4283 

loi 

179 

211 

241 

271 

297 

325 

32 

2586 

2985 

3373 

3744 

41 18 

4481 

4832 

lof 

189 

223 

255 

286 

315 

343 

32 

2629 

3035 

3429 

3807 

4188 

4556 

4914 

II 

199 

^35 

269 

302 

332 

363 

34 

2941 

3395 

3836 

4259 

4686 

5099 

5501 

iii 

210 

s? 

284 

319 

350 

383 

34 

2986 

3448 

3896 

4326 

4760 

5179 

5587 

ii} 

221 

299 

336 

403 

36 

3318 

3831 

4329 

4808 

5290 

5758 

6212 

ii} 

232 

274 

314 

353 

388 

424 

36 

3367 

3887 

4393 

4879 

5369 

5843 

6304 

12 

243 

288 

330 

371 

408 

t 

38 

3718 

4293 

4853 

5391 

5932 

6457 

6968 

111 

^55 

302 

346 

389 

428 

38 

3769 

4353 

4920 

5466 

6016 

6548 

7065 

12^ 

267 

316 

363 

408 

449 

491 

40 

4I4I 

4782 

5406 

6007 

6610 

7197 

7767 

12} 

280 

331 

380 

427 

471 

515 

40 

4195 

4845 

5477 

6086 

6699 

7292 

7869 

>3 

293 

i& 

397 

X 

492 

539 

42 

4587 

5297 

5989 

6656 

7325 

7976 

8609 

I3l 

306 

415 

515 

563 

42 

464* 

5364 

6064 

6739 

7418 

8077 

8717 

i3i 
13} 

319 

377 

434 

488 

538 

588 

44 

5055 

5839 

6603 

7338 

8078 

8796 

9495 
9609 

333 

394 

452 

509 

561 

614 

44 

5"5 

5909 

6681 

7426 

8175 

8902 

14 

347 

410 

471 

530 

585 

667 

^f 

5547 

6408 

7246 

8055 

8867 

9656 

10424 

i4i 

361 

427 

491 

552 

609 

46 

5610 

6481 

7329 

8146 

8969 

9767 

10543 

I4i 

376 

^ 

5" 

575 

634 

695 

48 

■ 

6061 

7003 

7919 

8804 

9693 

10557 

"397 

I4i 

390 

531 

598 

660 

723 

48 

6127 

yo/y 

8006 

8900 

9799 

10672 

1 1522 

15 

406 

480 

552 

621 

686 

752 

50 

6599 

7624 

8623 

9587 

10555 

\\i% 

12413 

I5i 

421 

499 

573 

645 

713 

781 

50 

6667 

7703 

8713 

9687 

10667 

12544 

15} 

437 

S17 

595 

670 

% 

810 

52 

' 

7159 

8272 

9356 

10404 

"455 

12478 
12604 

13473 
13609 

15} 

453 

536 

617 

695 

841 

52 

7231 

83551  9450 

10508 

11571 

16 

469 

SS6 

639 

720 

795 

872 

54 

7742 

8946.  10119 

11253 

12392 

13499 

14577 

'ft 

486 

576 

662 

746 

824 

903 

§ 

7816 

9032I  10217 

1 1362 

12512 

14718 

16J 

S03 

|9f 

685 

772 

853 

^ 

8348 

96471  10913 

12137 

13365 

14561 

15724 

i6i 

S20 

616 

709 

799 

883 

56 

8425 

9736  11014 

12250 

13490 

14696 

15870 

18 

611 

7*4 

834 

939 

1039 

1 141 

58I 

8977 

10374  I 1736 

13054 

14375 

15662 

\^ 

i8i 

630 

747 

85o 

9-^ 

I072 

1 176 

58 

9057 

10467  11841 

13170 

14505 

15803 

i8i 
18} 

^ 

770 

886 

999 

1 105 

1213 

60 

9629 

11128  12589 

14004 

15423 

16804 

1 8 148 

793 

913 

1030 

II38 

1250 

60 

9712 

I 1224  12698 

14125 

15557 

16950 

18306 

2a 

793 

^7 

1084 

1222 

1353 

i486 

62 

10303 

1 1908'  13473 

14987 

16507 

17986 

19426 

20 

22 

825 

1114 

1256 

I39I 

1527 

62 

10389  12007  13585 
iiooi  12715, 14386 

15113 

16646 

18137 

19589 

976 

1 158 

1335 

1506 

1668 

1832 

64I 

16004 

17628 

19208 

20747 

22 

lOIO 

II87  1  1369  1  1543 

I7IO 

1879 

64*  1 1 1089^12817!  14502 

16134 

17771 

19364 

20915 

M 

oment  of  Inertia  of  Net  i 

\rea  «■  Tabi] 

liar  Value  X  Net  Area  -^  G 

ros8  An 

ca  (app 

rox.).       1 
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TABLE  n.— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 




^li — 

T 

Momenu  of  Inertia 

For  DiatanccB 

of  Four  Angles 
AzU  X-X. 

-XT        X 

il 

from 

Equal  Legs. 

Back  to  Back. 

J(U 

± 

Size. 

^'X^'                                                                               1 

Thick. 

1" 

A" 

1" 

A" 

f" 

Thick. 

1" 

A" 

1" 

19.00 

A" 

1' 

H" 

1" 

Area4l« 

.4.44 

16.72 

19 .00 

ax. 84 

a3-44 

Area4[« 

X4^ 

16.72 

21.84 

as- 44 

25.60 

a7.76 

d" 

Moment 

s  of  Iner 

liaAbou 

tAxisX- 

-X.  \nX 

d" 

Momenu  of  Inertia  About  Axis  X-X.  In.«.       | 

28 

\ 

2377 

2743 

3107 

3457 

3802 

4139 

4474 

28 

■ 

2423 

2797 

31^5 

3524 
4016 

3877 

4220 

4562 

a 

250 

287 

322 

355 

387 

30 

■ 

2759 

3185 

3608 

4419 

481 1 

5201 

264 

303 

341 

375 

410 

30I 

\ 

2809 

3243 

3674 

4089 

4499 

4899 

5296 

II 

279 

320 

360 

396 

433 

32i 

3170 

3660 

4148 

4618 

5082 

5434 

5984 

iii 

294 

337 

379 

418 

457 

32i 

3224 

3722 

4218 

4696 

5168 

5628 

6086 

11} 

309 

355 

400 

% 

482 

34t 

3610 

4169 

4725 

5262 

5792 

6309 

6823 

III 

325 

373 

420 

507 

34* 

3667 

4235 

4800 

5345 

5884 

6409 

6932 

12 

342 

392 

% 

488 

533 

36I 

4079 

4712 

5341 

5949 

$5*? 

7134 

7717 

i2i 

359 

412 

512 

560 

36I 

4140 

4782 

5420 

6037 

6646 

7241 

7833 

lt\ 

376 

432 

486 

537 

588 

38* 

4577 

5287 

5994 

6678 

7352 

801 1 

8667 

12 

394 

452 

510 

563 

616 

4641 

5361 

6078 

6772 

7456 

8124 

8789 

13 

412 

473 

533 

IH 

645 

401 
40} 

5103 

5896 

6686 

7449 

8203 

8939 

9672 

i3i 

431 

495 

558 

616 

675 

5171 

5975 

6775 

7549 

8313 

9059 

9802 

i3t 

450 

517 

583 

644 

70s 

42i 
42i 

5659 

6539 

7415 

8264 

9100 

9918 

10733 

13! 

469 

540 

608 

673 

737 

5730 

6622 

7509 

8368 

9216 

10044 

10869 

14 

489 

563 

634 

702 

769 

44 

6243 

7215 

8182 

9120 

IOI66 

10949 

1 1849 

Hi 

510 

586 

661 

731 

801 

44 

6318 

7302 

8281 

9230 

11081 

1 1992 

14I 

531 

610 

689 

762 

835 

^^ 

6857 

7924 

8988 

10019 

1 1036 

12030 

I302I 

h\ 

55* 

635 

717 

793 

869 

46 

6935 

8015 

9091 

10135 

1 1 163 

12169 

I317I 

IS 

1^ 

660 

745 

825 

904 

48J 

7499 

8667 

9831 

10961 

12074 

13 163 

14248 

^5t 

686 

774 

857 

93? 

48 

7581 

8762 

9939 

11081 

12207 

13308 

14405 

IS 

619 

712 

804 

890 

976 

SO 

■ 

8170 

9443 

107 1 2 

1 1945 

13 159 

14347 

I553I 

isi 

642 

739 

834 

924 

1013 

50 

8256 

9543 

10825 

12071 

13298 

14499 

15695 

16 

666 

766 

86s 

958 

1051 

52 

8870 

10253 

1 1632 

12971 

I429I 

15582 

16869 

i6i 

690 

794 

897 

993 

1089 

52 

8959 

10357 

1 1750 

13 103 

14436 

15740 

17040 

16} 

715 

822 

929 

1029 

1 129 

54 

9598 

1 1096 

12589 

14040 

15470 

1 562 1 

16869 

18263 

16} 

739 

851 

961 

1065 

1 169 

S4i 

9692 

1 1 204 

12712 

14177 

17033 

I844I 

18 

871 

1003 

1134 

1257 

1380 

56i 

10356 

1 1973 

13585 

15152 

16696 

18206 

I97I2 

18} 

899 

1035 

1 170 

1298 

1424 

56 

10453 

12085 

13712 

16306 

16852 

18377 

19897 

18 
18 

927 

1068 

1207 

1339 

1469 

58 

1 1 143 

12883 

14618 

17968 

I959S 

2I2I7 

956 

IIOI 

1244 

1380 

1515 

58i 

1 1243 

12999 

14750 

16453 

I8I3I 

19772 

21409 

20 

1137 

1310 

1481 

1645 

1806 

6oi 
60 

1 1958 

13827 

15690 

17502 

19288 

2103s 

22777 

20 

1 169 

^l^l 

1523 

1691 

1857 

12062 

13947 

15826 

17655 

19456 
20654 

21219 

22976 

22 

1403 

1618 

183 1 

2034 

2235 

62 
62 

12802 

14804 

16799 

18741 

22526 

24393 

22 

1439 

1659 

1877 

2085 

2292 

1 29 10 

14928 

16940 

18899 

20828 

22716 

24599 

24: 
24 

1699 

i960 

2218 

2466 

2710 

64i 

13676 

15814 

17946 

20023 

22067 

24069 

26065 

1738 

2005 

2269 

2523 

2773 

64 

13787 

IS943 

18093 

20186 

22247 

24265 

26278 

26 
26 

2023 

2335 

2644 

2940 

3233 

66 

14578 

16858 

19132 

21347 

23527 

25662 

27792 

2066 

2384 

2700 

3002 

3302 

66 

14693 

16991 

19283 

21515 

23713 

25865 

28012 

M 

oment 

of  Iner 

tia  of  I 

sJetAre 

a  =  Ta 

bular  Value  X 

NetAr 

ea  -^G 

TOSS  Area  (approx.). 
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MOHESTS  OF   IkEKXXA 


TABLE  32.—^ 
OF  Focx  Angles  wns  Eqcal  Legs,  Axis  X-X. 


i 

* 'l-r- 

uJ 

— '    I 

MOMKI 

■rs  t^imBt 

na 

I 

TarHmm 

nes 

AxisX-X. 

X 

^4 

fnan 

d 

£4»ii^«^ 

: 

BKktoBMk. 

1 

^^     V 

Sire 

F"  V€^ 

1  toic*. 

1" 

ir 

V 

fr" 

!'• 

«' 

a" 

«" 

1' 

«" 

t" 

Ana4  • 

»7-4* 

ao.a4 

T^JK> 

»5-7= 

-M4 

3«-M 

33-r 

36..if 

3M» 

4X-4« 

44^0 

t*- 

M««» 

afi»9tia 

Aim  An*  X-X  ttr 

r  Tsion  DaUK»  hmck  to  Back  of  Angiii.  la.«. 

12\ 

43= 

4*^ 

560 

61 P 

67« 

735 

78- 

840 

891 

942 

9PO 

ui 

586 

^5 

7t)2 

842 

9*4 

10Q4 

107^ 

II5I 

1223 

1*93 

13tJ2 

Mi 

610 

703 

793  , 

87S 

P63 

IQ4t) 

1123 

1200 

1275 

1340 

1421 

«^J 

795 

Qr? 

jzn^ 

IW 

1260 

1^70 

1472 

1575 

167; 

177^ 

i86q 

I^ 

6i4 

950 

1072 

I76& 

1306  . 

1430 

1526 

it)33 

1737 

1839 

1938 

18} 

103Q 

119Q 

1354 

1502 

l6?2 

i7«r 

1934 

»7I 

22^ 

2336 

2464 

I"! 

1072 

123-' 

nq^ 

'5?! 

1705 

1855 

1906 

2I?8 

2276 

2412 

2545 

soi 

1^17 

1521 

I720 

igio 

2ioi 

2288 

24G4 

2812 

2082 

314:- 

20j 

I3S4 

1564 

1709 

i9tH 

2IOI 

*353 

*535 

2716 

2894 

3069 

3239 

22} 

1631 

1884 

21'?1 

236S 

260- 

2840 

3061 

3282 

349^ 

371 1 

3919 

i2j 

1(372 

19^2 

2186 

*429 

2674 

2913 

3140 

336- 

3589 

3808 

4021 

.   Mi 

1979 

22*<^ 

2^89 

28-8 

3170 

3455 

37*6 

3996 

4261 

4523 

4778 

.  ^i 

2025 

2341 

2649 

2946 

3*44 

3536  , 

3813 

4091 

4362 

4630 

4892 

•  *ft 

2362 

2731 

3092 

3440 

3789 

4131 

4458 

4784 

5102 

5417  ' 

5725 

I  =6§ 

2412 

2790 

3159 

3513 

3871 

4554 

4887 

5*1* 

5535 

58;;© 

!  2^i 

2Tto 

3216 

3642 

4053 

4466 

4871 

5258 

5644 

6021 

6395 

6761 

i^i 

2fe35 

5*79 

3714 

4133 

4555 

4967  _ 

5362 

5756 

6141 

6523 

689b 

?a 

3*33 

T740 

4*37 

4717 

5200 

5672 

612;; 

6:rr6 

7017 

7456 

-7884 

30 

3292 

380P 

4315 

4604 

5*95 

5776 

6238 

6bQS 

7147 

7594 

8031 

32  : 

T72I 

4306 

4^79 

S4?3 

5990 

6535  . 

7060 

7581 

8092 

859Q 

9095 

?2| 

57»4 

4379 

4962 

5526 

6093 

6648  , 

7181 

771* 

8232 

8748 

9253 

34i 

4*43 

4911 

5?66 

6200 

6837 

7461 

to62 

B660 

9*44 

9B26 

X0395 

34J 

43" 

4990 

5655 

6299 

6947 

7^8I 

8192 

8799 

9394 

9985 

10563 

?^4 

4801 

5??& 

6300 

7019 

7741 

&449 

9132 

9810 

10475 

11135 

1 1 782 

3^ 

4^3 

5041 

6395 

71*5 

7858 

8577  , 

9*70 

9959 

10634 

11305 

11962 

?«i 

5393 

6244  ' 

7079 

7889 

8702 

9500  , 

10269 

11034 

'.   11783 

12^28 

13*57 

?^i 

5470 

6333 

7180 

8001 

8826 

9635 

IQ416 

11192 

1 1952 

12708 

13448 

40J 

6021 

6972 

7905 

8810 

9720 

10612 

11474 

12330 

■  13169 

14003 

1482 1 

4oi 

6102 

7065 

8011 

8929 

9851 

10756  ) 

11629 

12497 

1  13347 

14194 

15022 

4^1 

€6H7 

7739 

8t76 

97B3 

10795 

I 1787  i 

12747 

13699 

',   1463* 

15562 

16472 

42} 

676^ 

7K^8 

8888 

9909 

10933 

11938  ( 

12910 

13875 

14821 

15762 

16685 

^f 

73to 

&54B 

9694 

10808 

11926 

13024  : 

14087 

15141 

1  16174 

17203 

18211 

44i 

7470 

8651 

9112 

10939 

12072 

13183 

14*59 

15326 

1637* 

17414 

18435 

46I 

8112 

9396 

10657 

I1884 

1311^ 

M3*3 

15494 

16655 

17794 

18927 

2003Q 

46i 

8206 

9505 

1078 1 

1326S 

14490  1 

15675 

16850 

1  18001 

19149 

20273 

4«i 

8879 

102&5 

1 1667 

13011 

14360 

15685  1 

16969 

16242 

i  19491 

2073  <; 

21<K4 

4^i  , 

»977 

10399  , 

11796 

13155 

145*0 

15859  1 

17156 

18446 

19709 

2096b 

22200 

501; 

9681 

II215 

12722 

14190 

15663 

17108  j 

18511 

1990* 

21266 

2262^ 

23957 

SO 

9763 

"334 

128  ::7 

14341 

15829 

17*91  , 

18709 

201 15 

1  *1493 

22867 

24214 

$2'.: 

105 17 

12185 

136*3 

154*0 

17022 

18594  1 

20121 

21635 

!  23119 

2459^ 

26049 

52I 

10624 

12309 

13964 

15577 

17196 

18785  1  20327 

21856 

1  23356 

24850 

26316 

Moment  of  Inertia  of  Net  Am  «  Tabular  Vahie  X  Net  Area 

H-  Grots  Area  (approx.). 
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TABLE  32.— Continued. 
Moments  op  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


Momenu  of  Inertl* 

of  Four  Anfflea. 

AxbX-X, 

Equal  Lcf>. 

^D — -^ 

For  Distances 

'            d                                        from 

Back  to  Back. 

jy X 

Size. 

C"X6"                                   1 

Thick. 

1"   1   A" 

*" 

A" 

1" 

H" 

1" 

ir 

1" 

tr 

i" 

Are*4l» 

17.44  1  »>-M 

33.00 

»S7» 

a8.44 

31." 

33.7« 

36.36 

38.9a 

4«-48 

44.00 

d" 

Momenu  of  laertia  about  Asia  X-X.  for  Various  Distances  Back  to  Back  of  Angles.  In.4.         | 

54l 
S6J 

11389 
II5OO 
12295 
I2411 

13 196 
13325 
14247 
14381 

14971 
15118 
16164 
16317 

16701 
16865 
18034 
18205 

18438 
18619 
19911 
20099 

20143 
20341 
21753 
21959 

21799 
22013 

23544 
23767 

23440 
23671 
25318 
25558 

25050 
25297 
27058 
27315 

26654 

26917 

28228 
28507 
30495 
30785 

6a 

13236 
13356 
14212 
14337 

15338 
15478 
16470 
16615 

17404 
17562 
18689 
18853 

19419 
21038 

21636 
23027 
23230 

23426 
23639 
25161 
25382 

25357 
25588 
27237 
27476 

27269 
27518 
29292 
29550 

29145 
29411 
31309 

31585 

31015 
31299 
33321 
33614 

32851 
33151 
35294 
35605 

62j 
62 

64J 

15223 

16269 
16402 

17643 
17792 
18856 
19010 

20021 
20191 
21398 
21574 

22342 
22532 
23881 
24077 

24671 
24880 
26371 
26588 

26958 
27187 
28817 

29054 

29184 
29432 
3II99 
31456 

31388 
31655 
33557 
33833 

33551 
33837 
35872 
36167 

35709 
36013 
38179 
38494 

4044s 
40778 

66j 
66 
68 
68 

18466 
18608 

20109 
20269 

22822 
23003 
24291 
24478 

25471 
25673 

27113 
27322 

28128 
28352 

29943 
30173 

30739 
30984 
32723 

32975 

33282 

33547 
35432 
35706 

36084 
38113 
38407 

38269 
38575 
40745 
41060 

40733 
41058 
43370 
43706 

43152 
43496 
45947 
46303 

70 
7a 
72 
72 

I9616 
19762 
20801 
20952 

22738 
22907 
24113 
24287 

25807 
27567 

28806 
29022 
30551 
30773 

31814 
32052 

33742 
33987 

34769 

;« 

37145 

37650 
37932 

39935 
40225 

40500 
40803 
42960 
43272 

43299 
43623 

46090 

48893 
49249 

48830 

49197 
51802 

SW79 

78 
80 

22177 
23436 

25708 
27169 
28670 
30212 

29180 
30839 
32544 
34295 

32575 
34429 
36334 
38291 

35979 
38027 

40133 
42296 

39324 
46232 

42587 
45015 
47512 
S0075 

*X3 

51115 

53875 

48983 
51780 
54655 
57607 

52145 

58186 
61331 

58ji8 

82 

u 

«8 

28823 
30257 
31726 

31794 
33417 

36093 
37936 

39825 
41760 

40299 
42359 

44515 
46792 
49125 
51515 

48660 

51149 

53701 
56315 

52707 
55405 
58172 
61005 

56707 
59612 

65641 

60638 
63746 
66932 
70196 

64559 
67870 

71264 

74741 

68411 
71921 
75520 
79206 

90 

92 

2Jl 

3^342 
37950 

38528 
40313 
42138 
44004 

43742 
45769 
47842 
49961 

48847 
51112 

53429 

55797 

58992 
61730 
64531 
67394 

1^ 

69912 
73016 

68764 
71960 
75229 
78571 

73537 
76957 
80454 
84029 

78301 

89478 

82980 
86843 
90793 
94831 

98i 
too 
102 
i04i 

39593 
41271 
42984 
4473a 

45910 
47857 
49844 
51872 

52126 

54338 
50595 

63211 
65785 

64319 
67050 

70319 
73307 
76357 
79469 

76187 
79426 

82733 
86107 

81985 
85472 

92664 

87682 

91413 
95222 
99109 

93369 

97344 

101401 

105542 

98958 
103172 
107474 
I 11865 

io6j 

108 
iia 
III 

46515 
48332 
50185 
52072 

53940 
56049 

61247 
68571 

68411 
71088 
73817 
76597 

81560 

82643 

85879 
89178 
92539 

89548 

93057 

96634 

100278 

96369 
100147 
103997 
107920 

103074 
107116 
111236 
115434 

109765 

118461 
122934 

116343 
120909 
125563 

130306 

Moment  of  Inertia  c 

>f  Net  Area -Tj 

ibuUr  Vi 

due  X  Net  Aret  +  Grow  Area  (approx.).  '    j 
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TABLE  $2,—CatUim$ied. 
MoiiBMTs  OF  Inertia  of  Four  Anglbs  with  Equal  Legs,  Axis  X-X. 


TT    1 

~ 

IfoaenaoflBatia 
of  Four  Awrio. 

EqiodL^SS. 

: 

s 

^ ^i 

JIU   1 

• 

For  Dittances 

horn 
Back  to  Bade 

t 

SiK. 

vxr'                                                          1 

Thick. 

»" 

ft" 

1" 

H" 

i" 

ir 

1" 

il" 

1" 

lA" 

xl" 

A«m4l» 

3i« 

34-7a 

3M4 

4aaa 

45.76 

49.36 

Sa^a 

56.4* 

63-18 

66^ 

d" 

^oaenti 

of  laenia  About  Axis  X-X  for  Various  Disumces  Back  to  Back  of  Angles.  InA 

i6i 
i8i 

20| 

1740 
2146 
2206 

1483 
1877 
1937 
2391 
2461 

163 1 
2065 

2634 
2710 

1775 
2249 
2322 
2871 
2954 

1910 
2423 
2502 

2046 

33*1 
3419 

2179 

lis 

2310 
2937 
3034 
3760 

3871 

2430 

3094 
3196 
3964 
4082 

*554 

3361 
4172 
4296 

2674 
3409 

35*3 
4375 
4505 

22} 
141 

2669 

*739 
3*54 
333* 

297^ 

3054 
3630 
3716 

3*79 
3365 
4001 

4097 

3576 
3670 
4366 
4471 

3859 
3961 

4714 
4828 

4143 

|1 

44*1 

4538 
5406 
5536 

4696 
4821 

5884 

6213 

5218 
5357 

6546 

5475 

67^ 
6871 

26} 

28i 
28} 

3901 

3987 
4610 

4703 

5145 

5*49 

4906 
5677 
579* 

5340 

6198 
6324 

5661 

6835 

6217 
7201 
7348 

7693 
7850 

6907 
7060 
8182 
8349 

7296 
8824 

7690 
7861 
9116 
9303 

8075 

9576 
9773 

301 
30* 

3** 

5381 
5482 
6214 
6323 

6008 
6120 

6939 
7060 

6630 
6754 
7659 
7794 

7241 
8514 

7829 

7977 
9050 
9209 

8418 
8577 
9733 
9904 

8996 

9166 

10404 

10587 

9569 

9751 
11070 
11266 

101 1 7 
10310 
11708 
11915 

10669 
10872 
12350 
12569 

11211 
11425 
12980 
13210 

34l 

7109 
8190 

7940 
8070 
9010 
9149 

8766 

8910 

9950 

10103 

9578 

9736 

10873 

IIO4I 

10363 
10534 
11768 
11950 

11147 
11331 
12660 
12856 

11918 
1 21 14 

13538 
13748 

12684 
12893 
14410 
14634 

13419 
13641 
15249 
15486 

14157 
14392 
16091 
16342 

14882 
15129 

16919 
17183 

38i 
38* 
4oi 
4oi 

9085 

10166 
10306 

10150 
10298 
1 1360 
115 16 

11210 

"373 
1*547 
12720 

12253 
1*431 
14717 
13905 

13*64 
13457 
14851 
15056 

14272 
14480 
15982 
16203 

15263 
15487 
17095 
17331 

16250 
16488 
18202 
18454 

17200 

1745* 
19*70 
19538 

18152 
18419 
20340 
20623 

19089 
19369 
21393 
21690 

4*1 
4*1 
44i 
44i 

1 1309 
11456 

12638 
12803 

13987 
14160 

13962 
14144 
15453 
15645 

15264 
15464 
16897 
17107 

16530 
16746 
18300 
18528 

17791 
18024 

19699 
19944 

19032 
19282 
21076 
21338 

20534 
22446 
22726 

21461 
21743 
23772 
24069 

22656 
22954 
25098 
25412 

23831 
*4I45 

St 

t 

48 

• 

13781 
13944 
15110 
15280 

15404 
15586 
16891 
17082 

17021 
17222 
18666 
18877 

18613 
18833 
20414 
20645 

20162 

221 16 
22366 

21705 
21963 
23811 
24061 

23225 
23501 
25480 
*5769 

24738 
25032 
2714* 
27450 

26202 
26514 

28753 
29080 

27667 
*7997 
30363 
30709 

29108 
29456 
31947 
3*312 

50I 
SO* 

5»i 

10079 

17954 
18140 

18448 
18647 
20074 
20282 

20387 
20608 
22186 
22416 

22299 
22540 
24268 
24520 

24161 

24423 
26297 
26571 

26014 
26291 
28317 
28612 

27840 
28143 
30307 
30623 

29659 
29982 

32626 

314*3 
31766 

34*14 
34571 

33186 

36136 
36513 

34921 
35302 
38028 
38426 

54i 

s6i 

2IQ46 
21247 

21769 
21986 

23534 
*3759 

24061 
24301 
26014 
26263 

26321 
26584 
28459 
28732 

30845 
31141 

30718 
31026 

33*19 
33538 

32879 
33208 
35578 
35900 

35033 
35384 
37889 
38254 

371*5 
37497 
40155 
40542 

41269 
41684 
44644 
45075 

Moment  of 

Inertia  c 

)fNctAi 

nea  =  Tj 

ibuUrVi 

dueXN 

et  Area 

4- Gross 

Area  (ai 

>prox.)* 
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TABLE  Z2— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  AxisOC-X. 


TT" 


Momenu  of  Inertia 

of  Four  Anfflet, 

Azi»X-OC, 

Equal  Legs. 


JL. 


For  Distances 

Measured 

from 

Back  to  Back. 


-i 


Size. 


8"xy' 


Thick. 


Area4[s 


38-44 


tt" 


45-76 


«" 


49.36 


52.92 


M" 


56.48 


6ojoo 


«A" 


63-48 


«r 


66.9s 


d" 


Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.< 


ii6i 


22685 
22894 
24386 
24603 

26149 
26376 

27974 
28206 


30101 
31810 
32058 

33821 
34076 

35894 
36157 

38300 
40505 

42771 
45100 

47491 
49943 
52458 
55035 

57674 
60374 

^T 
65962 

68848 

71797 
74808 
77881 

81015 
84212 

87471 
90792 

94174 

97619 

loi  126 

104694 


25368 
25602 
27272 
27515 

29245 

29497 
31288 

31548 


29861  33400 


33669 
35581 
35859 

37832 
38118 
40152 
404*7 
42846 
45314 
47851 
50458 

53134 
55880 

58695 
61579 

^533 
67557 
70650 
73812 

77044 
80345 
83715 
87155 

90665 
94244 
97892 
101610 

105397 
109254 
113180 
117176 


28043 
28302 
30149 
30418 

32332 
32610 
34592 
34880 

36929 
37226 

39342 
39650 

41833 
42150 
44400 
44727 

47381 
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TABLE  33. 

MOMEKTS  OF  InSRTIA  OF  FOCK  ANGLES  WITH  UnBQCAL  LeGS,  AXIS  X-X. 

Long  Legs  Tuxned  Out. 
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TABLE  33.^CatUinued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Lqng  Legs  Turned  Out. 
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TABLE  33.— C 

McMEHTs  OF  IsEMTiA  OF  FoDK  Anglbs  whb  Ukbqdal  LiBGS,  Azxs  X-X. 
Long  Legs  Tdkiqed  Out. 
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46i  5825' 

48}  6266 

484  !6353 

50}  6833 

50§  6903 

52i  7403 

s^i  1 7476 

54i  '7996 

54i  i8o72! 

56J  8612. 

S6i  .8691' 


942 

970 
1178 
1209 


144D' 

1475 
1728 

I766| 

3043 

3085  , 

238s 

24291 

2753' 
2801 

3147: 
3198, 

3568  1 

36x31 
4016! 

4073  I 

4489' 

4551 

4990 

5P54' 

5517' 

5584 

6c7D 

6141 

6650' 

6724 

7256, 

7334! 

7889. 
7970  ' 

8546 
8632 

9234 

9321 
9946 

10037 


1062 ; 
1094 
1329 
1364, 

16251 
X664 
1951 
1994. 

2307' 

2354 

2694' 

2744, 

3164 
355^ 
56141 

4P32 
4094 

4^ 

5075 
5144 
5641 

5714; 
6237' 
6314 
6864 

6944! 

7520] 

6206 
8394' 

B922 1 
9D14 
9668 
9764 

I0445 
10544 
11251  ' 

"354 


1179 
1214 

1475 
1514 
18D4 

1848 
2167 
2215 

2564 
2615 

2994 
3049 

3457 
3517 
3954 
4018 

4484 

4552 
5047 
5120 

5645 

5721 
6275 
6356 

6939 

7024 
7636 
7736 

8367 
6461 
9132 
9229 

9929 
1003 1 
10760 
10866 
11625 

"735 
12523 
13637 


1390  1401 

1329:  1443 

1616  1755 

1659  I  i8D2 

1978  3150 

3036  I  3207 

2377  2585 

2430  I  3642 

2813  3060 

2871 '  3122 


3286 
3348 

3796 
3863 

4343 


4927 
50D2 

5547 
5627 

6305 


3575 
3642 
4130 

4203 
4726 
4*>3 
5362 

5444 
6038 
6x36 

6755 


6289  6847 

6899  7512 

6986  ,  7609 

7630'  8309 

7724  84" 

8398:  9146 

B497.  9253 


9203 
9306 

WH5 
10153 

10923 
1 1036 
11839 
11956 
12791 
13913 
13781 
13907 


10033 
10136 
10941 
11058 

11899 

I302I 

12897 
,3024 

13935 
14067 
15014 

15152 


Moraent  of  Inerba  of  Net  Area  =  Tabular  Value  X  Net  Area  -i-  Gran  Area  (approau) 
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TABLE  SS.—ConHnued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


Momenu  of  laertia 

of  Four  Axi8[left. 

Axis  X-X, 

Long  Leg*  Tamed  Our 


JO 


For  Distances 

Messured 

from 

BMkto  BwJc 


Siie. 


5"  X  3i".  Long  Ug»  Turned  Out. 


Thick. 


A'' 


f" 


A"      *"      A"      f"       H" 


I" 


Thick. 


f" 


A" 


I" 


A" 


f" 


H" 


I" 


Area4[« 


10.34  X'*^  H'Xa   '^•oo  X7.88   K9.68   SX.48     33.24    AreS4[8    z3.ao     X4.X3     x6x»     17.88     19.68     az^     33.34 


d" 


Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles.  In.4. 


98 

105 

"3 
121 
130 
139 
148 

'& 
167 

178 
188 

199 
210 
221 

a33 
245 
258 
270 

284 
297 
3" 
325 
339 

i§ 

384 
399 
415 
432 
448 

465 
482 


518 
536 
554 
573 
592 

693 
714 
735 
757 


"5 
124 

133 
143 

163 

197 
209 

222 
235 

261 
275 
290 
304 
320 

335 

367 
384 
401 

436 
454 
473 
49a 
5" 
531 
551 
571 


500  ^592 


613 

657 
679 
702 
821 
846 
872 
897 


131 
141 

163 

175 
187 

200 
213 
226 
240 

269 
284 
300 

316 
332 
349 
367 
385 
403 
422 

441 
460 
481 
501 
522 

565 

610 

633 

657 
681 

705 
730 
756 
781 
808 

945 
974 
1004 
1033 


145 

169 

182 

19s 
208 

222 
237 
252 
268 
284 
300 
318 
335 

353 
372 
391 

4" 
431 
451 
472 
494 
516 

562 
586 
610 

659 
68s 
7" 

n^ 

765 
792 
820 

849 
878 

908 

1063 
1096 
II29 
II63 


160 

173 
186 

200 
215 

230 
246 
262 
279 
296 

314 
33a 
35i 
371 
391 
4." 
433 
455 

477 
500 

5H 
548 

573 

623 
650 

^7 
704 

761 

790 
819 

849 
880 

912 

943 
976 
1009 
1182 
1219 


17* 
188 
202 
217 
233 
249 
267 
284 
303 
322 

IS 

382 
404 

426 
449 
472 
496 
520 
546 
571 
598 

652 
681 
709 
739 
769 
800 
831 
863 

89s 
929 
962 

997 
1032 
1067 
1104 
1294 
1334 


1256  1374 
1293  1415 


187 
202 
218 
235 
252 
270 
288 
308 
328 
348 
370 
39i 
414 
438 
462 
486 
512 
538 
564 

620 
648 
678 
708 
738 
770 
802 

835 

868 

902 

938 

972 

1008 

1045 

1082 

1120 

1159 

1199 

1406 

1449 

1493 

1538 


198 
214 
231 

287 

307 
328 

349 
371 

394 
418 

jg 

493 
519 
547 
574 

^ 

694 
725 
758 
791 
824 

859 
894 
930 

967 
1004 
1042 
1081 
1121 
1161 
1202 

1286 
1510 
1556 
1604 
1652 


1060 
1088 
1298 
1330 
1561 

1595 
1848 
1886 
2159 
2200 

2495 
2539 

2856 
2902 
3240 
3290 
3649 
3702 
4083 
4x39 

4600 
5023 
5085 
5530 

l^f 

6129 
6616 
6687 
7196 
7270 
7800 
7878 
8429 
8509 

9082 
9165 

975? 
9846 


1221 
1254 
1497 
1533 
1800 
1840 
2132 
217s 
2492 

2539 
2880 
2930 
3296 
3350 
3741 
3798 
4214 
4275 
4715 
4779 

5244 
5312 
5802 
5873 
6388 
6463 
7002 
7080 

76U 
7726 

8315 
8400 

9013 

9103 

9740 

9833 

10496 

10592 

11279 

"379 


1375 
1412 
1686 
1727 
2029 
2074 
2404 
2453 
2810 
2864 

324? 
3306 

3720 
3781 
4223 
4288 

4758 
4827 
532. 
5398 

5924 
6001 

^11 

7217 
7303 
7912 
8001 

8639 

8732 

9398 

9495 

10189 

12090 

11012 

11117 

11867 

1 1976 

12754 

12867 


1530 

1571 
1876 
1922 
2259 
2309 
2677 
2732 
3131 
3190 
3621 
3684 
4146 
4214 
4707 
4780 

5304 
5381 
5937 
6019 

6606 


6692 
7310 
7400 
8050 

8145 
8826 

8925 
9637 
9741 
10485 
10593 
11368 
11481 
12287 
12404 

13241 
13363 
14232 
14358 


1676 
1721 

2057 
2107 

2477 
2532 
2937 
2997 

3435 
3501 

3974 


4626 
5168 
5248 

5825 
5909 
6520 
6610 

7255 
7350 
8030 
8129 

8843 
8948 
9697 
9806 


1821 
1871 
2236 


1957 
2011 
2405 


2291  2464 
2694  2899 
2754  2964 


3194 
3260 

3738 
3809 
4325 
4401 

4954 
5036 
5627 
5714 
6342 

6435 
7101 

7199 
7902 


3439 
3510 

4026 
4102 
4659 
4741 
5339 
5427 
6065 
6159 
6838 
6938 
7657 
7763 
8523 
8634 
943S 
9552 
10393 


8005 
8747 
8855 

9634      _. 

9748  105 17 

'  11399 
11527 
12450 
12585 


10564 
10683 

11662 


i25S4!i3548 


10589 

10703 

11521 

11640J 12684!  13688 

12492]  13613  14693 

12616  13748  14839 

1350314715115884 

1363214856:16035 

H553JI5860I17121 
14687116006.17279 
IS642I17048  18405 
15781 11719918569 


Moment  of  Inertia  of  Net  Area  -  Tabular  Value  X  Net  Area  +  Grow  Area  (approz.). 
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TABLE  3S.—Comiimmed, 
Moments  of  Inestia  of  Fouk  Angles  with  Unequal  Legs,  Axis  X-X. 


Long  Legs  Turned  Out. 

^r"  T 

Ml— mti  of  laatia 

of  FoarAMks. 

AzsX-X. 

Lav  Lees  T«Md  Oat. 

X 

X 

i 

i 

] 

PorDistaaces 

from 
Back  to  Back. 

^0= 

; 

X 

Stt. 

6 

"  X  4"*  Lo«W  Legs  Tmaca  Oat, 

Thick. 

A«»4l» 

r       A" 

1" 

ft" 

»"   1 

H"  1 

J" 

H" 

1" 

ir 

1" 

14^    x67a 

«9« 

aiJ4 

a3-44  1 

aSJfo  1 

*7.7« 

«9^  1 

3x^93 

34-00  1 

36.00 

d" 

Moaots 

of  Inetim  About  Az 

is  X.X  for  Varioos 

Distances  Back  to  Back  of  Angles.  Iii.«. 

8 

IQ 
lO 
12 
12 

178 

Si 
408 
427 

203 
312 

468 
490 

227 
350 
370 
526 
551 

409 

1?^ 

273 
423 

669 

293 

722 

489 
517 
741 
777 

333 
521 
552 
791 
829 

352 
551 
583 
839 
879 

370 
581 

929 

1^ 
642 
927 
972 

14 

It 

i6 

791 

881 
911 

740 

770 

992 

1027 

822 

855 
HO3 

901 

937 
1210 
1252 

974 
1013 
X310 
1356 

1049 
1092 
I413 
1462 

1122 
1167 
1512 
1564 

XI90 
1238 
1605 
1662 

1259 
1310 
1700 
1760 

1320 

1784 
X848 

18} 

i8 

20 

20 

987 

IOI7 
1238 
I27I 

II37 

"71 
I4J7 
Lf65 

1282 

161 1 
1654 

1426 
1470 
1792 
1841 

1566 
1614 
1969 
2023 

1698 
1750 
2136 
2195 

1831 
1888 
2306 
2369 

1961 
2022 
2471 
2539 

2084 

2149 
2627 
2700 

2209 

2786 
2863 

.2321 

2393 
2930 
3011 

22 
22 
24 

Hi 

I5I8 

1826 
1867 

1750 

1793 
2107 
2154 

1977 
202s 
2381 
2434 

2201 

2255 
2652 
271 1 

2916 
2981 

2626 
2691 
3167 
3238 

2836 
2906 
3421 
3498 

3040 
3752 

3234 
3315 
3905 

3993 

3431 
3516 

4238 

3611 
3701 
4363 
4463 

26i 
26i 

28i 
28i 

2164 

2206 

2530 
2578 

H97 
2548 

2976 

2823 
2881 

lis 

3145 
3210 
3681 
3751 

3459 
3530 
4050 
4127 

3759 
3837 
4402 
4486 

4062 
4146 

4759 
4850 

4358 
4448 
5106 
5204 

4639 
4736 
5438 
5542 

4925 
5027 

5775 
5885 

5188 

6202 

Si 

2925 

2977 

3349 
3404 

3377 

3868 
3931 

3821 
3889 

4377 
4450 

4259 

4335 

^^ 
4961 

4687 
4770 

5460 

5097 
5187 
5842 
5939 

6423 

5914 
6020 
6782 
6895 

6300 
6412 
7226 
7346 

6692 
6810 

7677 
7804 

7054 

8094 
8230 

34i 

36J 

3802 
3861 

43^ 

4391 
4459 
4949 
5021 

4971 
5685 

5544 
5629 

6249 
6341 

6102 
6197 
6880 
6981 

6639 
6743 
7488 

7597 

7181 
7293 
8100 
8219 

7710 
7830 
8698 
8825 

8216 

9269 
9406 

9851 
9995 

9207 

9351 
10392 

10545 

381 
40k 

4861 
5334 
5404 

6164 
6244 

6360 
6982 
7073 

6998 
7094 
7788 
7890 

7705 
7811 

8387 
8503 

9337 
9460 

9074 
9200 
10104 
10236 

9745 

9880 

10852 

10995 

10387 
11720 

11040 
11192 
12297 
12458 

11649 
11811 
12978 
13149 

4^1 
4*i 
44} 
44i 

5903 
5976 
6500 
6577 

6821 
6906 

7718 
7824 
8512 
8613 

8622 
8729 
9497 
9610 

9495 

9613 

10461 

10585 

"392 
11527 

11189 
11328 
12329 
12476 

12019 
12169 

13245 
13403 

12813 

12974 
14122 
14291 

13622 

13791 
15015 

15193 

14378 
14558 
15851 
16040 

4«} 

7127 
7207 

7787 
7866 

8237 
8330 

899s 
9092 

9334 

9440 

10194 

10305 

10416 
IOS33 
11376 
"499 

"473 
1 1603 

12533 
12668 

12496 
12638 
13651 
13800 

13526 
13679 
14777 
14938 

14532 
14697 
15878 
16050 

15495 
15671 
16932 
17116 

18005 
18199 

17396 
17594 
19013 
19220 

Mo 

tment  of  Inertia  0 

fNctAi 

^=Ta 

ibular  Vi 

ducXN 

fet  Area 

-^  Gross 

Area  (a 

pprox.). 
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TABLE  SS.—CatUinued, 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


^ir 


Momesta  of  Inertia 

of  Four  Angles. 

Axis  X-X. 

Long  LegB  Turned  Out. 


JiU 


r 

I 

\ 
I 

X 


For  Distances 

Measured 

from 

BncktoBwJc 


Size. 


6"  X  4".  Long  Legs  Turned  Out. 


Thick. 


I" 


A" 


ft" 


f" 


iJ" 


r 


H" 


I" 


H" 


Area4[s 


16.79 


Z9.00 


3I.S4 


aa-fi 


95.60 


97.76 


99.88 


31.99 


34-00 


Momentt  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  t^  Angles,  In.**. 


8466 
8553 
9179 
9270 

9921 
IOOI5 
I069I 
10789 

II49I 

"593 
1 23 19 
12425 

13176 
13286 
14063 
14175 
14978 

15094 
15922 
16042 

16894 
17018 
17896 
18023 

19057 
20121 
21212 
22333 

^i 

25869 
27105 

28371 
29665 
30988 
32340 

33710 
35130 
36569 
38036 


9786 

9887 

10611 

10716 

1 1469 

"579 
12361 

"475 
13286 
13404 

I4H4 
14367 

15236 
15363 
16262 
16392 

173  2 1 

17455 
18413 
18552 

I9S39 
19682 
20698 
20845 

22042 
23272 
24536 
25833 
27164 
28528 
29925 
31356 

32821 
34318 
35850 
37414 
39012 
40644 
43309 
44007 


11093 

II207' 

12029 
I2I48 

13003 

13127 

I40I5 

I4I44 

15065 

I5I99 
I6I53 

16292 

17279 
17423 
18443 

18592 

19646 

19799 
20886 

21043 

22164 
22326 

23480 
23647 

25006 
26403 

27838 

293" 
30822 
32370 
33957 
35582 

37245 
38946 
40685 
42462 

44277 
46129 
48020 
49949 


12379 
12508 
13425 
13559 

14513 
14652 

15644 
15788 

16817 
16967 
18032 
18187 

19291 

1945 1 
20591 
20757 

21934 
22105 
23320 
23496 

24747 
24929 
26218 
26405 

27923 
29484 
31087 
32733 

34421 
3615 1 

37925 
39740 

41598 
43499 
45442 
47427 

49455 
51526 

53639 
55794 


13639 
13780 
14792 
14939 

15992 
16145 
17238 
17397 
18532 
18697 

19873 
20043 

21260 
21437 
22694 
22877 

24175 
24364 
25703 
25898 

27278 
27478 
28900 
29106 

30781 
32502 

36086 

37948 
39857 
41812 

4381S 

45865 
47961 
50105 
52295 

54532 
56816 
59147 
61524 


14858 
1 501 2 
161 16 
16277 

17425 
17592 
18785 
18958 

20196 
20376 
21659 
21845 

23172 
23365 
24737 
24937 

26353 
26559 
28021 
28233 

29739 
29958 
31509 

31734 
33561 
35440 
37370 
39350 

43466 
45600 
47786 

50023 
52311 
54651 
57041 

59483 
61976 
64520 

67"5 


16085 
16252 

17447 
17622 

18866 
19047 
20339 
20527 

21869 
22064 
23453 
23655 
25094 

25303 
26790 
27006 

28541 
28764 
30348 
30578 

32210 

32447 
34128 
34372 

36352 
38388 


t7 

44829 
47087 
49401 
51770 

iss 

59210 
6I80I 

64448 
67150 
69908 

72721 


17284 
17464 
18749 
18937 

20275 
20470 
21860 
22062 

23505 
23715 

25209 

25427 

26974 
27199 
28798 
29030 

30682 
30922 
32625 
32873 

34629 

36692 

36955 

39086 
41276 
43526 
45836 

48205 

50634 
53123 
55672 

58281 
60949 
63677 
66465 

69312 

72220 

75187 
78214 


18433 

18625 
19997 

20197 
21626 

21833 

23318 

23533 

25074 
25297 
26894 

27125 

28778 
29017 
30725 

30972 

32736 

32991 
3481 1 
35074 
36950 

37221 

39153 
39432 

41707 
44045 
46447 
48914 

51444 
59417 

62202 

'& 

70941 

73982 
77086 
80254 
83487 


19602 

19805 

21267 

21478 

23000 
23220 
24801 
25029 

26669 
26907 
28606 
28852 

30611 
30866 

32684 

32947 

34825 
35097 
37034 
37314 

39311 
39600 
41656 
41953 

49422 
52047 

54741 
57502 
60332 
63229 

66195 
69228 
72330 
75499 
78736 
82402 
85415 
88857 


20701 
20917 
22462 
22687 

24295 
24529 
26200 
26443 

28176 
28429 
30225 
30486 

32346 
32616 

34539 
34818 

36803 
37092 
39140 
39437 

41549 
41855 
44030 

44345 

46907 
49S40 
52246 

5SOH 

57874 
60795 
63789 
66855 

69993 
73202 

76484 
79838 

83264 
87761 
90331 
93973 


Moment  of  Inertia  of  Net  Area  -  Tabular  Value  X  Net  Area  4-  Gto—  Area  (approx.). 
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TABLE  ZZ.— Continued, 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


-nio — T 

Moments  of  Inertia 

of  Four  Anrles. 

Axis  Ji-%, 

Long  Legs  Tamed  Out. 

&-.   .. 

i 

For  Distances 

Measux«d 

from 

Back  to  Back. 

^l^.A 

Sise. 

8"  X  6",  Long  Leg!  Turned  Out.                          | 

Thick. 

ft" 

*" 

ft" 

r 

H" 

1" 

«" 

1" 

il" 

i" 

Area4l» 

aa-T* 

27.00 

3o«4 

33-44 

36.60 

39.76 

42.88 

45-9a 

49.00 

52.00 

<P 

] 

Moments  of  Inertia  About  Axis  X-X  for  Various  DUtances  Back  to  Back  of  Angles.  In 

.4. 

12) 

i6| 

624 

^' 

875 

II34 

1 174 

704 

1283 
1328 

778 
1053 
1096 
1423 
1474 

853 
1 156 
1203 
1564 
1620 

926 
1256 
1308 
1701 
1762 

997 
1354 
1410 
1837 
1902 

1062 
1445 

1963 
2033 

1 128 
1536 
1600 
20»9 

2164 

1193 
1627 

1695 
2214 

2295 

1255 

178^ 

2335 
2420 

i8 
i8 
20 
20 

1474 
1520 
1862 
I914 

1669 
172I 
2109 
2168 

1854 
I912 
2346 
24II 

2039 
2103 

2220 
2290 
2812 
2891 

2398 

2474 
3040 

3125 

2566 
2647 
3255 
3347 

2820 

lis 

2900 

2993 
3683 
3788 

3061 

3159 
3890 
4001 

22 
22 
H 

2297 

2780 
2844 

2604 
2669 

3152 
3224 

2898 
2971 
3510 
3591 

3190 
3271 
3866 

3955 

3477 
3565 
4215 
4312 

IS 

4030 
4133 
4890 

5004 

4297 
4407 
5217 
5338 

5674 

4823 
5998 

26I 
26} 
28} 
28) 

3310 
3963 

3754 
3833 
4411 

4497 

4183 
4271 
4916 
5012 

4609 
4706 
5418 
5524 

5026 

5133 
5911 
6027 

5441 
§556 
6400 
6526 

7004 

6228 
6361 
7332 
7476 

6622 
6764 
7798 
7951 

7002 
841 1 

30 
30 

32I 

4513 

4594 

5185 

5273 

S121 

5885 
5985 

5710 
5813 

6295 
6409 
7238 
7361 

6869 
6994 

7439 

7575 
8558 
8703 

8133 
9190 

9347 

^1 

9814 
9982 

9071 
9237 

10443 
1062 1 

9597 

9773 

1 1050 

11239 

34 
36] 

5905 
6772 

^0 

7576 
7689 

7479 
7598 

8454 
8580 

8248 

8379 
9326 

9465 

9004 
9147 
10181 
10334 

9756 

991 1 

11033 

11198 

10480 
10647 
11855 
12033 

11193 
11372 
12664 

12854 

'  11912 
1 2 103 
13480 
13682 

12608 
12810 
14269 
14484 

^21 
38 

40 

4ol 

t 

; 
\ 

7487 
7593 

8503 
8622 

9483 
9609 

9490 

10586 
10727 

10470 
10617 
11680 
1 1836 

1 1432 

"594 
12756 
12927 

12390 
12565 
13827 
14012 

13316 
13505 

15062 

14227 
16094 

15145 
15360 
16909 
17136 

i6c^5 
16263 

17904 
18145 

4^1 
4** 
44i 
44* 

9*59 

9376 

10216 

10339 

105 17 
10650 
11606 
11746 

"743 
1 1892 
12960 
13116 

12958 
13123 
14303 
14476 

14153 
14333 
15623 
15812 

15342 
15538 
16937 
17143 

16495 
16705 
18213 

18434 

17627 

19466 
19702 

18770 
19010 
20730 
20981 

19877 
2013 1 

21955 
22222 

46} 
48} 

11221 
11350 
12273 
12408 

12748 
12895 

13944 
14098 

14238 
14402 
15576 
15747 

15714 
15895 
17193 
17382 

17167 
17365 

18783 
18990 

18612 
18828 
20367 
20593 

20017 
20249 
21907 
22149 

21396 
21643 

23417 
23677 

22787 
23051 

24943 
25219 

24136 
24416 
26422 
26715 

501 

5^1 

13372 
13513 

15195 
15355 

16974 
17153 
18^33 

18738 
18936 
20350 
20556 

20473 
20689 
22236 
22462 

22201 

22437 

24115 
24360 

23882 
24135 
25944 
26207 

25531 

25082 

27737 
28019 

27196 
27485 

288 II 

291 17 
31304 
31623 

Moment  of  In< 

srtia  of  > 

Jet  Area 

-Tabu 

lar  Value 

rXNct^ 

Lrea  -5-  Gr 

088  Area 

[approx.). 
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TABLE  n.— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 


Long  Legs  Turned  Out. 

Moments  of  Inertia 
Looff  Legs  Turned  Got.                        j 

For  Distances 

Measured 

from 

Back  to  Back. 

c 

JIB i 

MdOut. 

Siie. 

X  6".  Long  Legs  Tun 

Thick. 

V 

r 

A" 

f" 

H" 

r 

jr 

r 

ir 

i" 

Area4L« 

a3-7» 

37^00 

30.S4 

33^4 

a6.6o 

39.76 

4S.88 

45^a 

49^ 

5*^ 

d" 

] 

Momenu  of  Inertin  About  Axis  X-X  for  Various  Distances  Bach 

I  to  Back  of  Angles,  In 

A 

54 

56 

1695s 
17114 

17858 
1803 1 
19270 
19450 

J9953 
20147 
21533 
21735 

22029 
22244 
23775 
23998 

24072 

24307 
25982 
26226 

26108 
26364 
28181 
28446 

28091 
28365 

30034 
30328 

32423 
32728 

31997 
32310 

34545 
34870 

33902 

S8 

60 

^ 

18244 
18409 
19581 
19751 

20736 
20923 
22257 
22450 

23174 
23383 
24875 
25091 

25588 
25819 
27467 
27707 

27964 
28217 
30020 
30282 

3*564 
3*850 

32642 
32938 
35046 

35353 

34904 
35221 

37477 
37805 

37190 
37528 

39934 
40284 

39409 
39707 

62} 
62I 

64i 

20965 
21141 
22396 

22S79 

23831 
24032 

26636 
26860 

32149 
32420 

34351 
34632 

34876 

37S72 

37536 
37853 
40112 
40440 

40142 
40482 
42899 
43250 

42775 
43137 

JiS5 

45331 
45715 

66] 
66 
68 
68 

' 

23875 
24064 
25402 
25596 

2714a 

28878 
29099 

30340 
30580 
32283 
32530 

33508 
33772 

35655 
35928 

36916 
38975 
39274 

39737 
40052 
42287 
42612 

42774 
43112 
45521 
45870 

45747 
46  no 
48687 
49061 

48752 
49139 
51888 
52287 

51670 
52080 
54996 
55419 

70 
70 
72 

72 

26976 
27176 
28597 
28803 

3^ 
30896 

32513 
32747 

34287 
34541 

i§5; 

37869 
38150 
40150 
40440 

41397 
41705 
43892 
44209 

44916 

45251 
47625 

47970 

48354 
48714 
51273 
51644 

51719 
5210S 

54843 
55240 

55121 
55532 

lis? 

61958 
62407 

i 

30478 
32200 

33969 
35786 

34652 
36611 
38625 
40692 

38745 
40937 
43190 
45503 

42796 
45219 
47709 
50266 

46787 

49437 
52161 

54958 

50768 

& 

59640 

54659 
57760 

60947 
64220 

58468 

62318 
65858 
69495 
73231 

66058 
69812 
73671 
77633 

82} 

88i 

37651 
39562 
41522 
43528 

42813 
44988 
47217 
49500 

47877 
1?8^ 

55362 

52889 
55800 

61162 

57828 
60771 

62757 
65953 
69228 

72583 

67578 
71022 

72295 
75981 
79760 
83630 

77065 

85026 
89154 

81699 

85870 

90144 
94523 

90 

92 

49833 
52030 

51837 
59173 

64053 
67011 
70036 
73128 

70041 

79969 

76017 
79531 
83125 
86798 

81869 
85656 

^5J9 
93488 

91646 

95791 
100029 

93380 

97704 
102125 
106645 

99005 
103591 
108282 
113076 

98I 

lOOj 
102i 
IO4I 

58904 
61290 

61726 
69709 

69045 
71963 
74942 
77981 

76287 
79512 
82805 
86164 

^4 

90556 
94231 

90551 

94383 

98294 

102285 

97532 
101662 
105878 
110180 

104358 
108779 
113292 

117897 

111263 

115979 
120792 
125  04 

"7975 
122977 
128083 

133294 

io6 
108 
no 

112t 

637H 
66205 

68733 
71309 

72478 
8IIIO 

8I08I 

87461 
90742 

89590 

93084 

96644 

100270 

97980 
IO1802 

106356 
1 10506 
114736 
119045 

114567 
119041 
123600 
128244 

122594 
127382 
132263 
137235 

130714 
135822 
141028 
146331 

138608 
144027 
149549 

155175 

Moment  of  Ini 

trtiaof  ^ 

to  Area  -  Tabu 

lar  \'alu< 

!  X  Net  / 

Lrea4-Gr 

o«s  Area 

[approx.). 
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TABLE  34. 

MoMBNTS  OF  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 
Short  Legs  Turned  Out. 


T 

•;  r 

Moments  of  InertU 

^Mtf 

\ 

For  Distances 

1 

if  Four  Angles. 

<£ 



^1 

Measured 
from 

Short  Legs  Tamed  Ont. 

1 

Back  to 

Back. 

Jil 

.......' 

1 

L 

Siie. 

3"  XaX",  Short  Leg.  Out. 

3i 

"Xsi' 

'.  Short  Legs  Out. 

4 

rX3". 

Short  Legs  Out.    1 

Thick. 

i" 

A" 

1" 

A" 

*" 

i" 

A" 

r 

A" 

*" 

A" 

1" 

A" 

V 

A" 

x4-»8 

Area4ls 

5^ 

6.48 

7.68 

8.88 

10.00 

5.76 

7.XS 

8.44 

9.7a 

xz.oo 

8.36 

99a 

11.48 

13.00 

d" 

Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles.  InA        | 

n 

33 

37 

41 
44 

47 

s; 

i' 

§ 

7 

40 

48 

1^ 

64 

71 

7i 

43 

S3 

61 

79 

77 

7t 

47 

57 

66 

76 

84 

47 

57 

^ 

76 

84 

7i 

SI 

62 

72 

82 

91 

51 

62 

72 

82 

92 

8 

55 

67 

78 

89 

98 

55 

^ 

78 

89 

99 

H 

S9 

72 

84 

9S 

106 

60 

11 

84 

96 

107 

81 

63 

77 

^ 

102 

114 

^ 

78 

91 

103 

"5 

88 

103 

118 

131 

144 

H 

68 

83 

96 

no 

122 

69 

83 

97 

III 

124 

95 

III 

127 

141 

155 

9 

72 

88 

103 

118 

131 

73 

89 

104 

119 

133 

lOI 

119 

136 

151 

166 

9\ 

77 

94 

no 

125 

140 

78 

95 

112 

127 

142 

108 

127 

145 

161 

178 

9* 
9i 

82 

100 

"7 

134 

149 

84 

lOI 

119 

136 

152 

"5 

135 

155 

172 

190 

87 

107 

124 

142 

158 

89 

108 

127 

I4f 

162 

123 

I4f 

165 

184 

202 

lO 

9* 

113 

132 

'5' 

168 

94 

115 

135 

'55 

172 

130 

153 

175 

195 

215 

io| 

98 

120 

140 

160 

178 

100 

122 

143 

163 

182 

138 

162 

186 

207 

229 

io| 

104 

127 

148 

169 

189 

106 

129 

*§" 

173 

193 

147 

172 

197 

220 

242 

lO} 

109 

134 

156 

179 

200 

112 

136 

160 

183 

205 

155 

182 

209 

233 

257 

If 

"S 

141 

i6s 

189 

211 

118 

I4f 

169 

193 

216 

164 

192 

221 

246 

272 

iii 

121 

149 

174 

199 

222 

125 

152 

179 

204 

228 

173 

203 

233 

260 

287 

iii 

127 

183 

210 

246 

131 

160 

188 

215 

241 

182 

214 

245 

274 

303 

III 

134 

164 

192 

220 

138 

168 

198 

226 

253 

192 

225 

258 

289 

319 

12 

140 

172 

2Q2 

231 

258 

145 

'77 

208 

237 

266 

201 

237 

272 

304 

335 

12} 

147 

181 

211 

243 

271 

152 

186 

218 

249 

280 

211 

249 

285 

319 

352 

12} 
12} 

IS4 

189 

222 

^ 

284 

159 

195 

229 

261 

293 

222 

261 

299 

335 

370 

161 

198 

232 

297 

167 

204 

240 

274 

308 

232 

273 

314 

351 

388 

13, 

168 

207 

242 

278 

3" 

^P 

213 

251 

287 

322 

243 

286 

329 

368 

406 

"3i 

176 

216 

253 

290 

325 

182 

223 

262 

300 

337 

254 

299 

344 

385 

425 

I3I 

184 

225 

264 

303 

339 

190 

233 

V^ 

313 

352 

265 

313 

359 

402 

^ 

i3i 

191 

23s 

27S 

316 

353 

199 

243 

327 

367 

277 

326 

375 

420 

14 

199 

244 

287 

329 

368 

207 

253 

498 

341 

383 

289 

340 

391 

438 

484 

I4l 

207 

yi 

299 

343 

383 

216 

264 

311 

355 

400 

301 

355 

407 

^57 

SOS 

14* 
14I 

215 

310 

357 

399 

224 

275 

323 

370 

415 

313 

369 

424 

476 

S26 

223 

*7S 

323 

371 

415 

233 

286 

336 

385 

432 

326 

384 

4f2 

495 

S48 

IS 

232 

*!l 

335 

385 

431 

242 

297 

\n 

400 

450 

339 

400 

459 

515 

570 

'5J 

241 

296 

!S 

400 

^ 

252 

308 

415 

467 

35? 

415 

477 

535 

S9» 

isl 

250 

307 

415 

261 

320 

377 

431 

485 

366 

431 

495 

556 

61S 

iSi 

258 

318 

374 

430 

4S1 

271 

332 

391 

447 

503 

379 

447 

514 

577 

639 

16 

268 

330 

387 

445 

498 

281 

344 

405 

464 

522 

393 

464 

533 

599 

663 

i6i 

277 

341 

401 

461 

S16 

291 

356 

420 

480 

540 

408 

^^l 

553 

620 

687 

i6| 

287 

3S3 

41S 

477 

S34 

301 

369 

434 

497 

560 

422 

498 

573 

6j3 

71* 

16} 

297 

36s 

429 

493 

SS* 

3" 

381 

450 

515 

579 

437 

515 

593 

665 

737 

18 

348 

4*8 

S03 

579 

S 

366 

jg 

529 

606 

682 

514 

607 

699 

785 

870 

i8| 

3S8 

441 

S19 

1^ 
61S 

377 

546 

625 

^e 

531- 

626 

721 

810 

898 

18} 

369 

^ 

S34 

689 

389 

477 

563 

^ 

547 

646 

767 

836 

926 

18} 

380 

SSO 

633 

710 

401 

492 

580 

748 

564 

666 

862 

95S 

M 

oment 

oflne 

rtiaof 

Net  Area  « 

Tabu 

larVa 

lueX 

Net  A 

rea  + 

Grass 

Areai 

appro. 

O- 

81 


TABLE  U.— Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


f 

1 

ir 

1 

Momenu  of  Inertia 

Uli 

i 

For  Disuaoea            1 

of  Four  Angles. 
Axis  X-X. 

I 

^ 

( 

from                1 

Short  LesB  Tonied  Oat 

Back 

to  Back. 

i. 

Size. 

S"  X  3".  Short  LesB  Tamed  Oat.                           | 

Thick. 

A" 

1" 

A" 

*" 

A" 

1" 

H" 

Thick. 

1" 

A" 

*" 

A" 

1" 

♦r 

Area4L8 

9A, 

"^ 

«3a4 

15.00 

16.79 

i«44 

ao.xa 

Area  Us 

XX.44 

«3.a4 

15.00 

X6.72 

««44 

ao.za 

d" 

Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles.  In.4.         | 

loj" 

^^l 

174 

198 

222 

244 

265 

286 

22} 

1046 

1202 

1356 

1505 

1649 

I79I 

lOi 

156 

184 

210 

235 

259 

281 

303 

22I 

1073 

1234 

1392 

1544 

1692 

1838 

II 

i6s 

195 

222 

274 

298 

322 

24i 

1273 

1464 

1652 

1835 

201 1 

1186 

III 
Il| 

174 

206 

235 

290 

315 

^ 

^ 

1303 

1499 

1692 

1878 

2059 

2238 

184 

217 

^ 

278 

307 

333 

1523 

1753 

1979 

2198 

2410 

2620 

11} 

194 

229 

293 

323 

352 

380 

26J 

1556 

I79I 

2022 

2245 

2463 

2678 

12 

204 

241 

*75 

309 

341 

371 

401 

281 

1796 

2068 

2335 

l^ 

2847 

3950 

12} 

215 

253 

289 

325 

359 

390 

422 

28) 

183 1 

2109 

2382 

2904 

3158 

I2I 

226 

266 

304 

342 

377 

4" 

444 

301 

2091 

2409 

2721 

3024 

3320 

3611 

12} 

237 

28:) 

319 

359 

396 

431 

467 

30J 

2130 

2454 

2772 

3080 

3381 

3678 

13 

248 

293 

335 

376 

416 

453 

490 

321 

2410 

2777 

3137 

3487 

3829 

4166 

i3i 

260 

307 

351 

394 

436 

475 

514 

32J 

2451 

2825 

3192 

3547 

3896 

4239 

I3t 

272 

321 

367 

413 

456 

497 

538 

341 

2751 

3172 

3584 

3984 

4376 

I3i 

284 

336 

384 

432 

477 

520 

563 

34i 

2796 

3223 

3642 

4048 

4447 

4839 

14 

297 

351 

401 

451 

499 

IS 

589 

36i 

3116 

3593 

4060 

4514 

4960 

5398 

"4 

310 

366 

419 

471 

521 

615 

36J 

3163 

3647 

4122 

4583 

5035 

5480 

14 

323 

382 

437 

492 

5^ 

593 

642 

38} 

3503 

4040 

4566 

5078 

5580 

6074 

14I 

336 

398 

456 

512 

567 

619 

670 

3553 

4098 

4632 

5151 

5660 

6162 

15 

350 

414 

475 

533 

591 

645 

698 

¥>k 

3913 

4514 

5102 

5675 

6238 

6791 

iSi 

364 

431 

494 

556 

615 

671 

7^7 

¥> 

3966 

4575 

5172 

5752 

6322 

6883 

"5i 

379 

t 

514 

578 

g 

698 

7S7 

42 

4346 

5014 

5669 

^^21 

6932 

7|*7 

iSi 

393 

534 

601 

726 

7^7 

42* 

4402 

5079 

5742 

6386 

7021 

7645 

16 

408 

484 

554 

624 

691 

754 

818 

44i 

4802 

5541 

6265 

6969 

7663 

8344 

16} 

424 

S02 

575 

647 

717 

783 

849 

h\ 

4861 

5609 

6342 

7055 

7757 

8447 

16 

439 

Sio 

597 

672 

744 

813 

881 

4^ 

5281 

6094 

6891 

7667 

8431 

9182 

16} 

455 

539 

618 

696 

771 

843 

914 

46J 

5342 

6165 

6972 

7756 

8530 

9289 

17 

47* 

558 

^ 

721 

799 

873 

947 

48i 

5782 

6674 

7547 

8398 

9236 

10059 

17I 
17} 

488 

578 

747 

827 

936 

981 

48* 

5847 

6748 

7632 

8491 

9339 

IOI72 

50s 

598 

686 

773 

856 

1015 

50 

6307 

7280 

8234 

9162 

10078 

10977 

i7i 

522 

618 

710 

799 

886 

969 

105 1 

50} 

6374 

7358 

8322 

92  0 

10186 

11094 

18 

539 

639 

733 

826 

916 

lOOI 

1086 

52i 
521 

6854 

7913 

8950 

9960 

10956 

"935 

18} 

557 

660 

758 

854 

946 

1035 

1123 

6924 

7994 

9042 

10062 

1 1069 

12057 

18} 

575 

682 

782 

882 

977 

1069 

1160 

54 
541 

7425 

8572 

9696 

10791 

11872 

12933 

18} 

593 

7PJ 

808 

910 

1009 

1 104 

1198 

7497 

8657 

9792 

10897 

11989 

13060 

20 

690 

818 

939 

1059 

"74 

1285 

1395 

56I 

8018 

9258 

10472 

"^ 

12824 
12946 

13971 

20i 

710 

l£ 

967 

1090 

1209 

1323 

1437 

56 

8094 

9346 

10572 

11766 

14104 

20 

730 

995 

1 122 

1244 

1362 

1479 

58 

8634 

9970 

"279 

"HI 

13814 

15050 

20} 

751 

890 

1023 

"54 

1280 

1401 

1522 

58* 

8712 

10061 

11382 

12668 

13940 

15187 

21 

T7^ 

915 

1052 

1186 

1316 

1441 

1565 

60} 

9273 

10709 

12115 

13485 
13603 

14840 

16169 

21I 

793 

941 

1081 

1219 

1353 

1482 

1609 

60 

9354 

10803 

12222 

14971 

163 1 1 

21 

815 

966 

nil 

1253 

1390 

1523 

1654 

62 

9935 

"474 

12981 

14450 

"l?°l 

17328 

2lf 

837 

99a 

1141 

1287 

1428 

1564 

1699 

62J 

10019 

11571 

13092 

14573 

16038 

17475 

Moment  of  In 

ertiac 

ifNet 

Area  > 

-Tabi 

alarV 

alueX 

Net  An 

!a-*-Gi 

noM  Alt 

a  (approx.). 
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TABLE  3A.— Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


Moments  of  Inertia 

of  Four  Angles, 

Axis  X-X. 

Short  Legs  Turned  Got. 


in 

£ s.  <| 

jlJ 


For  Distances 

Measured 

from 

Back  to  Back. 


SiM. 

5^X  3*".  Short  Legs  Turned  Out. 

Thick. 

1" 

li" 

i" 

ft" 

1" 

H" 

f"       Thick. 

1" 

A" 

*" 

ft" 

1" 

«" 

1" 

Area4l« 

xa.so 

14.1a 

z6xx> 

17.88 

19.68 

ai.48 

33.24    Area4Ls 

XS.90 

14.1a 

16.00 

17.88 

19.68 

ai.48 

23.24 

d" 

Momenu  of  Inertia  About  Axis  X-X  for  Various  Distonces  Back  to  Back  of  Angles,  ln.«. 

193 
228 

240 
»S3 
266 
280 
294 
308 
323 
338 

369 
386 
402 
419 
437 

454 
472 
491 
510 

529 

i« 

697 
720 

;s 

915 
942 

"35 
1165 

1379 
1412 
1648 
1684 
1941 
1980 
2259 
2301 


221 
234 

247 
261 

275 
290 

305 
321 

337 
354 
370 
388 
406 
4*4 

462 
482 
502 
522 
543 
S\ 

h 

654 
678 

803 
829 
856 
883 
1055 
1085 
1309 
1342 
1591 
1628 
1901 
1942 
2240 
2284 
2607 
2655 


261 
276 
292 
308 
324 
341 
359 

396 

415 
434 
454 
475 
496 
518 

563 

IS 

633 
658 
683 
709 

761 
902 

962 
992 
1186 
1221 

1473 
1511 

1792 
1834 
2143 
2189 
2526 
2576 
2941 
2995 


272 
288 

305 
322 

340 
359 
378 
398 
418 
439 
460 
482 
504 
527 

551 

575 

625 
650 
^7 
704 
731 

759 
788 

817 
846 

1003 
1036 
1070 
1104 
1319 

1357 
1639 
1682 

1995 
2042 


2386 
2438 
2813 
2869 
3276 
3337 


296 

3H 
332 

351 
371 
391 
412 
433 
456 
478 
502 
525 
550 
575 
601 
627 

654 

682 

710 

739 

768 

798 

829 

860 

892 

925 

1097 

1133 

1170 

1207 

1445 

1487 
1796 
1843 
2187 
2239 
2617 
2674 
3086 
3148 

3661 


320 
339 
359 
380 
401 
423 

% 

493 
517 

569 
623 

679 
709 
739 
770 
801 

Hi 
866 

899 
933 
968 

1 190 
1230 
1270 
1311 
1569 
1615 
1952 
2003 

2377 
2434 
2846 
2908 

3357 
3424 
3912 

3984 


340 
361 
382 

405 
428 

451 

475 

526 
553 
580 
608 
637 
666 
6;6 
727 
759 
791 

824 
858 
892 
928 

964 
1000 
1038 
1076 
1277 
1320 
1363 
1407 
1686 

1735 
2099 

2153 
2558 
2618 
3063 
3129 
3615 
3687 
4214 
4291 


2601 
2646 
2967 
3015 
3358 
3409 

3773 
3827 
4213 
4270 

4677 
4737 
5165 
5228 

5678 
5744 
6215 
6285 

6777 
6849 
7363 
7438 

7973 
8052 
8608 


9267 
9352 
9950 
0038 

0658 

0749 
1391 

1485 

2148 

2245 
2929 
3029 

3734 
3837 
4564 
4670 


3002 

3054 
3426 
3481 
3877 
3936 

4357 
4419 
4866 

4931 
5402 

5967 
6039 

6560 
6636 
7181 
7260 
7830 
7913 
8508 
8594 
9214 
9304 
9948 
10041 

10710 
10807 
II 501 
11601 

123 19 
12424 
13 166 
13274 
14042 
14153 
14945 
15060 

15877 
15996 
16837 
16959 


3388 
3446 
3867 
3929 
4378 


4920 
4990 
5495 
5569 
6102 
6180 
6741 
6823 
7412 
7498 
8115 
8205 
8850 

8944 
9617 

971S 
10415 
105 18 
1 1 246 
J1352 
12109 
12219 
13004 
13118 
1393 1 
14049 
14890 
15012 
15881 
16007 
16904 
17034 

17958 
18093 

19045 
19183 


3775 
3840 
4309 
4379 
4880 

4953 
5485 
5564 
6127 
6210 
6805 
6892 
7518 
7610 
8267 
8363 
9052 
9152 

9872 
9977 
10728 
10838 
1 1620 
11734 

12667 

13512 
13635 

14511 
14639 

15546 
15678 
16617 
16753 

17724 

18866 
19011 
20044 
20194 
21258 
21412 


4143 
4214 
4731 
4807 
5357 
5439 
6024 
61 10 
6729 
6820 

7474 
7570 
8258 

8359 
9082 
9188 
9945 
10055 

10847 
10963 
11789 
11909 

12770 
12895 
13790 
13921 

14850 


4509 
4587 
5149 
5233 
5833 
5921 

^^^ 
6653 

7328 
7427 
8140 
8245 
8995 
9105 

9894 
10009 


10835 
10955 
11819 

11945 
12846 

12977 

13915 
14052 
15028 
15170 
16184 


14985  16332 
15949  17383 
16089 17536 


17088 

17233 
18266 
18416  20073 


18625 
18783 
19909 


19483 
19638 
20739 
20899 
22035 
22200 
23371 
23540 


21237 
21406 
22608 
22782 
24021 
24201 
25478 
25663 


4859 
4942 
5550 
5639 
6288 
6383 
7072 
7173 
7903 
8010 
8780 
8893 
9704 
9822 

10674 
10798 
11691 
11821 

12754 
12890 

13864 
14005 

15020 

15167 
16223 
16376 

17472 
17631^ 
18768 
18932 
201 10 
20280 
21498 
21675 

22934 
23116 

244^5 
24603 

25943 
26137 
27518 
27717 


Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  +  Gross  Area  (approx.). 

83 


TABLE  U.—ConUnued. 

MoMBNTS  OF  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X~X. 

Short  Legs  Turned  Out. 


^■" 

ir""T 

1 

Momeou  of  Inertia 

uu 

: 

For  Distances                               1 

of  Foot  Aiuries, 
AzisX^. 

^ 

^4 

from 

Shod  Legi  TarMd  Got. 

BacktoBack.                               | 

JLi 

Sixe. 

er'  X  4".  Short  Legs  Tamed  Out. 

Thick. 

r 

A" 

i" 

ft" 

1" 

H" 

r 

H" 

1" 

ir 

i" 

Area4L» 

t4«44 

26.72 

Z9.00 

ax.a4 

"3^ 

a5.6o 

a7.76 

S9.88 

y'9» 

34.00 

jfiMO 

d" 

Moments  of  Inertia  About  Axu  X-X  for  Vaiioiu  Distances  Back  to  Back  of  Angles.  In.«.                     | 

I2|" 

322 

370 

414 

1? 

502 

541 

581 

619 

655 

691 

722 

I4l 

508 

571 

693 

748 

805 

858 

911 

962 

1007 

4t 

461 

530 

595 

660 

723 

781 

840 

897 

951 

1005 

1052 

16} 
16J 

606 

697 

r^5 

871 

955 

1033 

III2 

1 188 

1262 

1335 

1400 

629 

723 

814 

904 

991 

1072 

"55 

1235 

I3II 

1386 

1454 

I8j 

799 

920 

1037 

II52 

126^ 

1369 

1476 

1578 

1677 

1776 

1864 

18 

825 

950 

1071 

1 190 

1306 

I4IS 

1525 

1632 

2156 

1836 

1928 

vy 

102 1 

1 177 

1327 

1476 

1620 

1756 

1895 

2028 

2285 

2401 

20i 

105 1 

1211 

1366 

151 

1668 

1808 

1951 

2089 

2221 

*353 

*473 

22i 

1272 

1466 

1655 

1842 

2023 

2195 

2369 

2537 

2699 

2862 

3010 

22 

130S 

1505 

1699 

1890 

2077 

^2S^ 

2432 

2606 

2772 

2939 

3091 

H 

155* 

1790 

2021 

2250 

2473 

2685 

2899 

3107 

3306 

3507 

3691 

24^ 

1589 

1832 

2070 

2304 

2533 

2749 

2969 

3183 

3387 

359* 

3781 

26} 

I860 

2146 

2425 

2701 

2970 

3226 

3485 

3736 

3977 

4220 

4443 

26} 

1901 

2193 

2479 

2760 

3035 

3*97 

3562 

3819 

4066 

4314 

gS 

28} 

2198 

2536 

2868 

3195 

3513 

3818 

4126 

4424 

47" 

5001 

28| 

2242 

2587 

2925 

3259 

3585 

3895 

4210 

4516 

4808 

5103 

5376 

30I 

2564 

2960 

3348 

3730 

4104 

4461 

4822 

5173 

5510 

5850 

6165 

30I 

2612 

3015 

3410 

3800 

4181 

4545 

4913 

5272 

5614 

5961 

6282 

3n 

2959 

3417 

3866 

4309 

4741 

5156 

5574 

5981 

6372 

6767 

7134 

32J 

301 1 

3476 

3933 

4384 

4824 

5*46 

5672 

6087 

6484 

6886 

7260 

34 

3383 

3907 

4422 

4930 

5425 

5901 

6382 

a? 

7298 

775* 

8174 

5| 

3439 

3971 

4494 
5016 

5010 

5514 

5998 

6486 

7418 

7880 

8310 

3836 

4431 

5593 

6156 

6698 

7245 

7777 

8288 

8805 

9*87 

36] 

3895 

4f99 

5093 

5679 

6251 

6801 

7356 

8416 

8941 

9431 

38J 

4318 

4988 

5648 

6299 

6934 

7546 

8163 

8764 

9341 

99*6 

10472 

38 

4381 

5060 

5730 

6390 

7035 

7656 

8282 

8893 

9478 

10071 

10625 

40 

4829 

5579 

6318 

7047 

775? 

It 

9137 

9812 

10459 

11115 
11268 

11729 

40 

' 

4895 

565s 

6405 

7143 

7866 

9263 

9948 

10603 

11891 

4* 

5369 

6203 

7026 

7838 

8631 

9396 

10167 

10919 

1 1640 

12372 

13058 

4* 

5438 

6283 

7118 

7940 

8743 

95«9 

10300 

1 1062 

"793 

12534 

13229 

44 

5937 

6861 

7773 

8671 

9550 

10398 

II 252 

12085 

12885 
13046 

13697 

!JgS 

u\ 

6010 

694s 

7868 

8778 

9668 

10527 

11392 

12237 

13867 

46i 

6535 

7640 

8657 

9547 

10515 

1 145 1 

"393 

13312 

14194 

15090 

1593  I 

.46 

6611 

9659 
10465 

10639 

11586 

12539 

13471 

14363 

15269 

I6I2O 

48 

7161 

8276 

9379 

1 1527 
1 1657 

"555 

13589 

14598 

15567 

'^"i 

17476 
17674 

48 

7241 

8369 

9484 

10583 

12697 

13742 

147^ 

15744 

16738 

SO 

7816 

9034 

10239 

11426 

12587 

13710 

14841 

15944 

17004 

18080 

19093 

50 

7900 

913 1 

10349 

"549 

12722 

13858 

15001 

161 18 

17189 

18275 

19300 

5» 

8500 

9826 

II 137 

12429 

13693 

14917 

16148 

17350 

18505 

19677 

20781 

sa 

8588 

99*7 

1 1 252 

1*557 

13834 

15071 

163 15 

I753« 

18697 

19881 

20997 

Moment 

of  Incrtu 

1  of  Net 

Area  « 

Tabular 

Value  X 

Net  Alt 

«  +  Gro 

>M  Area 

Capprox.).            1 
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TABLE  H.—  ConUuiied. 

MOICBMTS  OF  InBRTIA  OF  FOUK  ANGLES  WITH  UNBQUAL  LbGS,  AxIS  X-X. 

Shobt  Legs  Turned  Out. 


MoBcnu  of  Inertia 
of  Four  Aaflct, 

Short  LegB  Toned  Got. 


£ S.  i 

J!L_t 


For  DisttBoes 

Measured 

fton 

Back  tp  Back. 


Stxe. 

6^  X  4^.  Short  Lega  Timed  Out. 

Thkk. 

r 

A" 

r 

A" 

1" 

H"  ' 

1" 

ir 

1" 

\r 

x" 

Area4l« 

M.44 

16.7a 

19.00 

az.a4 

23-44 

25.60 

27.76 

a9.88 

31.92 

34-00 

36.00 

d" 

Momentt  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles.  ln.«. 

9213 
9304 

9955 
10049 

10725 
10824 
11525 
11627 

12353 
12459 
13211 
13320 

14097 
14210 
1 5012 
15128 

;i^ 

16929 
17052 

18058 
19092 
20155 
21247 

22368 

25903 

27140 
28405 
29699 
31022 

32374 
33755 

36603 

38070 
39566 
41092 
42646 


10650 

10756 
II6I8 

12073 
12193 
13047 
13 172 

14563 
14701 

14846 

16046 
16199 

16175 
16335 

17484 
17651 

17511 
17685 
18929 
19110 

18816 
19004 
20341 
20537 

20069 
20269 

21697 
21906 

21342 
21554 
23075 
23296 

12400 

12514 
13325 
13443 

14059 
14189 
15110 

15244 

15693 

\^ 

17016 

17292 
17452 
18586 
18751 

18844 
19016 
20255 
20434 

20403 
20591 
21932 
22127 

21926 
22130 

23571 
23782 

25145 
25370 

24876 
25105 
26744 
26983 

14284 
14406 
15276 
15402 

16198 
16336 
17324 
17467 

18082 
18237 
19340 
19500 

19927 
20097 

21314 
21491 

21718 

21903 
23231 

23423 

23517 
23719 
25157 
25366 

25276 
25494 

26965 
27197 
28849 
29089 

28681 
28928 
30686 
30942 

I630I 
16432 
17360 
17495 

18488 
18636 
19690 
19843 

20641 
20806 
21984 
22154 

22748 
22931 
24229 
24418 

24796 
24994 
26412 
26617 

26853 
27069 
28604 
28827 

28C6^ 
29098 
30748 
30989 

30796 
31045 
32807 
33064 

32759 
33023 
34900 
35173 

22208 
22371 

23369 
23545 
24797 
24978 

25758 
25952 
27332 
27533 

28080 
28291 
29798 
30016 

30411 
30641 

32274 
32510 

32692 
32940 
34696 
34951 

34882 

35147 
37021 
37294 

37109 
37390 

20885 
22082 
23312 
24576 

23692 

26454 
27972 
29533 
31136 

29160 
30835 
32556 
34325 

31792 
33619 
35498 
374^ 

36416 
38452 
40543 

37022 
39152 
41343 
43593 

39505 
41780 
44118 
46520 

42029 
44451 
46940 
49498 

25873 
27203 
28567 
29965 

32415 
34002 

32782 
34470 
36201 
37974 

36140 
38002 
39911 
41867 

39408 
41440 

45658 

42690 
44892 
47150 
49464 

45902 
48272 
50701 
53190 

48986 
51516 

56768 

52123 
54817 

35627 
37290 
38990 
40729 

39789 
41647 
43548 
45491 

43869 
45919 
48015 
50159 

4784f 
50081 

52369 
54708 

51833 

56738 
59273 

55739 

61016 
63744 

59489 
62275 
65124 
68037 

69304 
72406 

37454 

a' 

42348 

42506 
44321 
46174 
48065 

47476 
49504 

IPS 

56870 
59201 

57099 
59541 
62034 

64578 

61864 
64511 
67213 
69971 

66531 

^^ 
75253 

71014 
74054 

SI? 

82118 
85491 

44047 
45779 
47544 
49343 

49994 
56008 

55843 
62564 

61579 
68993 

69820 
72517 
75267 

72784 
75653 
78577 
81557 

78280 
81367 
84513 
87719 

1^ 

90216 
93639 

88933 
92442 
96020 

9966^ 

22542 
22767 
24375 
24609 

26280 
26523 
28256 
28509 

30305 

30566 
32426 

32696 

34619 
34898 

36883 
37172 

39220 

39517 

41629 

41935 

44425 
46987 

49620 
52326 

55104 

57954 
60875 
63869 

66935 
70073 

76564 
79918 

83344 
86841 

90411 

94053 
97767 
101553 
105410 


Moment  of  Inertia  of  Net  Area  =■  Tabular  Value  X  Net  Area  -8-  GroM  Area  (approx.). 
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TABLE  3A.^ConUnited. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


ir 

.....  . 

Momenta  of  Inertia 

ForDiattBoet 

of  Four  Ana;] 
Axa  X-X 

ea. 

a 

r 

L  c 

! 

from 

Short  Leg*  Turned  Out. 

Back  to  Back. 

JL 

^ ' 

Size. 

8" 

X  6".  Short  Leg*  Turned  Out. 

Thick. 

A" 

*" 

iV 

r 

•   H" 

r 

H" 

1" 

\r 

i" 

Area4La 

23.72 

27.00 

30.24 

33.44 

96.60 

39.7« 

42.88 

45-9a 

49.00 

52.00 

d" 

Momenta  of  Inertia  About  AzU  X-X  for  Variona  Dtatancea  Back  I 

Lo  Back  of  Anglea.  In.« 

i6i" 

955 

1079 

1197 

1314 

1429 

1967 

1645 

1750 

1854 

1954 

i8i 

1214 

1373 

1524 

1675 

1822 

2103 

2238 

2373 

2503 

18} 

1254 

I418 

1575 

173 1 

1883 

2033 

2706 

^11^ 

2454 

2588 

20l 

1554 

1759 

1955 

2150 

2341 

252Q 

2883 

3059 

3229 

20j 

i6cx> 

1812 

2013 

2215 

2411 

2605 

2788 

2970 

3152 

3327 

22} 
22} 

1942 

2200 

2447 

2692 

2933 

3170 

3395 

3619 

3842 

4058 

1994 

2259 

2512 

2765 

3012 

3256 

3488 

3717 

3947 

4169 

24i 
24I 

2377 

2694 

2999 

3301 

3508 

3891 

4170 

4447 

4724 

4991 

2435 

2760 

3072 

3382 

3686 

3987 

4273 

4557 

4841 

5115 

26) 

26} 

2860 

3243 

361 1 

3977 

4336 

4692 

5031 

5366 

5703 

^? 

2924 

3315 

3692 

^066 

4433 

4797 

5144 

l^^l 

5833 

6166 

28} 

28i 

3390 

3845 

4284 

4720 

5147 

5572 

5977 

6378 

6781 

7170 

3460 

3924 

4372 

4818 

5254 

5687 

6101 

6511 

6923 

7320 

301 

3968 

4501 

5017 

5530 

6032 

6531 

7009 

7482 
7626 

7956 

8416 

30t 

4043 

4587 

5113 

6148 

6636 

7144 

8110 

8579 

3ii 

4593 

5212 

5811 

6406 

6990 

7570 

8127 

8677 

9230 

9765 

32J 

4674 

5304 

5914 

6520 

7115 

7705 

8273 

8833 

9396 

9941 

34 

5265 

5976 
6075 

6665 
6776 

7349 

8021 

8688 

9331 

9964 

10602 

11218 

It 

• 

5353 

7472 

8155 

^ 

101 3 1 

10780 

11407 

5985 

6794 

7580 

8360 

9125 

11343 

12071 

12776 

36i 

6078 

6900 

7698 

8491 

9268 

10042 

10787 

11522 

12262 

12978 

38J 

675a 

7667 

8555 

9437 

10303 

11164 

11995 

12814 

13639 

14437 
14652 

38 

6852 

7780 

8681 

9576 

10455 

11329 

12173 

1300A 
14376 

13841 

¥> 

7567 

8593 

9591 

10581 

11553 

12521 

13456 
13645 

15304 

16203 

¥> 

7672 

8713 

9725 

10728 

11715 

12696 

14578 

15519 

16431 

4* 

8429 

9573 

10687 

11791 

12877 

13957 

15003 

16031 

17068 

18072 

42 

' 

8540 

9700 

10828 

11948 
13069 

13048 

14143 

15202 

16244 

17295 

18313 

44 

933? 

10608 

I1844 

14274 

;i^ 

'^« 

^7777 

18929 

20045 

44i 

9456 

10741 

"993 

13234 

14454 

16845 

18002 

19169 

20299 

46] 

10296 

11696 

1 3061 

14414 

15744 

17069 

18354 

19615 

20889 

22123 

46 

10419 

1 1 836 

13217 

14587 

'5933 

17274 

18574 

19852 

21 140 

22390 

48 

11301 

12839 

14339 

15825 

17288 

18744 

20158 

21545 

22946 

24304 

48 

I1430 

12985 

14502 

16007 

17486 

18959 

20389 

21793 

23210 

24584 

50I 

I23S3 

14035 

15677 

17304 

18904 

20499 

22047 

23567 

25102 

26590 

50* 

12487 

14188 

15848 

17493 

19111 

20734 

22290 

23827 

25378 

26883 

5»t 

5»i 

13452 

15285 

17075 

18849 

20504 

22333 

24023 

25681 

27355 

28979 

13593 

15445 

17254 

19047 

20810 

22568 

24277 

25952 

27644 

29285 

54^ 

14599 

16590 

18534 

20461 
20667 

22357 

24246 

26084 

27887 

29707 

31472 

IJ 

14746 

16757 

18721 

22583 

24491 
26240 

26349 

28169 

30007 

31791 

• 

15793 

17948 

20054 

22140 

24193 

28231 

30184 

32156 

34070 

S6J 

15946 

18122 

20248 

22355 

24428 

26494 

28506 

30478 

32469 

34402 

Moment  ( 

)£  Inertia 

I  of  Net 

Aiea-T 

abukr  Va 

luc  X  Ne 

t  Area  + 

GixMS  Are 

a  (approx 

.). 
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TABLE  ^^CimiimmetL 

Moments  of  In2ktia  of  Foot  Angles  with  Unequal  Legs,  Axis  X-X. 

Sbokt  Legs  Tuxxed  Oct, 


UoBorts  of  laotia 

of  Foot  Aarlet. 

AxisX-X. 

ShoR  Lq^  Tamed  Ool 


T 


JL 


J:4 


Fa 
1 


8^  X  6".  Shaft  Le«s  Out. 


Thick. 


Are«4[t 


«r 


17035 
17194 
18324 
18489 
19661 
19831 
21045 
21221 

22476 
22659 
2395s 
^4143 

25676 
27056 
27256 

28883 
30557 
32279 
34049 
35866 
37730 
39642 
41601 

43608 
45662 
477^ 
49913 
52109 

58983 

61370 
63803 
66284 
68813 

71389 
74012 

76683 

79402 


37.00 


r 


30^ 


H" 


96j6o 


».76 


w 


4S^ 


H" 


19360 
19541 
20827 
21014 

22347 
22541 
23922 
24122 

25550 
25757 
27232 
27446 

28969 
29190 
30759 
30987 

32838 

34743 
36702 

38715 
40782 
42903 
45078 
47308 

49591 
51928 

59263 
61816 
64423 
67085 

69800 
72569 

75392 
78269 

81200 
84185 
87224 
90318 


21634 
21836 
23274 
23484 

^4975 
25192 

26737 
26961 

28559 
28791 
30441 
30681 

3*384 
32631 
34388 
34642 

36714 
38846 
41038 
43291 

45604 
47978 
50412 
52907 

55463 
58078 
60755 
63491 
66288 
69146 
72064 
75043 
78082 
81 182 
84342 
87562 

90843 
94185 

97587 
X01049 


23886 
24109 

25699 
25930 

27578 
27818 
29525 
29773 
31538 
31795 
33619 
33884 

35766 
36039 
37980 
38261 

40551 
42907 

45330 
47820 

50377 
53000 

55691 
58449 

61273 
64164 
67122 
70147 

73239 
76398 
79623 
82916 

86275 
89702 
93195 
96755 

100382 

104075 
107836 
111664 


26103 
26347 
28085 
28338 

30141 
30403 
32270 
3*541 
34472 
34753 
36748 
37037 

39096 
39395 
41518 
41826 

44330 
46908 
49558 
52282 

55079 
57949 
60893 
63909 

66909 
70162 
73398 
76707 

80090 

83546 

87075 
90677 

9435* 

98101 

101923 

105818 

109786 
I 13827 

11794* 
I 221 29 


28312 
28577 
30465 
30739 
32696 
3*981 
35007 
3530* 

37398 
37703 
39869 
40183 

4*418 
4*743 
45048 
4538* 

48101 
50899 
53777 
56734 

59771 
62887 
66083 
69359 

72714 
76148 
79662 
83*56 

86929 
90681 

94513 

98425 

102416 
106487 
110637 
114867 

1 191 76 

1*3564 
128033 
132580 


30464 
30750 
32782 

33079 

35187 
35494 
37677 
37995 
40252 
40581 
4*914 
43*54 

45661 
46012 

48494 
48856 

51785 
54800 
57901 
61088 

64361 

67719 
71163 

74693 
78309 
82010 
85797 
89670 

93629 

97674 
101804 
106020 

I10321 

114709 
119x82 

123741 
128386 
133"6 
137993 
14*835 


3*573 
3*878 
35054 
SS37I 

376*7 
37955 
40292 
40631 

43048 
43400 
45897 
46259 

48837 
49*11 
S1869 
5**55 

55390 
58617 
61937 

65347 
68850 
7*445 
76131 
79910 

83780 

8774* 
91796 
95941 
100179 
104508 
108929 
113442 

118047 
122744 
12753* 
«3*4i3 

X37385 
14*449 
147605 
15*853 


34704 
350*9 
37349 
37687 

40093 
4044* 
4*934 
43*96 

45874 
46248 
48911 
49*98 

52047 
5*446 
55*80 
55691 

5903s 
62477 
66017 
69654 

73390 
77**4 
81156 
85185 

89313 

93539 

97863 

102284 

106804 
111422 
1x6138 
12095X 

125863 
130873 
135981 
141x86 

146x90 
X5x89a 

XS739* 
162990 


5«,oo 


Moments  of  Inerda  Aboot  Axis  X-X  for  Taxxms  Diatuices  Bftck  to  Back  of  Aaffkft,  InX 


36771 
37116 

39577 

39935 
4*486 
4*857 
45499 
45883 

48617 
49014 
5 1838 
5**48 

55 164 
55587 
58593 
590*9 

66226 
69980 
73839 

77801 
81867 
86038 
90312 

94691 
99173 
J037S9 
108450 

"3*44 
118x43 
"3X45 
12825X 

133462 
138776 
144x95 
H9717 

X55343 

!^ 

172847 


Moment  of  Inertia  of  Net  Area  «  Tabular  Value  X  Net  Area  +  Grott  Area  (approx.). 
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TABLE  35. 
MoMBNTs  OF  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  Y-Y. 


Momenta  of  Inertia 

of  Four  Angles, 

Axl«Y-Y, 

Eqnal  Legs. 


3 


For  Dhtinrw 

■nMB 
Bwdtto  Bidb 


•9i 


u 


Distance  Back  to  Back  in  Inches. 


^8 


Distance  Back  to  Back  in  Indies. 


In. 


In.< 


2.84 
3.76 
4.60 

544 

5.76 

7.12 

8.44 

9.72 

11.00 

12.24 

1344 


2.1 
^7 
3.4 
4-2 
9.0 
1 1.4 

16.0 
18.4 
20.8 
23.3 


\ 


2.5 

3.3 

4-2 

5.1 

10.3 

I3.I 
157 
18.4 

21. 1 

23.8 
26.5 


2.6 

35 
4.4 

5-3 
10.7 

16.3 
19.0 
21.9 
24.7 
27.5 


I 


2.8 

4.6 
5.5 
11.0 
14.0 
16.8 

22.6 
25.6 
28.S 


3.1 
4.1 

1:1 

11.8 
15.0 
18.0 
21.0 
24.2 

27.4 
30.5 


I       I 


34 

6.7 
12.6 
16.0 
19.2 

22.5 
25.9 
29.2 
32.5 


In. 


In.s 


3-7 

6.1 
7.3 

13.5 
17.1 
20.6 
24.0 
27.6 
31.2 
351 


2jx2§xl 

1 


4.76 
5.88 
6.92 
8.00 
6.76 
8.36 
,-      9.92 

A 1148 
ii3.oo 

a!  1448 
t|»5-92 


l:i 

7.9 

9.3 

14.2 

18.0 

21.8 

254 
29.2 
32.8 
36.5 


i      A      f       i       f       I 


6.2 
7.8 
9.3 

IIJO 

16.1 
20.2 
24.3 
28.6 
32.8 
37.0 
41.2 


6.5 
8.1 

9.7 
11.5 

16.6 
20.8 
25.0 
29.5 

33.7 
38.1 

42.5 


6.7 

8.5 

10. 1 

1 1.9 

17.1 
21.4 

25.7 
30.3 

34.7 
39.2 

43.7 


7.3 
9.2 
11.0 
12.9 
18. 1 
22.7 
27.2 
32.1 
36.8 
41.6 
46.3 


7.9 

9-9 

11.9 

14.0 

19.2 
24.0 
28.8 
34.0 
39.0 
44.1 


8.5 
10.7 
12.8 
15.1 
20.3 
254 
30.5 
36.0 

46.7 


49.1  52.0 


ui 


Distance  Back  to  Back  of  An^^  in  Inches. 


In.i 


\ 


I 


I  I 


«» 


«4 


^i 


5^Pi 


6x6zi 


'   I 
8x8x} 

'  A 


7.76 
9.60 
11.44 
13.24 
15.00 
16.72 
1844 

16.72 
19.00 
21.24 

23.44 
25.60 
27.76 

17.44 
20.24 
23.00 
25.72 
2844 
31.12 
33.76 
38.92 
44.00 

31.00 
34.72 
3844 
42.12 
45.76 
52.92 
60.00 
66.92 


26.9 
32.3 
37.7 

43-1 
49.0 

54.5 

62.7 

73.2 

84.0 

94.8 

105.6 

116.4 

126.8 

108.5 

126.5 

144.6 

1035 
181.8 
200.1 
219.6 
256.6 
294.0 

343.2 
385.9 
428.8 

516.8 
603.2 
692.9 
780.8 


23.6 
29.7 

35.8 
41.7 
47.8 

60.5 

68.1 

79.5 
90.9 
103. 1 

114.7 
126.3 
138.1 


24.3 
30.5 
36.7 
42.8 
49.0 

55.7 
62.1 

69.5 
81. 1 
92.8 
105.2 
117.1 
129.0 
141. o 


25.0 
31.3 
37.6 

43.9 

50.3 

57.1 

63.7 

70.9 

82.7 

94.7 

1074 

119.5 

131.6 

143.9 

119.8 

139.8 

159.8 

180.9 

201.2 

221.6 

2433 
284.6 
326.3 
369.8 

415.9 
4624 
508.8 
557.6 
65  I.I 

7484 
8434 


25.6 
32.1 
38.6 

51.6 
58.6 
65.3 
72.3 

?« 

109.6 

I22X> 

1344 
146.9 

I2I.8 
142.2 
162.5 
184.0 
204.6 
2254 
247.5 
289.5 
332.0 

3744 
421.2 
468.2 
515.3 
564.7 
6594 
758.0 

854.3 


26.3 

32.9 

39.5 

46.2 

52.9 

60.1 

67.0 

73.8 

86.1 

98.6 

II  1.9 

124.5 

137.1 

150.0 

123.9 

144,6 

165.3 

1 87.1 

208.1 

229.2 

251.7 

2944 

337.7 

379.1 
426.5 

474.1 
521.8 

571.9 
667.9 
767.8 

8654 


26.9 
33.7 
40.5 
474 

it:l 

68.7 

75.3 

87.9 

100.6 

1 14.2 

127  JO 

140.0 
153.0 
125.9 
47.0 
168.1 
190.3 
21 1.7 
233.2 
256.0 

299.5 

343-5 
383.8 
431.8 
480.1 
5284 
579.2 
6764 
777-7 
876.6 


274 

41.6 
48.6 

63.2 
70.5 
76.8 

89.7 
102.7 
1 16.5 
129.6 
142.8 
156.2 
128.1 

149.5 
1 71.0 

193.5 
215.3 
237.1 
2604 
304.8 
349.5 
388.7 
437.3 
486.2 

535.1 
586.5 
685.1 
787.7 
887.9 


28.9 
36.3 
43.7 
51.1 

IS:f 

74.1 
79.9 
93.3 
106.9 
I2I.3 
135.0 
148.7 
162.6 

1324 

154.5 
176.8 

200.1 
222.7 

245.3 
2694 

361.6 

398.5 
4484 
498.5 

601.6 
702.7 

8o8x> 
910.9 


136.8 
159.8 
182.8 
206.9 
230.3 

253.7 
278.6 
326.1 
374.1 
408.5 
459.7 
511.2 
562.7 
616.9 
720.8 
828.8 
934.5 


I4I4 

146.2 

165.2 

170.7 

188.9 

195.3 

213.9 

221. 1 

238.1 

246.1 

262.3 

266.7 

288.1 

297.9 

337.2 

348.7 

386.9 

400.0 

418.9 

4294 

471.3 

483.2 

524.2 

5374 

577.0 

•;91.7 

632.6 

648.7 

739.2 

758.1 

850.1 

871.8 

958.5 

983.1 

15 1. o 

176.5 

201.8 
228.5 
2544 

2757 
307.9 
360.3 
413.5 
440.2 
4954 

^i 

665.1 

777.3 

894.1 

1008.3 


Radii  of  Gyration  about  Axis  Y-Y,  tame  as  given  in  table  of  Radii  of  Gyration  of  Two  Angles. 


TABLE  36. 

Moments  of  Inbrtia  of  Four  Angles  with  Unequal  Legs,  Axis  Y-Y. 

Long  Legs  Out. 


Moments  of  Inertia 

of  Four  Angles. 

Axis  Y-Y. 

hong  Legs  Turned  Out. 


r 


J 
"1 


For  Distances 

Measured 

from 

Back  to  Back. 


a? 


l4 


Distance  Back  to  Bade  in  Inches. 


•38 


a 


Disunce  Bade  to  Back  In  Inchet. 


In. 


In.' 


\ 

■     3 


3M 

6.20 

7.12 

5.76 
7.12 

844 
9.72 

11.00 

6.76 

8.36 

9.92 

11.48 

13.00 

1448 
15.92 


3-9 
S-2 
6.6 

7-9 
9-3 

14.3 
18.1 
21.4 
25.1 
28.6 
21.3 
26.8 
32.1 
37.S 
43.2 
48.6 
54.0 


i 


11 

7-7 
9-3 
10.9 

16.0 
20.2 
24.2 
28.2 
32.3 

23.7 
29.6 

354 
4M 
47.7 
53.7 
59-9 


4.8 
6.4 
8.1 

9.7 
11.3 

16.4 
20.7 
24.9 
29.0 
33.2 

H'3 
30.3 
36.3 

424 
48.9 

61.3 


I 


6.7 

84 

10. 1 

11.8 

16.9 

25.6 
29.8 

34-1 
24.8 
31.0 
37.2 
43.5 

56.4 
6217 


i 


5.4 

7* 

9.1 

10.9 

12.7 

17.9 
22.5 
27.0 

3i'5 
36.1 

26.1 
32.6 
39.1 
45-7 
527 
59-3 
65.9 


I 


5.8 

7.8 

9.8 

11.7 

137 

18.9 


f 


In. 


In.s 


6.2 
8.4 

12.6 

147 
19.9 


23.8125.1 
28.5 1 30. 1 

33-3:3S-i 


38.1 

27.4 
34.2 


40.2 
28.8 
35-9 


41.043.ol 
47.950.3 
5S.3S8.o| 
62.2J65.3 
69.0,72.6 


3X2jxi 

■  t 

3^3^! 

■  t 

"  i 

SX31A 
"  i 

■  t 


5-24 

648 

7.68 

8.88 

10.00 

6.24 

772 

9.20 

10.60 

12.00 

9.60 

11.44 

13.24 

15.00 

16.72 

18.44 

20.12 


9.0 
11.2 
13.8 
16.0 
18.3 
144 
18.0 
21.6 
25.2 
29.2 

52.3 
62.7 
73.2 
84.0 
94.0 
105.3 
115.9 


i 


10.3 
12.9 
157 
184 
21.0 

16.1 

20.2 

24.3 

28.3 

327 

56.3 

67.6 

79-3 

90.5 

101.8 

113.8 

125.2 


10.6 

II.O 

13.3 

13.8 

16.2 

16.8 

19.0 

19.6 

21.7 

224 

16.6 

17.0 

20.7 

21.3 

25.0 

257 

29.1 

30.0 

337 

34.6 

11^ 

58.5 

68.9 

70.2 

80.8 

824 

92.3 

94.1 

103.8 

105.8 

116. 1 

118.3 

127.7 

130.2 

i 


II.7 
147 
179 

21.0 
24.0 
18.0 
22.6 
27.2 

317 
36.7 

60.8 
73.0 
85.6 

97.8 
IIO.O 

123.0 

135.3 


f 


12.5 

157 
19. 1 
224 
25.6 
19.0 
23.9 
28.8 

33.5 
38.8 

63.2 
75.8 
89.0 
101.6 
114.2 
127.8 
140.6 


I 


16.7 
20.3 
23.8 
27.2 
20.1 
25.2 
30.4 

35.4 
41.0 

65.6 
78.7 
924 
105.5 
1 18.7 
132.7 
146. 1 


'oS 
vis 


In. 


In.< 


"t 

"t 

"1* 
6x411 

■■t 

a 

"       I 

8x6xA 

"      i 

"      I 


10.24 
12.20 
14.12 
16.00 
17.88 
19.68 
21.48 
23.24 

1444 
16.72 
19.00 
21.24 

2344 
25.60 
27.76 
31.92 
36.00 

23.72 
27.00 
30.24 

33.44 
36.60 
39.76 
4592 
52.00 


Distance  Back  to  Back  of  Angles  in  Inches. 


52.3 
62.7 

73.1 
84.0 
94.6 
105.0 
II5.6 
126.8 
108.2 
1 26. 1 
144.8 
162.9 
180.9 
200.1 
218.I 
254.2 
292.8 

299.2 
342.0 
386.2 
428.8 
471.2 
514.0 
602.0 
,688.0 


i 


56.5 
67.8 

79.1 
90.9 
102.4 
II3.7 
125. 1 
1374 
II5.5 

134.5 
154.6 

173.9 
193.I 
213.7 
233.0 
271.8 
312.6 


57.6 
69.2 
80.7 
927 
1044 

1 15.9 
127.6 
I40.I 

II7.3 
136.7 

157.I 
176.7 
196.3 
217.2 
236.9 
276.3 
317.8 


f 


58.8 

70.5 
82.2 
94.6 
106.5 
II8.2 
130. 1 
142.9 
II9.2 
139.0 
1597 
179.6 

199.5 
220.8 
240.8 
280.9 
323.1 


321.9 

. 367.9 

......  415.5 

..-,..  461.5 

507.5 

. 553.8 

.._...  648.6 

. 741.8 


599 
71.9 
83.9 
96.4 
108.6 
120.6 
132.7 
145.8 
121.2 
141.2 
162.3 
182.6 
202.8 
224.4 
244.7 
285.5 
3284 

325.8 

3724 
420.6 
467.2 
513.8 
560.7 
656.7 
751.1 


i 


61.1 
73.3 
85.5 
98.3 
110.7 
123.0 

135.3 
148.7 

123. 1 

143.5 
164.9 
185.5 
206.1 
228.1 
248.8 
290.2 
333.8 
329.8 
377.0 
4257 
473.0 
520.2 


62.3 

74-7 
87.2 
100.2 
II  2.9 
1254 
138.0 
151.6 
125.1 

167.6 
188.5 
209.5 
231.8 
252.8 
295.0 
339.3 

333-9 
381.6 
431.0 
478.8 
526.6 


I 


567.6  574.7 
664.9  673.1 
760.5  I769.9 


63.5 
76.2 
88.9 
102.2 
115.1 
127.8 
140.7 
154.6 
1 27. 1 
148.2 
170.3 
191.6 
212.9 
235.6 
256.9 
299.8 
344.9 

337-9 
386.2 

436.3 
484.7 
533.1 
I581.8 
I681.5 
1779-5 


f 


65.9 
79.2 

924 
106.2 
1 19.6 
132.9 
146.2 
160.6 
131.3 
153.0 

175-9 
197.9 

219-9 
243.3 
2654 

309.6 
356.2 
346.2 

3957 
447-0 
496.7 
546.3 
596.2 

698.S 
799.0 


354-7 
4054 
458.0 

508.9 
559-8 
611. o 
715-8 
818.8 


363.3 
415.3 
469.2 
5214 

626.0 

733.5 
839.1 


i» 


«J 


372.1 

381.2 

4254 

435.8 

480.7 

497.4 

534.2 

547.2 

587.5 

601.9 

6414 

657.1 

751.5 

769.9 

859.8 

880.9 

Radii  of  Gyration  about  Axb  Y-Y,  same  as  given  in  table  of  Radii  of  Gyration  of  Two  Angles. 
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TABLE  37. 
Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  Y-Y. 

Short  Legs*  Out. 


Momentf  of  Inertia                         ^   [1                                    fl                                   ^o^  Distances 

of  Four  Anf  les.                            J    i=D                   i '1  V                                  Meaaoied 

Axis  Y-Y,                                        =3^              C=ri      '                                     from 
Short  Leg.  Turned  Out.                          [J                                   [J                                  Back  to  Back. 

«! 

Distance  Back  to  Back  in  Inches. 

Ui 

Distance  Back  to  Back  in  Inches. 

In. 

In.t 

0 

\ 
2.5 

2.6 

f 
2.7 

\ 
3.0 

1 
3.3 

1 

In. 

In.* 
5.24 

0 

I 

A 

f 

* 

1 

i 

2}X2XA 

3-24 

2.0 

3.7  : 

;x2jxj 

5? 

6.2 

6.5 

^•7 

7.3 

7.9 

8.6 

«     JL 

4.24 

2.7 

3.4 

3.5 

3.7 

4.1 

4.6 

|-° 

((    1 

7.I8 

6.6 

7.8 

8.1 

8.5 

9.2 

lO.O 

10.8 

5-24 

3.4 

4.3 

4-5 

4-7 

!•* 

5.8 

6.4 

8.0 

9.5 

9.9 

10.3 

11.2 

12.2 

13.2 

C<         I 

6.20 

4.1 

%'^ 

5-^ 

1-7 

6.3 

7.0 

71 

8.88 

9.5 

11.2 

11.7 

12.2 

13.2 

144 

15.6 

i<         T 

7.12 

4.8 

6.1 

6.4 

6.7 

7.5 

8.2 

9.1 

10.00 

10.8 

12.9 

134 

14.0 

15.2 

16.S 

17.9 

3Jx2lxl 

5.76 

5? 

6.2 

6.5 

6.8 

74 

8.0 

8.7: 

lixjxj 

6.24 

9.0 

10.4 

10.7 

II. I 

1 1.9 

12.7 

13.6 

«         5 
«       1 

7.12 

6.6 

7.9 

8.3 

8.6 

9.4 

10.2 

II.O 

((      s 

7.72 

"1 

^H 

13.5 

14.0 

15.0 

16.0 

17.2 

8.44 

8.0 

9.6 

lO.O 

10.4 

11.3 

12.3 

13.4 

9.20 

13.8 

15.8 

16.3 

16.9 

18.1 

194 

20.8 

<t        1 

9.72 

9.4 

11.2 

11.7 

12.2 

13.3 

14.S 

15.7 

«    JL 
«    1 

10.60 

16.0 

18.4 

19.1 

19.8 

21.2 

22.7 

24.3 

11.00 

10.8 

12.9 

13.5 

14. 1 

15.4 

16.7 

18.2 

12.00 

18.6 

21.4 

22.2 

23.0 

24.6 

264 

28.2 

^}^\ 

6.76 

9.1 

10.5 

10.9 

11.3 

12.1 

12.9 

13.8  i 

>^PJ^ 

9.60 

11.3 

13.2 

^H 

14.2 

15.3 

16.5 

17.7 

JL. 
"      1 

8.36 

11.4 

^^I 

13.6 

14. 1 

15.1 

16.2 

17.4 

11.44 

13.6 

16.0 

16.6 

17.2 

18.5 

19.9 

21.4 

9.92 

13.7 

15.8 

16.4 

17.0 

18.2 

19.5 

20.9 

"■t 

13.24 

16.1 

19.0 

19.7 

20.4 

22.0 

23-7 

254 

11.48 

16. 1 

18.5 

19.2 

19.9 

21.4 

22.9 

24.6 

15.00 

18.5 

21.8 

22.6 

23.5 

25.3 

27.3 

29.3 

1300 

18.6 

21.5 

22.3 

23.1 

24.8 

26.7 

28.6 

:f 

16.72 

21.0 

24.7 

25.7 

26.7 

28.7 

30.9 

33.2 

::f 

14.48 

21. 1 

24.4 

25.3 

26.2 

28.2 

30.2 

32.4 

18.44 

23.8 

28.0 ,29.1  '30.2 

32.6 

3S.I 

37.7 

15.92 

23.6 

27.2 

28.2 

29.3 

31.5 

33.7 

36.2 

"  a 

20.12 

26.4. 

31.1  32.3  33.6  36.2 

39.0 

41.8 

11 

ii\ 

Distance  Back  to  Back  of  Angles  in  Inches. 

In. 

In.* 

0 

\ 

A 

1 
21.7 

A 

\ 

A 

f 

f 

1 

I 

x» 

'I 

Sx^JxjV 

ia.24 

18.I 

20.4 

21.0 

22.4 

23.0 

23.7 

245 

26.0 



...—..- 

.. 



12.20 

21.7 

24.6 

25.3 

26.1 

26.9 

27.8 

28.6 

29.5 

31.3 







<i      JL 
<(      1 

14.12 
16.00 

25.5 

28.8 

29.7 

30.6 

31.6 

32.S 

33.6 

34.6 

36.8 



29.4 

33.3 

^H 

35-5 

36.6 

37.7 

38.9 

40.1 

42.6 



::  f 

17.88 

33.3 

37.7 

38.9 

40.1 

41.4 

42.7 

44.0 

45.4 

48.3 









19.68 

37.1 

*;-5 

^l'^ 

44.8 

46.2 

47-7 

49.2 

50.7 

53.9 









::  {* 

21.48 

41.0 

46.6 

48.0 

49.6 

51.2 

52.8 

54.4 

56.1 

59.7 

23.24 

454 

51.6 

53.3 

55.0 

56.7 

58.5 

60.4 

62.2 

66.1 







6i4x| 

14.44 

32.4 

36.0 

37.0 

38.0 

39.0 

40.0 

H'^ 

42.2 

44.6 

,.. 





"    A 

16.72 

37.8 

42.1 

43.2 

44.4 

45.6 

46.9 

48.2 

49.5 

52.2 







"  i 

19.00 

43.7 

48.7 

50.0 

51.4 

52.8 

54.3 

55.8 

57.3 

60.5 





::  f 

21.24 

49.3 

55.0 

56.5 

58.1 

l?-7 

61.4 

63.1 

64.8 

68.4 

..... 

23.44 

54-9 

61.3 

63.1 

64.8 

66.6 

68.5 

70.4 

72.3 

76.4 







::  {i 

25.60 

61.2 

68.4 

70.3 

72.3 

74.3 

76.4 

78.5 

80.7 

85.2 









27.76 

67.1 

75.0 

77.1 

79.3 

81.5 

83.8 

86.2 

88,5 

93.5 





"  i 

31.92 

78.9 

88.5 

91.0 

93.6 

96.2 

98.9 

101.7 

104.5 

110.3 



"  I 

36.00 

92.1 

103.4 

106.3 

109.3 

1 12.4 

115.6 

118.8 

1 22. 1 

128.9 





8x6zA 

23.72 

126.9 





140.6 

143.0 
163.7 

145.5 

148. 1 
169.5 

150.7 

156.0 

161.5 

167.2 

173.0 

179.1 

27.00 

164.2 

...^... 



160.9 

166.6 

172.5 

178.6 

184.9 

191.5 

198.3 

205.2 

::  \ 

30.24 

... . 

...„ 

182.3 

185.5 

188.8 

192.1 

195.5 

202.5 

209.7 

217.2 

224.8 

232.7 

33.44 

182.6 

.—„... 

202.8 

206.4 

210.1 

213.8 

217.6 

2254 

233.5 

241.8 
266.5 

250.4 

259.2 

"  tt 

36.60 

201.0 

... . 



223.5 

227.4 

231.5 

235.6 

239.8 

248.5 

281.6 

276.0 

285.8 

t«     a 

3976 

219.6 





244.3 

248.7 

253.2 

257.7 

262.3 

271.8 

291.7 

302.1 

Hl'l 

!!  * 

45.92 

258.5 





287.8 

293.0 

298.3 

303.7 

309.1 

320.4 

331.9 

343.9 

356.1 

368.8 

"  I 

52.00 

296.7 

— 



330.7 

336.7 

342.8 

349.0 

355.4 

368.3 

381.7 

395.5 

409.6 

424.3 

Radii  of  Gyration  about  Axis  Y-Y^  same  as  given  in  Table  of  Radii  of  Gyration  of  Two  Angles.  | 
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'\JLF 


x:m.  A3 


:■<  « 


:      ^       s       ? 


•         *         1 


^-^    i.^i    ^>*    ;>»    ;.^c     :,i 
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TABLE  39. 
Rado  of  Gyxation  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 

Long  Legs  Out. 


Radii  of  Gyration 

of  Two  Angles, 

hoDg  Legs  Turned  Got. 


-^P^ 


For  Distanoes 
jBcasured  nrom 
BMktoBKk. 


•as 
I" 


J 


In. 


■■t 

"  A 

't 

■  t 

■  t 


In. 


S13M 


It 

«         I 

8x6xA 

If 


In.< 


i.6a 
2.12 
2.62 

3.56 
2.88 
3.56 
4.22 
4.86 
S'SO 
3.38 

4.96 

574 
6.50 
7.24 
7.96 


Axis  Y-Y. 


Distance  Back  to  Back  in  Inches. 


•5  8 


i 


i     A  I  I  I  M  t  I  t 


1. 10 1 

I. II I 
1. 12. 1 
1.131 
1.14:1 

1.581 


19 1.22  I 
20  1.23 1 
.21,1.24  I 

22.1.25 1 


24  i.29;i.34 

25  1.30  1.36 

26  1.3 1 
28  1.32 


1.60 
1. 61 
I.6I 

1.62 

1.77 
179 
1.80 
I.8I 
1.82 

1.83 
I^ 


,241.261.29,1.33 

.67!i.69'i 


'I 


711.76 
.68:1.701.73,1.77 
.691.721.74-1.79 
.70' 1.73  i.7S|i.8o 


1.37. 
1.38. 
1-39, 
1.81 
1.82 
1.84' 
i.8s 


71,1.74,1.76,1.811.86, 


.87' 1.89' 1.92' 1.96  2.01 

88|i.90,i 
89,1.91  I 


93  1.97  2.02 
,94;  1.98  2.03. 
.901.92,1.95.1.992.04! 
.96  2.oi'2.o6| 
97!  2.02' 2.07; 


J, 


.92  1.94  I 

93  1.9s  I 

.94  1.96  1.98.2.03  2.08I 


I.38  3x2§x} 
140 

146 
1.86 
1.88 
1.89 
1.90 
1.91 
2.06 
2.07 
2.08 
2.09 
2.11 
2.12 
2.14 


4 

't 

5x3xA 


In.« 


2.62 
3.24 
3.84 

444 
Sxx> 

3.12 
3.86 
4.60 
5.30 
6.00 
4.80 

572 
6.62 
7.50 
8.36 
9.22 
10.06 


Axis  Y-Y. 


Distance  Back  to  Back  In  Inches. 


i      A 


I-3I 
'•32 
1-33, 


140  142 
MI.M3 
M3  M5 


i  I  M  i  !_1- 


i.34;i44M6 
1.35 


1.52 
1.52 
1-53 
1-54 
I'SS 
2.33 

2.34 
2.35 


M5,M7 
1. 61  1.63 

1.61  1.64 

1.62  1.65 

1.63  1.66 


145  1.50  I 
1461.51  I 
1481.53I1 
1.49  1.54  I 

1.501.55:1, 

i.65'i.7oi 
i.66;i.7ii 
1.67:1.721 
1.68  I.73II 


55  1-59 

56  1.60 

58  1.62 

59  1.64 
601.65 

75  1-79 
761.81 
.77;  1.82 
78  1.83 


1.65  1.68  i.7o.i.7S.i.8o;i,8s 

242'245'247'2.52  2- 


:i 


245247249.2.542.1 


2.37i 

2.391 

240; 


.57.2.62 

2.43  2.46  248,2.53"2.58.2.63 
■59.2.64 
60  2.65 
.61*2.66 
63  2.68 
.64  2.69 


2.36:246  248  2.50  2.55  2 


2472.492.52  2.57  2.( 
2.48  2.51  2.532.58  2.< 
249  2.52  2.54:2.59  2.< 


2li 


In.« 


6.10 

8.00 

8.94 
9.84 

10.74 
11.62 

7.22 
8.36 
9.50 
10.62 
11.72 
12.80 
13.88 
15.96 
18.00 
11.86 
13.50 
15.12 
16.72 
18.30 
19.88 
22.96 
26.00 


1.03 
1.02 
1. 01 
1. 01 
1.00 

•99 
.98 

.98 
1.17 
1.16 
1.15 
1.14 
1.13 
1.13 
1.12 
i.li 
1.09 
1.80 

1.79 
1.78 

1.77 
1-77 
1.76 

174 
173 


AxisY-Y. 


Distance  Back  to  Back  of  Ancles  in  Inches. 


2.26 
2.27 
2.28 
2.29 
2.30 
2.31 
2.32 

a-33 
2.74 

2.76 
2.77 
2.78 

2.79 
2.80 
2.82 
2.85 

3.56 
3.57 
3.58 

3.60 

3.62 

3.64 


2.36 

2.37 
^38 
2.39 

240 

241 
243 
2.83 

2.84 
2.85 

2.86 
2.87 
2.89 
2.90 
2.92 
2.95 


2.37 
2.38 
2.39 
241 
2.42 

2.43 
244 
246 

2.8s 
2.86 
2.88 
2.88 
2.89 
2.91 
2.92 
2.94 
2,97 


f 


2.39 
2.40 
241 
243 
244 

2.46 
248 
2.87 
2.88 
2.90 
2.91 
2.92 
2.94 
2.95 
2.97 
2.99 
3.68 
3.69 
371 
371 
372 

3.76 


242 
243 
244 

246 
248 
2.49 
2.51 
2.90 
2.91 
2.92 
2.93 

i^ 

2.97 
2.99 
3.02 

371 
371 
373 
374 

3.76 
3.78 
3.80 


i 


244 

246 
2.48 
2.49 
2.50 
2.51 
2.53 
2.92 
2.93 

2.95 
2.96 
2.97 
2.98 
2.99 
3.01 
3.04 

373 
374 

3.76 
3.77 
378 
3.81 

i82_ 


247 

249 

2.48 

2.50 

249 

2.52 

2.50 

2.53 

2.51 

2.54 

2.52 

2.55 

2.53 

2.56 

2.55 

2.58 

2.94 
2.95 
2.97 
2.98 
2.99 

3-01 
3.02 

3.04 
3.07 

3.76 
3.77 
378 
3.79 
3.80 
3.83 
3.85 


2.97 
2.98 
2.99 
3.00 
3.01. 
3.03 

'a 

3.09 

3.77 
3.78 
3.80 
3.81 
3.82 
3.82 
3.85 
3.87 


I 


2-54 

2.56 
2.58 

2.59 
2.60 
2.61 
2.63 
3.01 
3.02 

3.04 
3.05 
3.06 
3.08 
309 
3.11 

3.14 
3.82 
3.83 
3.84 
3.85 
3.86 

3.87 
3.90 

3.92 


i    «  I  M  I  'i 


3.87 
3.88 
3.89 
3.90 
3.91 
3.92 
3.95 
397 


391 
3.92 
3.94 
3.95 
3.96 
3.97 
3.99 


3.96 
3-97 
3-99 
4.00 
4.01 
4.02 
4-04 
4-07 


4.01 
4.02 
4.03 
4.04 

4.06 

4-09 
4.12 


Momenu  of  Inertia  about  Axis  Y-Y  equal  one-half  of  valuet  ghren  in  Table  of  Moments  of 
Inertia  of  Four  Angles,  Table  36. 
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TABLE  40. 

RADn  OF  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 
Short  Legs  Out. 


Radii  of  Gyradoa 

of  Two  Anffles. 

Shaft  Legs  Timed  Out. 


X— 


For  Distances 
Mcasttred  from 
Back  to  Back. 


III 


In.* 


zixzxA 

I 


1.62 
2.12 
2.62 
3.10 

3.S6| 
2.88' 
3-561 

4.86 
3.38 

4.96 
574' 
6.50 


AxisY-Y. 


Distance  Bade  to  Back  in  Inches. 


i 


f  i  l^ 


■n 

.78, 
.78 
•77 

1.12* 
I.II 

I.IO 
1.09' 

1.28 
1.27 
1.26 
1.25 
1.25 
1.24 
1.23 


.79 

.8a 
.81 
.81 
.82 


.88 
.89 
.91 
.92 
■93 


•95  1.04 
.96,1.05 
.97:1.07 
.98  1.07' 
.99,1.08 

1.16  1.24' 
1.171.25: 

1.17  1.26; 

1. 18  1.27I 
1.20' 1.28 


.90 
.91 
.93 
.94 
•95 
1.06 
1.08 
1.09 

I.IO 

I.II 

1.27 
1.28 
1.28 
1.29 
1.31 
1.32 


.92 

•93 
.95 


i   |l       i 


.96 
.98; 
1.00, 


1.21  1.30  ..J.  ..j3,.-»^ 
i.22ii.3i|i.33'i.36U4i| 


.96:1.01 

.971.02, 

J.09II.I3' 

i.ioji.15 

I.II  1.16! 
1.121.17; 
1.13  1.18. 
1.29J1.34. 

I  30,1.35 
1.311.36, 
1.32  1.36 
1.33,1.38, 
1.35,140 


1.02 
1.04 
1.05 
1x36 
1.07 
1.18 
1.20 
1.21 
1.22 
1.23 
1.38 

1-39 
140, 
141 
143; 
M5, 
m6| 


In. 


1.07 
1.09 
I.IO 
I.II 
1.13 
1.23 
1.24 
1.26 
1.27 
1.29 

M3 
144 

146 
1.48 
1.50 
1.51 


■t 


1^ 


In.« 


2.62 
3.24 
3.84 

444 
5.00 

3.12 

4.60 
5.30 
6.00 

4.80 
572 
6.62 
7.50 
8.36 
9.22 
10.06 


AxisY-Y. 


Distance  Back  to  Bade  in  Inches. 


i 


.95  I.OO.I.09  I.II  I 


.94,1.01,1 
.931.02-1 

'1.O31 


.92 
.91 
I.II 
I.IO 
1.09 
1.08 
1.07 
I.61 
I.61 
1.60 

1.59 
1.58 


I.O4I1, 
1.20  I 
1.22  I, 
I 
I 
I, 
I, 


,10,1.12 1 

.II|I.I4I 
.12  i.is'i 
,i4!i.i6  I 


1.23 
1.23 
1.24 

1.09 
1.09,1 


29,1.31 
30!  1-32 
3iii.33 
32.1.34 
33,1.36 
17  1.20 
.18  1.2 


I.IO 

I.II 
1. 12 


1.57  1.14 

1.5611. I5;i.24!i.27 


2I'I.23 
22  1.24 
.23 '1.26 


:\r 


A  I    t   I   M   t       I 

.I3'i.i8'i.23  1.28 
.14  1. 19  1.24  1.29 

.16  I.2I  1.26,1.31 

.I7'i.22'i.27i.33 

18 1.23  j  1.28 1.34 

.33'i.38|i43;i48 
.35  1.39,1441 149 
.361.401.45I1.50 
.37141  1.46  1.51 
.39,143  148,1.53 
22*1.26  1.31 1.36 
.23  1.27  i.32ji.37 

.241.291.341.39 
.25  1.301.3s  140 
.261.31  1.36  1. 41 
.28I1.33  1.38  143 
.29!i.34li.39li.44 


AxisY-Y. 


Distance  Back  to  Back  of  Angles  in  Inches. 


I 


43 
.44 
45 
47 
48 

49 
50 
.51 
.60 
61 


146 
146 
147 
149 
1.50 
1.51 
1.52 
1.54 
1.62 
1.63 


.62  i.6s 
.63  1.66 


64 

.66 

.67 
.69 
.7a 


1.67 
1.68 
1.69 
1.71 
1.74 
243 

246 
246 

247 
248 
2.51 
2.52 


148 

149 
1.50 
1.51 
1.52 
1.53 

\t 

1.67 

1.68 
1.69 
1.71 
1.72 

1.74 
1.77 

M5 
246 
248 

249 
249 
2.50 
2.53 
i.54 


i 


1.50 
1.51 
1.52 
1.54 

1.56 
1.57 
1.59 
1.66 
1.68 
1.69 
1.70 
1.71 
1.73 

1.76 

1-79 

247 
248 
2.50 
2.-5I 
2.52 
2.52 
2.55 
2.57 


1.52 
1.53 

1.56 

1.57 
1.58 

1.59 
1.61 

1.69 
1.70 
1.71 
1.72 
1.73 
1.75 
1.76 

1.79 
1.82 

249 
2.51 
2.52 
2.53 
2.54 
2.55 
2.57 
2.59 


1.55 

1.59 

i.S6 

1.60 

1.57 

1.62 

1.58 

1.63 

1.59 

1.64 

1.60 

1.66 

1.62 

1.67 

1.63 

1.69 

1.71 

1.76 

1.72 

1.77 

1.74 

1.78 

1.75 

1.79 

1.76 

I.81 

1.77 

1.82 

1.79 
1.81 

;:^ 

1.84 

1.89 

2.52 

Z.S6 

2.53 

2.S7 

2^54 

a-59 

2.5  <> 

2.60 

2.l>6 

2.6l 

2.57 

2.62 

2.59 

2.64 

2.62 

2.66 

I  I   '   I   x| 


2.61 
2.62 
2.63 
2.64 
2.65 
2.66 
2.69 
2.71 


2.66 
2.66 
2.68 
2.69 
2.70 
2.71 

2.74 
2.76 


2.70 
2.71 
2.73 
2.74 
2.75 
2.77 
2.79 
2.81 


xJ 


2.75 
2.76 
2.77 

2.79 
2.80 
2.81 
2.83 

2.86 


Moments  of  Inertia  about  Axis  Y~Y  equal  one-haM  of  values  given  in  Table  of  Momen^ 
Inertia  of  Four  Angles,  Table  37. _______^ 

93 


TABLE  41 
Safb  Loads  of  Single  Angle  Struts 

Equal  Leg  Angles 
Amsucan  Bridge  Company  Standards 


Sife  lo«lf  in  tlMMMtiidf  of  pooml*  for  lou 
fadlm  of  cmtlofi 

p  -16,000  -70l/r 

It 

•x. 

To  left  of  heavy 

exceed  las 
To  right  of  benvy 

fine^ 
Ime^ 

nee  of  1^  do  not 
lues  of  lyt  do  not 

1 

S 

exceed  iso 

Siw       JThickaoi 

Length  in  Feet                                                               | 

loclM* 

iBChM 

a 

4 

s 

6 

7 

8 

9 

10 

II 

la    • 

u   ;   M 

IS 

I»XI» 
lIXll 

a  Xa 
alxaj 
J  XJ 

jixjl 

4X4 

$  x$ 

«X« 

A 

t 
t 
t 

i 
1 

1 

1 

4 

5 
7 

7 
9 
11 

to 

II 

17 
at 

11 

a6 
5« 
35 

3« 
37 

s 

^0 

1 

4 
5 

, 

1 

4 

1          1 

5 
7 
8 

8 
II 
«3 

:i 

aa 

as 

a3 

a8 

3a 

a8 
34 
39 
44 

46 

1     *"i 

........     1 

:::::i::::: 

! 

s 

11 

ts 
18 

18 

aa 
as 

^3 

a7 

11 

to 

i 

5 

11 

\l 

18 
ai 

ai 

^1 

a6 
31 
35 
40 

4a 

49 
S^ 
6a 

54 

63 

ra 

$4 

1 
1 

• 

! 

9 
11 
la 
H 

1 

.     .  .  j 

! 

1 

» 

::;::i:::::'. .;:;!.:::: 

..*..!.... 

' 1  :::  1 

1 

18 

'     i 

16 

t9 
ai 

1 

1 

1 1 



1 

- 

ai 

tft 

ai 

' 

a4   ;   ai 

as       a4 
3a    '    a8 

«6  !  tt 

• 

ai 
a4 

a? 
30 

30       17 
35       31 
39   ■   35 
44       39 

a4 

a7 
31 
35 

t  'S 

45       4a       38 

^0       ^^       *l 

58  S3    ;    48 

51       48    '   45 

59  5^       5a 
6r   '   61       ?g 

*>    i   71       «» 

1    85    1   7«       73 

A     .  71      ^7 

1       '   «o       C7 

i          to  ■   ^ 
A         *>      85 
1         ^      05 

4a   '   39 
49       45 
55       5« 

.   6a       57 
-    68        63 

56 
4a 

47 

n 

53 
33 

45 
48 
53 

JO   •    17 
34       3« 
39       35 
45       39 
48       45 

niblel 

Ave  beoKslcalfttei 

d  aa  the  >— plJi 

mthm 

I  tkea^lekC^ 

TABLE '42 
ScEE  Laabs  of  SnULE  ANG1£  Sisois 

Ukbqval  Leg  Asclks 
Aananck's  Bbid^  CamatAsn  SzASBAaDs 


^ 


To  left  of  J 

OBoeed  12s 
To  msht  of  iiea.Ty  J 

I  ISO 


of  iTdoao 
of  Itdoi 


2  Xli 

3  X2 
:    Xzi 

5iX3 

4  >3 

5  X3i 
'-    X4 


1 

4 

I 

i 
i 


i 

i 

j 

i 

i 

I 
A 


II 

13 


ir 

IK 

21 

16 
20 
i4 

23 

';2 
36 

25 
30 
35 
39 

32 
39 
45 
50 

47 
55 
62 
70 
77 


10 

xc 
12 

I? 
It 

Jb 

H 

17 
21 


24 

2& 
32 

23 
27 
31 

35 

30 

35 
41 
4^ 


51 

65 
71 


Note:  The  values  in  this  tahkc  Ittve  1 
I  tened  by  both  ic«E.— M.  S.  K. 


L  calmialrri  en  the  ■■iiiiniliuii  ttamt  the  mofde  is  fao- 
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TABLE  43 

Sate  Loads  of  Two  Angle  Struts,  Axis  i-i 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


Safe  kMKb  in  thousands  of  pounds  with 
lopect  to  axis  i-i 

P"-z6/>oo  — 7ol/r 


Jf 


To  left  of  heavy  Hne  valoes  ofl/k-  do  i 

exceed  125 
To  right  of  heavy  line  values  of  1/r  do  1 

1  ISO 


Sbe 

of 

AngieB 


In. 


2  X2 
2iX2 

2iX2i 

3  X2 

3    X2i 

3  X3 
3iX2i 

3JX3 

3iX3i 
4X3 


In. 


A 

i 

A 

i 
i 

i 

i 

i 

! 

I 

A 


i 

I 


11 


In. 


25 

26 
19 

20 

52 

S3 
SS 

48 

•39 
•40 
41 
•42 
44 

.71 

.73 

:?^ 

.77 

.66 

.67 
.69 


.96 
.97 
99 


Lb. 


5.0  1,44 


64 
S.6 

74 

9.0  2< 


8.2 
10.02. 


2.38 
2.94 

346 


8.2 

10.6  2.94 
II.8 


9.02.62 
324 
3.84 


11.2 
13.2 

9.8 
12.2 

144 
16.6 

18.8 

9.8 
12.2 

\n 

18.8 

13.2 
15.8 
18.2 


7012046.00 

4.18 
4-96 

5-74 
6.50 

4.18 
4-96 


144 
17.0 
19.6 


60 
61 
63 
64 

.93 

94  17.01 


144 


22.2 
24.8 


^ 
r 


In.« 


1.88 

1.62 

2.12 

62 


2.38 
94 


2.88 
3.56 
4.22 
4.86 

550 
2.88 

3.56 
4.22 
4.86 
S.50 

4.60 
5.30 


19.65.74 


6.50 
7.24 


27.2I7.96 


16 
21 

19 

25 
32 

28 
35 

30 
37 
44 

33 
41 
48 

44 


38 
47 

72 
78 

t: 
74 
84 

& 

77 
87 
97 
107 


Length  in  Feet 


75 

61 

71 
81 

75 
85 
94 
104 


32 
40 
47 

55 
62 

35 
43 
51 
59 
67 

46 

i^ 

72 

49 

68 


82J79 
91  88 

'oo|97 


xs 


16 


x6     17 


i5    32 
40   37 


18 


i2j39 
47 


30 


M     S3     24 


25  23 

30  28 

35,32 
40.37 

45    42 

50*47 
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TABLE  ^.--Continued 

Safe  Loads  op  Two  Angle  Struts,  Axis  i-i 

Equal  Leg,  and  Unequal  Leg  wrre  Long  Leg  Tukned  Out 

American  Bridge  Coxpant  Standards 


wJ^ 

1 

vopecttoaxiai-x     *'^          * 
p  -x6jooo  -70l/r 

1 

-*     exceed  las  ^       ----.- 

To^it  ofheavy  line  vnluet  of  I/r  do  tt»C 

1 

i 

II 

II 

II 

Leoftli  in  Fleet 

la. 

In. 

In. 

Lb. 

i».« 

6 

7 

< 

9 

10 

zx  1  za 

13 

14 

z6 

x8 

90 

22 

24 

a6 

as 

30 

3a 

3436 

4X4 

<;xi 

t 
t 

1.80 
I.81 
1.83 
1.84 

2.47 

164 
19.6 
22.6 
25.6 

164 

4.80 

7.50 
4.80 

88 
99 

67 

61 

73 

II 

6s 

59 
70 
81 

93 

64 

57 
68 
78 
89 

62 

SI 

61 

72 
82 

59 

IS 
69 
79 

57 

48 

75 
56 

45 

n 

7» 

^4 

41 
49 

§ 

SI 

47 

45 
52 

28 
33 
39 
45 

34 

31 

28 

44 

41 

38 

A 

248 
249 
2.  SO 

19.6 
22.6 

2S.6 

7.^0 

80 

93 
104 

78 

I02 

76 

88 

100 

97 

72 
84 
9S 

70 
81 
92 

68 
79 
90 

66 
77 
87 

64 
11 

61 

71 
80 

II 

75 

70 

49 

45 

41 

1 

35 
42 
49 

37 
44 
50 

32 
38 
44 

33 
39 
45 

28 

34 
40 

5X3I 

t 

1.40 
2.40 
2^.1 

174 

2a8 
24.0 

6.10 
7.06 

71 
85 
98 

69 

'4 

68 
81 
93 

66 
79 
91 

89 

62 

60 
72 
84 

59 
70 
81 

II 
79 

74 

50 

46 
15 

42 
51 
59 

46 
54 

f 

243 

27.2 

8.00 

112 

109 

106 

103 

100 

98 

95 

92 

89 

84 

78 

73 

67 

§2 

S6 

SI 

4S 

JL 

244 

304 

8.94 

125 

122 

119 

"S 

112 

109 

105 

103 

100 

94 

88 

81 

7'; 

69 

63 

57 

51 

1 

».45 

33.6 

9.84 

137 

12 

131 

127 

124 

120 

"7 

"4 

no 

104 

97 

90 

83 

76 

70 

63 

S6 

¥ 

246 

36.6 

10.74 

150 

143 

139 

135 

132 128 

124 

121 

"4 

106 

99 

91 

84 

77 

70 

62 

248 

39.6 

11.62 

162 

158 

155 

151 

147 

143 

139 

135 

131 

123 

"5 

107 

99 

92 

84 

76 

68 

.. 

•  • 

6X3i 

f 

2.22 
2.23 
2.24 

2.95 

3*4 
i34 

7.22 
8,36 
9.50 

6.84 

99 
"5 
131 

98 

97 
112 

127 
96 

94 

109 

124 
94 

91 
105 
120 

92 

88 
102 
116 

90 

86 

99 

112 

88 

109 
86 

80 

106 
84 

77 
90 
102 

82 

72 
83 
95 

78 

66 

77 
88 

74 

61 

71 
81 

71 

ii 

74 
67 

1^ 

44 
52 
59 

•• 

52 

^9 

47 

M 

63 

59 

SS 

SI 

A 

2.96 

27X) 

7.94 

"4 

III 

109 

107 

105 

102 

100 

98 

96 

91 

87 

82 

78 

71 

68 

64 

60 

SS 

SO 

0 

1 

2.98 

30.6 
37.8 

9.00 

II.IO 

129 
159 

126 
156 

124 
»53 

121 
150 

119 
146 

116 
»43 

"4 
140 

III 
137 

108 
134 

\% 

98 

122 

93 
"5 

88 
109 

83 
103 

78 
97 

73 
91 

68 
84 

63 
78 

57 
72 

F 

6X4 

i 

2.87 

24.6 

7.22 

103 

lOI 

99 

97 

94 

92 

90 

88 

86 

82 

78 

73 

69 

65 

61 

5^ 

52 

48 

44 

, , 

^ 

2.88 

28.6 

8.36 

119 

"7 

"4 

112 

109 

107 

105 

102 

xoo 

95 

90 

85 

80 

7«> 

70 

6S 

61 

S6 

SI 

f6 

4 

2.90 

324 

9.50 

136 

133 

130 

127 

124 

122 

119 

116 

"3 

108 

102 

97 

91 

86 

80 

7S 

69 

64 

S8 

S3 

It 

2.91 

36.2 

10.62 

'P 

149 

161 

142 

139 

136 

133 

130 

127 

121 

"5 

109 

102 

96 

90 

84 

78 

72 

ss 

;9 

1 

2.92 

40.0 

11.72 

167 

164 

157 

'?^ 

151 

147 

144 

140 

134 

127 

120 

"3 

107 

100 

93 

86 

80 

n 

S6 

^ 

2.93 

43.6 

12.82 

183 

179 

176 

172 

169 

165 

161 

158 

"5^ 

147 

139 

131 

124 

116 

109 

102 

95 

87 

So 

72 

6X6 

2,62 

47.2 
29.8 

13.88 
8.72 

198 
123 

19s 
120 

191 
"7 

187 
"4 

183 
112 

179 
109 

175 
106 

171 
103 

167 
100 

159 
95 

151 
89 

143 
84 

135 
78 

127 
72 

119 

67 

III 

103 

95 

SO 

87 

79 

61 

S6 

A 

2.63 

344 

10.12 

'& 

139 

136 

133 

130 

126 

123 

120 

"7 

no 

104 

97 

91 

IS 

78 

72 

65 

S9 

i 

2.64 

39.2 

11.50 

159 

155 

151 

148 

^^ 

140 

136 

133 

126 

118 

III 

103 

89 

82 

74 

67 

A 

^•?f 

43.8 

12.86 

181 

177 

173 

169 

165 

161 

157 

153 

IS 

141 

132 

124 

116 

108 

IOC 

92 

84 

7S 

1 

2.66 

484 

14.22 

201 

196 

192 

187 

183 

178 

174 

169 

156 

147 

138 

129 

120 

III 

102 

93 

84 

. , 

? 

^'^u 

S3.0 

15.56:220 

215 

210 

205 

200 

195 

190 

186 

181 

'7! 

161 

151 

141 

132 

122 

112 

102 

92 

, , 

.. 

2.68 

574 

i6.88;239 

233 

228 

223 

218 

212 

207 

202 

196 

186 

»75 

164 

154 

143 

133 

122 

III 

lOI 

•• 

•• 

97 


TABLE  44 

Safe  Loads  of  Two  Angle  Struts,  Axis  2-2 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


f^ 

1 

1 

1 

To  left  of  heavy  line  values  of  1/r  do  not 

exceed  las 
To  right  of  heavy  Une  values  of  1/r  do  not 

exceed  150 

Safe  loads  in  thouaanda  of  pounds  witb 
respect  to  axis  a-2 

p-  z6.ooo~70  1/r 

1 

i 

Radius  of 
Gyration 

4 

i 

Length  in  Feet 

s« 

rt 

n 

ln.« 

In. 

In. 

Lb. 

In.« 

In. 

3 

4 

5 

^ 

7 

8 

I» 

zo 

zz 

la 

1-3 

- 

a"  X2"  Angles                                                                                  | 

.38 
.50 

.62 
.61 

.98 
.99 

1: 

1-44 
1.88 

t 

17 
22 

15 

20 

13 
17 

II 

15 

9 
12 

2*"  Xa"  Angles                                                                                 | 

40 

.60 
59 

.';8 

1.24 

5.6 

74 
9.0 

1.62 
2.12 
2.62 

t 

19 
25 
31 

17 
22 

27 

15 
19 
23 

12 
16 
19 

10 
13 
15 

2|"X2|"  Angles 

1 

.80 
.96 

.77 
.76 

I.I9 
1.20 

8.2 
10.0 

2.38 
2.94 

i 

30 

37 

28 
34 

25 
31 

22 

28 

20 
24 

J2_  «s 
21     18 

3"  Xa"  Angles 

1 

•74 

.57 

1.52 

I.S3 

8.2 
10.0 
11.8 

2.38 

1 

28 
34 
40 

24 
30 
35 

21 

25 
29 

17 
21 

24 

14 
17 
19 

3"X2r  Angles 

1 

.80 
X.16 

.75 
74 
.74 

IS 

1.48 

9.0 
11.2 
13.2 

2.62 

3.84 

1 

33 

IS 

30 
37 
44 

27 

33 
40 

24 
30 
35 

21 
26 
31 

18 
22 
27 

16 

19 
22 

..... 



3"  X3"  Angle. 

1 

X.16 

!:S 

1.90 
2.14 

.93 
.92 
.91 
.91 
.90 

1.39 
1.40 
141 
1.42 

144 

9.8 
12.2 

\ti 
18.8 

2.88 
3.56 
4.22 
4.86 
5.50 

i 

)« 

73 

36 
44 

67 

33 
41 
48 

li 

30 
37 
44 
50 
57 

28 
34 

46 
52 

25 

Is 
42 

47 

22 
28 
32 
37 
42 

20 

24 
29 

33 
37 

17 
21 

^1 

32 

.... 

31"  Xar  Angles 

1 

.82 
1. 00 
I.18 
1.36 
1.52 

•74 
.73 
.72 
.71 
.70 

1.71 
173 

'77 

9.8 

12.2 

\ii 

18.8 

2.88 
3.56 
4.22 
4.86 

1 

36 
45 

i\ 

68 

33 

48 

36 

43 
49 

55 

26 
32 
38 

8 

23 
28 

11 

42 

20 

24 
28 
32 
35 

17 
20 

23 

3*"  X3^  Angle. 

1 

1-44 
1.70 
1.96 
2.20 

.90 
.88 

1.66 

'•^ 
1.69 

1.70 

13.2   3-86 
15.8  4.60 
18.2   5.30 
20.i.   6.no 

1 

1; 

70 
79 

44 

67 

37 
44 

56 

33   j  29 
39  !  35 
45   1  40 

CO         AA. 

26 
31 
35 
39 

22 
26 

30 

33 

.    ... 

... 

... 

.        .. 

.... 

*  ^ 

1 

^^    1 

08 


TABLE  U.— Continued 

Safe  Loads  of  Two  Angle  Struts,  Axis  2-2 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


S.feIo«l.i>>tlK>ani>d..fpoai>d.«it]i>«-       ^ L     ■■«       ToJHrtof^teavy  line  value,  of  1/r  do  not 

■^  •"  r^  rt%oo  -  70  Wr                                   fig'             ^"^•^so^'^  line  value,  or  Vr  do  not 

1 

•§3 

Radius  of 
Gyiatkm 

ft 
ft 

^1 

! 

Length  in  Feet 

St 

r» 

ri 

In.* 

In. 

In. 

Lb. 

In.« 

In. 

3        4 

5       6 

7 

8 

9 

10 

zz 

Z2 

13    14 

15 

z6     Z7 

z8 

- 

3|"X3*"  Angles 

1.96 

It 

2.98 

1.08 
1,07 

1.06 

1.60 
I.61 
1.63 
1.64 

144 
17.0 
19.6 

22.2 

4.96 
6.50 

1 

II 
78 
89 

It 

li 
69 

78 

1 

73 

44 

IS 

68 

1 

38    .c 

31 

37 
42 
47 

28 

33 
38 
42 

25 
29 
33 
37 

44 
51 

58 

40 
47 
SI 

... 

... 

4"  X3"  Angle. 

M8 
1.98 

2.70 

.87 
.86 
.86 

.8c 

1.93 
1.94 

:a 

1.97 
1.99 

14.4 
17.0 
19.6 
22.2 
24.8 
27.2 

496 
6.50 

1 

il 

75 

85 

95 

104 

& 

70 

It 

96 

i 

88 

43 
51 

i 

66 

72 

35 

53 
64 

31 
37 

'57 

27 

40 

45 
49 

23 
27 

4"  X4"  Angle. 

2.58 
3.04 
3.50 

3-94 

1.24 
1.23 
1.23 
1.22 

1.80 
I.81 
1.83 
1.84 

16.4 

19.6 

22.6 

2S.6 

4.80 

S-72 
6.62 
7-50 

1 

67 

80 

92 

105 

64 
76 

88 
99 

61 
72 
83 
94 

79 
89 

13 

li 

70 
79 

74 

44 

l\ 

68 

41 

38 
45 
52 
58 

35 
41 
47 
53 

31 
37 
43 
48 

28 

38 
43 

.  . . 

.  . . 

5"  X3"  Angle. 

'•!2 
1.78 

2.04 

2.30 

.81 

248 
249 

2.CO 

,6.4 

19.6 

22.6 
2C.6 

4.80 

7.SO 

1 

63 
97 

79 
90 

73 
82 

48 

74 

44 

li 
67 

39    34 
46   40 

53   46 
59    52 

29 
34 
40 
44 

... 

... 

S"X3i"  Angle.                                                                                  | 

2.04 
2.42 
2.78 

It 

4.12 

4-44 

1,03 
1.02 
1. 01 
1. 01 
1. 00 

.99 

.98 

.08 

2.40 
2.40 
2.41 
2.43 

2-44 
2.48 

20.8 
24.0 
27.2 

^0.6 

5.12 
6.10 
7.06 
8.00 

8.94 
9.84 

10.74 
11.62 

1 

69 
83 
95 
108 
121 
132 

89 

lOI 

113 
124 

III 

61 
73 
84 
95 

116 
126 
116 

78 

88 
98 
107 

1^6 

1^ 
I? 

90 
99 

116 

48 

II 
75 
83 

106 

44 

68 

75 
82 

40 
47 

It 

68 

IS 

86 

36 
II 

66 

32 
37 
43 
48 

53 

II 

66 

S"XS"  Angle. 

4.84 
5.58 
6.30 

1.56 
I  55 
I-S4 

2.22 
223 
224 

24.6 
28.6 
3M 

7.22 
8.36 
9.50 

1 

104 
120 
136 

100 
116 
131 

96 
III 
126 

92 
107 
121 

88 
102 
116 

84   81 

98   93 
1111105 

77 

88 

100 

73 
84 
95 

69 
79 
90 

65 

1 

61 
70 
79 

II 

74 

1? 
69 

49 

46 
52 
59 

42 
48 
54 

99 


TABLE  U.— Continued 

Safe  Loads  of  Two  Angle  Struts,  Ajus  2-2 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


t 

T.^   1..^    ^J   Um^m^,    11..^   ».l..«>   .n^      1  /*  .1^   «^<* 

1 

Safe  loads  in  thousands  ol  pounds  with          ^i=rn»|p=.^E         '  ^'e^!^  125" ' '  ' "" 

"^'^^^l^^Jtl*     .^11-                                     jLw              To  right  of  heavy  line  values  of  1/r  do  not 
p  -  16,000  -  70  l/r                                      •y-'*                     exceed  150 

1 

0 

u 

Radius 

of 
Gyration 

^1 

J 

Length  in  Feet 

s« 

r« 

ri 

In.» 

In. 

In. 

Lb. 

In.s 

In. 

3|4 

S      6| 

7 

8 

9 

xo 

IX 

13 

13 

14 

16 

18 

19 

20  1   22      23I 

6"  X3r  Angles                                                                                  | 

2.46 
2.82 
3.18 
3.88 

•99 
.98 

.96 

'1 

2.98 
3.00 

*3-4 
17.0 
30.6 
J7.8 

6.84 

7-94 
9.00 
II. 10 

A 

92 
107 

121 

148 

86 
100 
113 
119 

80 

93 
105 
129 

II 

97 
119" 

69 

79 
89 

no! 

63 

11 
100 

74 
90 

51 
80 

46 

II 

71 

40 

45 

1; 

... 

6"  X4"  Anglo                                                                             1 

3.20 
4,62 
50i 

M7 
1.16 

i.iS 
1,14 
1.13 
I  13 

1,12 

2J7 
2.88 

2.90 

2,91 
2.92 

2.93 
2,94 

*4.6 

2S.6 

3M 

36.a 
40.0 

47.2 

7.22 
8.36 
9.50 

10.62 
11.72 

I2.S2 

100 
116 

131 

M7 

161 

177 
191 

95 
no 

124 

139 
167 

i8q 

90 
IQ4 

117 
iji 
144 

157 
170 

84 
97 
110 
113 
"35 
H% 
160 

79 
91 

103 

127 
138 
149 

74 

as 
96 
T07 

lis 

129 
139 

69 
79 
90 
100 
109 

119 

128 

64 
73 
8j 
92 
100 

no 
118 

67 
76 
84 

100 

S3 
61 

69 
76 
83 
91 
97 

43 

55 
62 

68 

74 
81 

87 

43 
49 

66 

71 
76 

.., 

■- 

-* 

t»xe^  Anik*                                                                                  1 

7.06 
8.14 
9.22 
10.28 
11.32 
12.34 
13.32 

1.88 
1.87 
1.86 
1.8s 

2.62 
2.63 

q 

29.8 

34.4 
39.2 

r. 

S3.0 
57-4 

8.72 
10.12 
11.50 
12.86 
14.22 
15.56 
16.88 

1 

128 

% 

188 
208 
228 

147 

124 

!S 

X82 
202 
220 
239 

120 

139 
158 

177 
I9S 
213 

231 

116 
135 
153 
171 
189 
206 
i24 

1x2 
130 

182 

199 

216 

108 
126 
142 

176 
208 

105 
121 
137 

i§ 

18s 
200 

lOI 

"7 
132 

:% 

193 

97 

112 
127 

IS 

X 

93 
107 
122 
136 

163 
177 

89 
103 

117 

130 

'*! 

HI 
137 

77 
89 

lOX 
112 

"4 

69 
80 

91 
lOI 
III 
120 
131 

66 

75 

85 

95 

104 

X13 

123 

62 

71 
80 

89 
106 

"5 

it 

70 

77 

85 

92 

100 

50 

71 
78 

100 


TABLE  45 

Safe  Loads  of  Two  Angle  Struts 

Equal  Leg,  and  Unequal  Leg  with  Short  Leg  Turned  Out 

American  Bridge  Company  Standards 


nadsfc 

ir  least 

1 

4        1 

1 

"1 

Safe  lottdf  in  thonwidt  of  po 
xadins  of  gyiatioa 

p  -  16.000  —  70 1 

1 

*o  left  of  heavy  line  valnes  of  1/r  do  mot 

ezoeed  125 
^0  right  of  heavy  Une  values  of  1/r  do  not 

exceed  150 

II 

Radios  or 
Gsmtioo 

i 

1 

Length  in  F^et 

St 

ri 

n 

In." 

In. 

In. 

Lb. 

In.« 

In. 

3 

4 

s 

.^1 

7 

sM 

10 

"1 

"1 

13 

- 

I*"  Xii"  Angles                                                                                | 

.21 

.27 

.78 
.79 

.46 

3-6 
4.8 

1.06 

1,38 

t 

II 
14 

9 
12 

7 
9 

2"Xir' Angle.                                                                                 1 

46 

.67 
.68 

.61 

4-2 
S.4 

1.20 
i.c6 

t 

14 
19 

13 
17 

II 

10 
12 

8 
10 

irxir  Angle 

1 

.28 
.38 

.88 
.89 

.54 

.53 

n 

1,24 
1.62 

t 

14 
18 

12 

16 

10 
n 

8 
II 

1 

1 
1 . . . . 

y'xy' Angle.                                                                             1 

.38 
.50 

.98 
.99 

.62 
.61 

ii 

1-44 
1.88 

t 

17 
22 

15 
20 

13 
17 

II 
I? 

9 

12 



.... 

arX2^Anglei 

1 

.92 
.94 
•95 

.78 

5,6 

7.4 
9.0 

1.62 
2,12 
2.62 

t 

21 
27 

33 

19 
25 
31 

17 
23 
28 

16 
20 

2«; 

14 
18 
22 

12 
16 
19 

10 
13 
17 

.... 

arxar  Angles                                                                              | 

.80 

.96 
I.14 

1.19 
1.20 
1.21 

.77 
.76 

.75 

8.2 

10.0 
II.8 

2.38 

30 

37 
44 

28 

34 
,  40 

25 

22 

28 

32 

20 

17 

15 
18 
21 

21 

i. .. . 

3"  Xa"  Angle. 

1 

1.08 
1.32 
1.56 

.89 
.90 
•91 

•95 
.95 
•94 

8.2 
10.0 
11.8 

2.38 

1 

31 
46 

36 
43 

27 
33 
39 

25 

22 

28 
33 

20 

^5 
30 

18 
22 
27 

16 
20 
23 

13 
17 
20 

rXar  Angles                                                                                 | 

1. 12 
1.38 
1.62 

1.13 
1.14 
1. 16 

.95 
.94 
.93 

9.0 
1 1.2 
13.2 

2.62 
3.84 

1 

35 
43 
51 

33 
40 

48 

30 
37 

44 

28 
34 

4i 

26 
32 

37 

^3 
29 
34 

21 
26 
30 

19 
23 
27 

16 

20 
23 

. .  • . 

.... 

3"  X3"  Angle.                                                                                  | 

1.16 

1.90 
2.14 

1.39 
1.40 
1.41 
1.42 
1.44 

.93 
.92 

.91 
.91 
■90 

9.8 
12.2 

\n 

18.8 

2.88 
3.56 
4.22 
4.86 
5.50 

1 

38 

73 

36 
44 

67 

33 

if 

30 
37 
44 
51 
57 

28 
34 

46 
5» 

25 

42 
47 

23 
28 
32 
37 
42 

20 

24 
29 

33 
37 

17 
21 
25 
28 
32 

101 


TABLE  AS.—CarUinued 

Safe  Loads  of  Two  Angle  Struts 

Short  Leg  Turned  Out 

American  Bridge  Company  Standards 


Safe  kxuls  in  thouaanda  of  pounds  for  least 
xadiiu  of  gyration 

p  —  Z6.O0O  —  70 1/r 


To  left  of  heavy  line  valnes  of  l/k*  do  not 

exceed  125 
To  right  of  heavy  line  values  of  1/r  do  not 
150 


Radius 

of 
Gyration 


Length  in  Feet 


In."     In.    In.    Lb.    In.>     In.     3   |  4      S      6   |  7      8      9     zo  |  11  |  za  |  13  {  Z4  |  I5  |  16  |  Z7  |i^!i9  aojii 

4"  X3"  Angles 


2.46 
2.92 
3.36 

3.78 
4.18 
4.60 


1.30 
1.31 
1.32 

1.33 
1.3- 
IV 


i.27li4-4   4-18 
1,26  17.0   4,96 


1.25 

1.25 
1.24 

1.23 


19.6 

22.2 
24.8 
27.2 


6.50 

7.96 


80 
91 

lOX 

III 


66  63 
76  73 
87I  82 
961  91 
106I100 


50 


39 
46 

60 
67 
73 


62 


34 
40 
46 
52 
571  52 


iZ. 


5^X3^An^ks 


1.22 
1.23 


3.78 

4.48        , 
5.16  1.24 
I.2S 
1.26 
1.28 


5.82 
646 


1.61 
1.61 
1.60 

1.59 
1.58 

LSI 


16.4 
19.6 
22.6 
25.6 
28.6 

lidL 


4.80 

5.72 
6.62 
7.50 
8.36 

_9.22 


67 

80 

92 

105 

117 
129 


64 
76 

88 
too 
ill 


60 
72 
83 

106 

"7 


57 
68 

79 
90 

too 

II 


n 

75 
85 
95 
105 


61 


31 

37 

43 

541  49 


56 


62L6i 


»7 
33 
39 
44 
50 

il 


ii 


5^X3rAn^ks 


3.88 
4-58 
5.28 
5.98 
6.64 
7.30 

7.94 
8.56 


146 
147 
1.49 
1.50 
I.51 
1.52 
1.53 


I.61 

I 

1.59 
1.58 

1.56 


174 

.60  20.8 

24.0 

27.2 

304 

36.6 
39.6 


5.12 
6.10 
7.06 
8.00 

8.94 
9.84 
10.74 
11.62 


73 
87 

lOI 

"4 

128 

141 

167 


70 
84 
97 
no 

136 
I. 


67 
80 

93 
105 
118 
130 
142 
154 


64 
77 
89 
Id 
113 
125 
136 
148 


61 
73 
85 
96 
108 
119 
130 
141 


58 
70 
81 
92 

103 

I 

124 

135 


II 
77 
87 
98 
14  108 
118 
128 


62 
73 
83 
93 
103 

"3 

122 


49 

1^ 

78 
88 

97 
107 
116 


46 

ii 

74 
83 
92 
101 
109 


43 

61 

69 
78 
86 

95 

103 


37 
45 

12 

68 
75 
83 


34 
41 
48 

63 
70 

77 


3IJ28I. 
38  34'- 
44  40|. 

58  531- 
6459'. 
71  65159  -  • 
77»7i.65\. 


6^  X3r  Angles 


1.39 


6.50 

7.50  »-40 
848  141 
944l-4a 


ia38 

11.30  145 
1220 


M3 
146 


1.94 
1.93 
1.92 
1.91 
190 

i.r 
I 


8941 


234 
27.0 
30.6 

34-2 
37.8 
.2 


8944.8 


6.84 

7.94 
9.C0 
10.06 
11.10 
12.12 
1312 


97  93 


"3 
128 

»43 

158 

173 
187 


108 
123 
137 

III 

180 


89 

103 

"7 
131 
HS 
159 


85 
98 
112 
125 
138 

165 


81 

94 
106 

119 
132 
145 

157 


76 
89 

lOI 

"3 
125 

138 


72 
84 
96 
107 
119 
131 
i4i 


68 

79 
90 
102 
112 
124 

Hi 


64 

74 

II 

106 
117 
"1 


60 
70 
80 
90 
99 
no 
119 


56 
74  69 


84 
93 
103 
112 


78 


96 


86LSfi 


89 

97 


67 
75 
82 


6^X4"  Angles 


6.64  1.62 

7.66  1.63 

8.66  1.65 

9.6^166 

ia62  1.67 

11.56 1.68 

12.50 1.70 


1.93 
1.92 
1^1 
1.90 


1.88 


24.6 
28.6 

36.2 


1.9040.0 
1.8943.6 


.47-2 


7.22 
8.36 
9.50 
10.62 
11.72 
12.82 
13.88 


104 
121 
138 

154 
170 
186 
202 


lOI 

117 
t33 

X 

179 
195 


97 
112 

128 

143 
158 

173 
188 


93 

108 
123 
138 

167 
18 


89 
104 

118 

\t 

174 


86 
99 

"3 
127 

^6|i40 
154 
167 


82 

95 
109 
122 
134 


78 
9« 
104 


129 


;g 


71 141 


74  71 

86  82 


99 


116111 


123 
»35 


94 
105 

"7 
128 


74I  69 
79 


99 

.  109 
I53!i47»i40|i33ii26:ii9 


63 


67 

78 

89 
100  95 
III  105 

i22;ii5 


59 


65 

75 

84 

93 

103 

112 


10599 


^5 
79  73 
8781 


96I90I83 


45:41 
52:48 
6055 


68 


62 


7670 


nill 


77,7» 
85^78 
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TABLE  46 
Properties  and  Elements  of  Z  Bars 


4 

1 

In. 

1 

la. 

Actual  Siae 

1 

Lb. 

1 

Sq.In. 

Momenta  of 
Inertia.  I 

Radii  of  Gyration,  r 

1 

c 

In. 

^1 

1 

In. 

In. 

1 

In. 

In. 

Inches* 

Inches 

Neutral  Axis 
Through  Center  of 
Gravity  Perpen- 
dicular to  Web 

Neutral  Axis 
Through  Center 
of  Gravity  Coin- 
cident with  Web 

Neutral  Axis 
Through  Center  of 
Gravity  Perpen- 
dicular to  W^ 

Neutral  Axis 
Through  Center 
of  Gravity  Coin- 
cident with  Web 

1 

6 

1 

1S.6 
18.3 

21.0 

4.59 
6.19 

25.32 
29.80 
34-36 

9.1 1 
10.95 
12.87 

2.35 

2.35 
2.36 

1.41 
1.43 
1.44 

0.83 
0.83 
0.84 

2l 

6 

I 

6 

1 

12.7 

6.68 
746 
8.25 

34.64 
38.86 
43.18 

12.59 
16.34 

2.28 
2.28 
2.29 

1.37 
1.39 
1.41 

0.81 
0.82 
0.84 

*i 

6 

\ 

6 

9 

'1^ 

31 

29.J 
31.0 

34-6 

8.63 

9,40 

10.17 

42.12 
46.13 
50.22 

154^ 
17.27 
19.18 

2.21 
2.22 
2.22 

1.36 
1.37 

0.81 
0.82 
0.83 

2i 

k 

31 

1 1.6 

3.40 
4.10 
4.81 

16.18 
19.07 

6.18 
7.65 
9.20 

1.98 
1.99 
1.99 

1.3s 
1.37 
138 

0.76 
0,77 

>i 

5 

1 

if 

1^ 

17.9 
20.2 

22.6 

5.25 

1:1} 

19.19 
21.83 
24.53 

9.05 
10.51 
12.06 

1.91 
1.91 
1,92 

1.31 
1.33 
1-35 

0.74 
0.76 

.i 

5 

I 

if 

11^ 

23.7 
26.0 
28.3 

6.96 
7.64 
8.33 

23.68 
26.16 
28.70 

11.37 
12.83 
14.36 

1.84 

1.28 
1.30 
I.J  I 

0.73 
0.76 

2i 

\ 

If 

it 

8.2 

10.3 
12.4 

2.41 
IS 

6.28 

7.94 
9.63 

6.77 

1.62 
1.62 
1.62 

1.33 

0.67 
0.68 
0.69 

2 

4 

I 

If 

3A 

13.8 

15.8 
17.9 

527 

9.66 
II. 18 
12.74 

9.26 

1.55 
1.55 
1.5s 

1.29 
1.31 
1.33 

0.66 
0.67 

0.68 

2 

4 

f 

!f 

't 

3A 

18.9 
20.9 

23.0 

6.14 
^7% 

12.11 

13.52 
14.97 

8.73 
9-95 
11.24 

148 
1.48 
1.49 

I.2S 
1.27 
1.29 

0.66 
0.67 
0.68 

2 

i 

k 

'f 

6.7 
8.4 

2.48 

2.87 
3.64 

2.81 
3.64 

1.21 
I.2I 

1.19 
1.21 

0.56 

I| 

3 

i 

1* 

f 

9.7 
II.4 

2.86 
3.36 

3.85 
4.57 

3.92 

4.7s 

1.16 

1.17 

1.17 
I.I9 

0.54 
0.55 

I| 

3 

A 

k 

«p 

12.5 
14.2 

3.69 
4.18 

S:S 

4.85 
5.70 

1.12 
1.12 

1.15 
I.I7 

0.53 
0.54 

If 
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TABLE  47. 
Elements  of  Carnegie  Equal  Tees. 


J 

] 

L~. 

! 

N 

11 

1 

Sbe. 

Wdght 
per  Foot. 

As«a 
of 

Sec- 
tion. 

Axis 

l-l. 

Axiss-a. 

Ftante. 

stem. 

Min.  ThickneM. 

I 

r 

S 

X 

I 

r 

S 

Fiance. 

Stem. 

la. 

In. 

In. 

In. 

Lb. 

In.« 

In.* 

In. 

In.« 

In. 

In.* 

In. 

In." 

4 

4 

i 

i 

I3S 

3-97 

5-7 

1.20 

2.0 

1. 18 

2.8 

0.84 

M 

4 

4 

i 

i 

10.5 

309 

4.5 

I.2I 

1.6 

I.13 

2.1 

0.83 

I.I 

3i 

3l 

i 

i 

II.7 

3.44 

3.7 

1.04 

1-5 

I.OS 

1.9 

0.74 

I.I 

3i 

3i 

i 

i 

9.2 

2.68 

30 

I.OS 

1.2 

1. 01 

1.4 

0.73 

0.81 

i 

3 

i 

i 

9.9 

2.91 

2.3 

0.88 

I.I 

0.93 

1.2 

0.64 

0.80 

3 

3 

A 

A 

8.9 

2.59 

2.1 

0.89 

0.98 

0.91 

1.0 

0.63 

0.70 

3 

3 

i 

i 

7.8 

2.27 

1.8 

0.90 

0.86 

0.88 

0.90 

0.63 

0.60 

3 

3 

A 

A 

6.7 

1.9s 

1.6 

0.90 

0.74 

0.86 

975 

0.62 

0.50 

2i 

»i 

i 

1 

6.4 

1.87 

1.0 

0.74 

0.59 

0.76 

0.52 

0.53 

042 

ti 

ai 

A 

A 

5.5 

1.60 

0.88 

0.74 

0.50 

0.74 

0.44 

0.52 

0-3S 

*l 

»1 

A 

A 

4-9 

1-43 

0.65 

0.67 

041 

0.68 

0.33 

0.48 

0.29 

2l 

»l 

i 

I 

41 

1.19 

0.52 

0.66 

0.32 

0.6s 

0.25 

0.46 

0.22 

3 

3 

A 

A 

4-3 

1.26 

044 

0.59 

0.31 

0.61 

0.23 

0.43 

0.23 

2 

2 

i 

i 

3.56 

1.05 

0.37 

0.59 

0.26 

0.59 

0.18 

0.42 

0.18 

1} 

li 

i 

I 

3.09 

0.91 

0.23 

0.51 

0.19 

0.54 

0.12 

0.37 

0.14 

>i 

Ij 

i 

J 

1.47 

073 

0,15 

0.45 

0.14 

0.47 

0.08 

0.32 

0.10 

li 

li 

A 

A 

1.94 

0.57 

O.II 

045 

0.1 1 

044 

0.06 

0.32 

0.08 

il 

li 

J 

i 

2.02 

0.59 

0.08 

0.37 

0.10 

040 

0.05 

0.28 

0.07 

il 

li 

A 

A 

1-59 

0.47 

0.06 

0.37 

0.07 

0.38 

0.03 

0.27 

0.05 

I 

I 

A 

A 

1.25 

0,37 

OJO$ 

0.29 

0.05 

0.32 

0.02 

0.22 

0x34 

I 

I 

i 

i 

0.89 

0.26 

0.02 

0.30 

0.03 

0.29 

0.01 

0.21 

0.02 
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TABLE  48. 
Elements  of  Carnegie  Unequal  Tees. 


'" 

ID 

V 

1 

>i  r- 

1— ^ 

^ 

1 

• 

Size. 

Weight 
Foot. 

Ana 

of 

Ajdfl 

i-i. 

Axis  2-2. 

• 

Minimum 

Section 

Fiance. 

Stem. 

Thiclcness. 

Section. 

I 

r 

S 

X 

I 

r 

S 

UKICK. 

Flange. 

Stem. 

In. 

In. 

In. 

In. 

Lb. 

In.« 

In.« 

In. 

In.» 

In. 

In.* 

In. 

In.« 

T  so 

3, 

1 

2 

» 

13.4 

3-93 

2.4 

0.78 

I.I 

0.73 

S-4 

1.17 

2.2 

T  SI 

^t 

1 

ft 

10.9 

3.18 

IS 

0.68 

0.78 

0.63 

4.1 

1. 14 

1.6 

T  S> 

3} 

iV 

157 

4.60 

SI 

1.05 

2.1 

I. II 

37 

0.90 

17 

T  S4 

3 

1 

4 

9.8 

2.88 

2.1 

0.84 

0.91 

074 

3.0 

1.02 

1.3 

T  S3 

4 

3, 

iV 

8.4 

2.46 

1.8 

0.85 

0.78 

0.71 

2.5 

1. 01 

I.I 

T  s6 

4 

2- 

11 

1  r 

9.2 

2.68 

1.2 

0.67 

0.63 

0.59 

3.0 

1.05 

1-3 

I  55 

2'^ 

7.8 

2.29 

I.O 

0.68 

0-54 

0.57 

2.5 

1.05 

I.I 

I' 57 

5 

,    1 

15.3 

4.50 

10.8 

1.55 

3-1 

1.56 

2.8 

079 

1.4 

I  58 

5 

■ 

11.9 

3.49 

8.5 

1.56 

2.4 

I.5I 

2.1 

0.78 

I.X 

I  59 

4 

14.4 

4.23 

l^ 

1-37 

2.5 

1.37 

2.8 

0.81 

1.4 

T  6o 

4i 

11.2 

3.29 

6.3 

1.39 

2.0 

I.31 

2.1 

0.80 

I.I 

T  6i 

.   3 

1  [ 

9.2 

2.68 

2.0 

0.86 

0.90 

0.78 

2.1 

0.89 

I.I 

T  44 

3 

1  r 

7.8 

2.29 

17 

0.87 

077 

0.75 

1.8 

0.88 

0.88 

T  62 

2 
2 

1 

„ 

8.5 

2.48 

1.2 

0.69 

0.62 

0.62 

2.1 

0.92 

1.0 

T  63 

A 

7.2 

2.12 

1.0 

0.69 

0.53 

0.60 

1.8 

0.91 

0.88 

If* 

2 

A 

T  r 

7.8 

2.27 

0.60 

0.52 

0.40 

0.48 

2.1 

0.96 

I.I 

T  6s 

2 

6.7 

1-95 

0.53 

0.52 

0.34 

0.46 

1.8 

0.95 

0.88 

T  66 

3 

4 

12.6 

3.70 

ss 

1.21 

2.0 

1.24 

1-9 

0.72 

I.I 

T  67 

4 

9.8 

2.88 

4.3 

1.23 

i-S 

1. 19 

1-4 

0.70 

0.81 

T  69 

3 

10.8 

3.17 

2.4 

0.87 

I.I 

0.88 

1.9 

0.77 

I.I 

T  70 

3 

8.5 

2.48 

1.9 

0.88 

0.89 

0.83- 

1.4 

075 

0.81 

I  7' 

3 

1 

[ 

7.5 

2.20 

1.8 

0.91 

0.85 

0.85 

1.2 

074 

0.68 

I  7* 

4 

i 

■ 

11.7 

3.44 

S.2 

1.23 

1-9 

1.32 

•  1.2 

0.59 

0.81 

J  73 

4 

A 

M 

10.5 

3.06 

47 

1.23 

17 

1.29 

I.I 

0.59 

0.70 

I  74 

4 

i 

9.2 

2.68 

41 

1.24 

1.5 

1.27 

0.90 

0.58 

0.60 

T  75 

3^ 

J 

1 

10.8 

317 

3.S 

1.06 

1-5 

1. 12 

1.2 

0.62 

0.80 

I  76 

3 

^  r 

97 

2.83 

3.2 

1.06 

1-3 

1. 10 

1.0 

0.60 

0.69 

I  77 

3 

1 

1 

8.5 

2.48 

2.8 

1.07 

1.2 

1.07 

0.93 

0.61 

0.62 

I  78 

2 

n 

1 

7.1 

2.07 

I.I 

0.72 

0.60 

0.71 

0.89 

0.66 

0.59 

I  79 

2} 

A 

A 

6.1 

177 

0.94 

0.73 

0.52 

0.68 

075 

0.65 

0.50 

I  3' 

2} 

1 

1 

i 

5.0 

147 

0.78 

0.73 

0.43 

0.66 

0.61 

0.64 

0.40 

T  8j 

3 

1 

7.1 

2.07 

17 

0.91 

0.84 

0.95 

0.53 

0.51 

0.42 

T  83 

3 

A 

A 

6.1 

177 

1-5 

0.92 

0.72 

0.92 

0.44 

0.50 

0.35 

T  86 

li 

A 

A 

2.87 

0.84 

0.08 

0.31 

0.09 

0.32 

0.29 

0.58 

0.23 

T  87 

li 

,1 

i 

3.09 

0.91 

0.16 

0.42 

0.15 

0.42 

0.18 

0.45 

0.18 

I519 

1} 

2 

2.45 

0.72 

0.27 

0.61 

0.19 

0.63 

0.06 

0.92 

0.08 

T605 

l| 

1 

t 

1 

1.25 

0.37 

0.05 

0.37 

0.05 

0.33 

0.04 

0.32 

0.05 

T603 

'* 

No.  9 

* 

0.88 

0.26 

o.ox 

0.16 

O.OI 

0.16 

0.02 

0.31 

0.04 

46 
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TABLE  49. 
Elements  of  A.  S.  C.  E.  and  Light  Rails. 


• — ♦ — * 

CiJ 

Vy- 

I 

f 

>  -L 

...L..V 

-LUX..*.- 

L 

1* * -H 

Section 
Index. 

Wright 
,  Yaitl. 

Ana 

of 

Section. 

Dimenaknu. 

Asia 

I-I. 

a 

b 

c 

d 

e 

1 

g 

h 

I 

r 

S 

X 

Pounds. 

In.« 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In.« 

In. 

In.« 

In. 

iioA 

no 

10.80 

6t 

6i 

li 

iH 

3H 

I 

H 

2tt 

55* 

2.26 

17.2 

2.92 

looA 

100 

9.84 

Si 

$1 

»! 

iH 

3ft 

tt 

A 

lAfV 

44.0 

2.II 

14.6 

».73 

95A 

95 

9.»8 

5ft 

Sft 

»H 

Ift 

aH 

ii 

A 

2tW 

38.8 

2.0s 

13.3 

2.6s 

90A 

90 

8.83 

5l 

5l 

i| 

iH 

aH 

« 

A 

^M 

34-4 

1.97 

12.2 

2.55 

8sA 

8s 

8.33 

Sft 

Sft 

«ft 

iH 

a| 

ti 

A 

lii 

30.1 

1.90 

11. 1 

247 

80A 

80 

7.86 

5 

5 

.*§ 

i| 

ai 

i 

tt 

lA 

26.; 

1.83 

10. 1 

2.38 

75A 

75 

7-33 

4« 

4H 

2H 

iH 

aH 

H 

H 

2t* 

22.9 

1.77 

9.1 

2.30 

70A 

70 

6.81 

4l 

4i 

aft 

iH 

att 

tt 

« 

2A 

197 

1.70. 

8.2 

2.22 

65A 

65 

6-33 

4ft 

4ft 

*H 

Ift 

ai 

H 

} 

Itt 

16.9 

1.63 

7.4 

2,14 

60A 

60 

5-93 

4i 

4i 

a| 

Ift 

att 

tt 

H 

iHI 

14.6 

1.57 

6.6 

2.05 

55A 

55 

538 

4ft 

4ft 

ai 

iH 

aii 

tt 

tt 

ilH 

12.0 

1.50 

5.7 

1.97 

50A 

50 

4.87 

3l 

3i 

ai 

li 

aft 

tt 

A 

Itt 

9.9 

143 

50 

1.88 

45A 

45 

4;40 

3tt 

3H 

2 

Ift 

iH 

tt 

tt 

Itt 

8.1 

1.36 

4.3 

1.78 

40A 

40 

J-94 

3i 

3i 

If 

Ift 

Itt 

i 

tt 

lAV 

6.6 

1.29 

3.6 

1.68 

35A 

35 

3-44 

3ft 

3ft 

1} 

H 

Itt 

tt 

a 

Itt 

5.2 

1.23 

3.0 

1.60 

30A 

30 

3.00 

3i 

3i 

itt 

{ 

Itt 

tt 

tt 

Itt 

4.1 

I.16 

2-5 

1.52 

25A 

2S 

2.39 

»l 

«i 

li 

H 

Itt 

tt 

tt 

lAV 

2-S 

1.02 

1.8 

133 

20A 

20 

2.00 

»l 

at 

•H 

H 

Itt 

ft 

i 

Itt 

1-9 

0.99 

1.4 

1.27 

16A 

16 

i-SS 

»l 

»l 

iH 

li 

Itt 

i 

A 

irh 

1.2 

0.89 

I.O 

1.15 

14A 

H 

1-34 

»ft 

«ft 

Ift 

1 

Ift 

tt 

i 

tt 

0.76 

0.7s 

0.73 

1.02 

12A 

12 

1.18 

2 

2 

I 

ft 

Ift 

tt 

A 

tt 

0.66 

0.75 

0.63 

0.96 

loA 

10 

0.96 

i! 

1} 

U 

H 

H 

tt 

A 

tt 

040 

0.65 

0.46 

0.87 

8A 

8 

0.77 

ift 

Ift 

H 

H 

tt 

A 

A 

H 

0.26 

0.58 

0.32 

0.7s 
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TABLE  50. 
Elbments  of  Caknegib  Bulb  Bbams. 


2 

CD 

. 

1~"" 

I' 

2 

Depth 

of 
Beam. 

Wt, 

Area 
of 

Sec- 
tion. 

Width 

of 
Fiance. 

Thick- 
ness 
of 
Web. 

Axis 

i-i. 

Axis 

»-2, 

I 

r 

s 

X 

I 

r 

S 

y 

la. 

Lb. 

In.« 

In. 

In. 

In.« 

In. 

In." 

In. 

In.* 

In. 

In.» 

In. 

lO 

36.6 

10.62 

5.500 

0.625 

140.4 

3.64 

25.3 

4-45 

7.6 

0.84 

2.8 

2.75 

lO 

28.1 

8.12 

S.250 

0375 

118.6 

3.82 

20.7 

4.28 

6.3 

0.88 

2.4 

2.63 

9 

30.1 

8.83 

S.125 

0.563 

95.8 

3.29 

19.4 
16.6 

4.06 

n 

0.78 

2.1 

2.56 

9 

H-3 

71S 

4.938 

0.375 

84.0 

3-43 

3.95 

0.80 

1.9 

2.47 

8 

24.2 

^i! 

5.156 

0.469 

62.8 

2.97 

14. 1 

3.54 

45 

0.79 

1-7 

2.58 

8 

20.0 

5-S^ 

5.000 

0.313 

55.6 

3.08 

12.2 

3.43 

3.9 

0.82 

1.6 

2.50 

7 

23.3 

6.8s 

5.094 

0.531 

45-5 

2.57 

II.7 

3. II 

4.3 

0.79 

.  1.7 

2.55 

7 

18.1 

5.32 

4.875 

0.313 

38.8 

2.70 

9-7 

2.98 

3.6 

0.82 

1.5 

2.44 

6 

17.2 

5.00 

4.524 

0.430 

24.4 

2.20 

7.2 

2.61 

2.7 

0.73 

1.2 

2.i6 

6 

14.0 

4" 

4-^75 

0.281 

21.6    2.28    1 

6.1 

2.46 

2.2 

Q7^ 

I.O 

^•'9 

TABLE  Si, 
Elements  of  Carnegie  Bulb  Angles. 


1 

1 — »■' 

* 

S — h 

Depth 

Wt. 

Area 

Width 

Thick- 

Axis 

i-i. 

Axis 

a-a. 

of 
Beam. 

1^ 

of 
Sec- 
tion. 

of 
Flange. 

ness 

of 

Web. 

I 

T 

s 

X 

I 

r 

S 

y 

In. 

Lb. 

In.s 

In. 

In. 

In.* 

In. 

In.« 

In. 

In.* 

In. 

In.s 

In. 

10 

32.0 

9.41 

3.500 

0.625 

I16.O 

3.51 

21.6 

4.62 

6.2 

0.82 

2.3 

0.77 

10 

26.6 

7.80 

3.500 

0.484 

104.2 

3.66 

19.9 

4-75 

5.0 

0.80 

1.8 

0.72 

9 

21.8 

6.41 

3.500 

0.438 

69.3 

3.33 

14.5 

4.21 

4.3 

0.82 

1.5 

0.72 

8 

19.3 

5.66 

3.500 

0.406 

48.8 

2.95 

II.7 

3.83 

3.7 

0.81 

1.3 

0.71 

7 

20.0 

5.81 

3.000 

0.500 

36.6 

2.51 

lO.O 

3.34 
3.36 

2.9 

0.71 

1.3 

0.70 

7 

18.3 

5-37 

3.000 

0.438 

34.9 

2.56 

9.6 

2.6 

0.69 

I.I 

0.68 

7 

16.1 

4.71 

3.000 

0.344 

32.2 

2.61 

8.7 

3.30 

2.7 

0.76 

1.2 

0.72 

6 

17.3 

5.06 

3.000 

0.500 

23.9 

2.16 

7.6 

2.84 

2.5 

0.70 

I.I 

0.71 

6 

15.0 

4.38 

3.000 

0.406 

21. 1 

2.19 

6.7 

2.84 

2.3 

0.72 

1.0 

0.69 

6 

13.8 

4.04 

3.000 

0.375 

20.1 

2.21 

6.6 

2.96 

1.9 

0.69 

0.82 

0.65 

6 

12.4 

3.62 

3.000 

0.313 

18.6 

2.28 

5.7 

2.71 

1.8 

0.70 

0.75 

0.64 

5 

lO.O 

2.94 

2.500 

0.313 

10.2 

1.86 

4.1 

2.49 

0.95 

0.57 

0.49 

0.57 

4 

14.3 

^•*I 

3.500 

0.500 

8.7 

1.44 

3.7 

1.65 

3.9 

0.96 

1.5 

0.99 

4 

U.Q 

.1-^« 

1.S0O 

o.^7«; 

7-9 

i.qo 

-J-S 

>:7Z- 

-Li- 

0-94 

1.2 

0.04 
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Elements 

TABLE  52. 
OF  Carnegie  H  Beams. 

!! 

¥ 

:[ 

Depth 

of 
Beam. 

wt. 

Area 
of 

Sec- 
Uon. 

Width 

of 
Fiance. 

Thick- 
neat 
of 
Web. 

Axisz-x. 

Aadt9-s 

I 

r 

s 

I 

r 

s 

In. 

Lb. 

In.« 

In. 

In. 

In.« 

In. 

In.* 

In.« 

In. 

In.> 

8 
6 

5 

34.0 
23.8 

10.00 
7.00 
5-SO 
4.00 

8.0 
6.0 

50 

4.0 

■375 
.313 
.313 
.111 

1x5.4 

23.8 
10.7 

340 

2.S4 
2.08 

1.63 

28.9 
15.0 

351 
14.7 

1.87 

MS 
1.20 
ooc 

8.8 
4.9 
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TABLE  53. 
Caknegie  Trough  Plates. 


,t> 

r 

(,; 

J^ 

=^ 

~\ 

f  '^ 

r 

V 

t  ■ 

--^-4--«-4- 

Elements  of  Trough  Plates. 

Single  Section. 

RiveteQ  Section. 

Section 
Index. 

Size. 
Indies. 

Weight 
per  Foot, 
Pounds. 

Indies. 

d. 
Indies. 

Weight  per 

Square  Foot, 

Pounds. 

Section 
Modulus.  One 
Foot  Width. 

Inches'. 

M14 

9iX3i 

23.2 

8 

6i 

34.8 

15.58 

M13 

9iX3} 

21.4 

8 

61 

32.1 

14.28 

M12 

9iX3i 

19.7 

8 

6i 

29.6 

13.00 

Mil 

9iX3i 

18.0 

8 

6i 

27.0 

11.79 

Mio 

9iX3f 

16.3 

8 

6 

24-5 

10.69 

Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 

Feet. 

Fiber  Stress.  16.000  Lbs.  per  Sq.  In. 

Fiber  Stress,  z 3,000  Lbs.  per  Sq.  In. 

M14 

M13 

Mia 

Mix 

M  zo 

M14 

MI3 

Mia 

M  XI 

M  10 

5 

6647 

6093 

5547 

5030 

4561 

4986 

4570 

4160 

3773 

3421 

6 

4616 

4231 

3852 

3493 

3167 

3462 

3173 

2889 

2620 

2376 

7 

3392 

3109 

2830 

2567 

2327 

2543 

2331 

2124 

1925 

1745 

8 

2597 

2380 

2167 

1965 

1782 

1948 

1785 

1625 

1474 

1336 

9 

2052 

1880 

1712 

1553 

1408 

153? 

I4I0 

1284 

1 164 

1058 

10 

1662 

1523 

1387 

1258 

1 140 

1246 

1 142 

1040 

943 

855 

II 

1373 

1259 

1146 

1039 

942 

1030 

944 

860 

780 

707 

12 

"54 

1058 

963 

873 

792 

866 

703 

722 

65s 

fS 

13 

983 

901 

821 

744 

675 

738 

676 

61S 

558 

14 

848 

777 

707 

642 

582 

636 

583 

531 

481 

436 

IS 

739 

677 

616 

559 

507 

554 

509 

462 

419 

381 

16 

649 

595 

542 

491 

445 

487 

446 

406 

368 

^?i 

17 

575 

527 

480 

435 

395 

^V' 

395 

360 

328 

296 

18 

513 

470 

428 

388 

352 

385 

353 

321 

291 

264 

19 

460 

422 

384 

349 

316 

345 

316 

288 

261 

237 

20 

415 

381 

347 

314 

285 

312 

286 

260 

236 

214 

The 

values  given  in  above  tables  are  the  safe  loads  per  sauare  foot  of  floor  surface  and  are 
on  the  average  resistance  of  the  riveted  portion  within  aistance  a. 

based  up 

The 

weight  of  the  plates  are  included  in  the  safe  loads  and  must  be  deducted  to  obtain  the 

net  supei 

[imposed  safe  load. 

Safe 

loads  for  other  fiber  stresses  than  those  given  in  table  may  be  obtained  from  the  values 

given  by 

direct  proportion  of  the  fiber  stresses. 

The 

weight  per  square  foot  does  not  include  the  weight  of  rivet  heads  or  other  dctaik. 
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TABLE  54. 
Carnegie  Corrugated  Plates. 


''"'Mi^^^'^^^^H* 

Jf 

"=% 

4d 

\J 

^=^ 

a 

i^ 

^ 

L.              ,-             ^1. 

Elements  of  Corrugated  Plates. 

Single  Section. 

Riveted  Section. 

Section 
Index. 

Size. 
Inches. 

Weight  per 
Pounds. 

In^ 

d. 
Inche*. 

Weight  per 

Square  Foot, 

Pounds. 

Section 
Modulus. 
One  Foot 

Width. 

Inches*. 

.M35 

12A  X  2i 

23.7 

I2A 

A 

23.3 

4-39 

M34 

12A  X  2H 

20.8 

l»A 

«H 

20.4 

3.84 

M33 

12A  X  2i 

17.8 

"A 

»l 

17-5 

3.28 

M32 

8i    Xlf 

12.0 

8f 

If 

16.S 

1.95 

M3I 

8f    XiA 

10. 1 

8i 

lA 

13.8 

155 

M30 

8i    XlJ 

8.1 

8i 

li 

1 1.5 

1. 10 

Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 

Feet. 

Fiber  Stress.  z6.ooo  lb.  per  sq.  in. 

Fiber  Stress,  la.ooo  lb.  per  sq.  in. 

M35 

M34 

M33 

M32 

M31 

M3O 

M35 

M34 

M33 

M39 

M31 

M30 

5 

1873 

1638 

1400 

832 

661 

469 

1405 

1229 

1050 

624 

496 

352 

6 

1301 

II38 

972 

578 

459 

326 

976 

853 

729 

433 

S44 

244 

7 

956 

836 

714 

425 

337 

240 

717 

627 

536 

318 

253 

180 

8 

73* 

640 

547 

32s 

258 

183 

549 

480 

410 

244 

194 

138 

9 

578 

506 

432 

257 

204 

145 

434 

379 

324 

193 

153 

109 

10 

468 

410 

350 

208 

165 

117 

351 

307 

262 

156 

124 

88 

II 

387 

339 

289 

172 

137 

97 

290 

255 

217 

129 

103 

73 

12 

325 

284 

243 

144 

"5 

82 

244 

213 

182 

108 

86 

61 

13 

277 

242 

207 

123 

98 

69 

208 

182 

155 

92 

73 

52 

14 

239 

209 

179 

106 

84 

60 

179 

157 

134 

80 

63 

45 

15 

208 

182 

156 

92 

74 

52 

156 

137 

"7 

69 

51 

39 

The  values  given  in  above  tables  are  the  safe  loads  per  sauare  foot  of  floor  surface  and  are 
based  upon  the  average  resisunce  of  the  riveted  portion  within  disunce  a. 

The  weight  of  the  plates  are  included  in  the  safe  loads  and  must  be  deducted  to  obtain  the 
net  superimposed  safe  load. 

Safe  loads  for  other  fiber  stresses  than  those  given  in  table  may  be  obtained  from  the  values 
given  by  direct  proportion  of  the  fiber  stresses. 

The  weight  per  square  foot  does  not  include  the  weight  of  splice  bars,  rivet  heads  or  other  details. 
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TABLE  55. 

Buckle  Plates. 

american  bridge  company  standard. 


iWI 


1/  \lk    \llx  •\\\/ 


fr~7\K~V\ 


~7 


-^dl*- 


Sscaf  BacUe. 


;;      sue  1.1     Side  b. 
n    'Ft.-In.       Ft.-Iii. 


1  3-" 

2  14-6 

3  3-II 

4  3-6 

5.3-9 
613-1 

7-3-9 

813-8 

92-8 

10  I  3-  8 


11  ;  2-  2  I 

12  ;  3-  8  i 

13  3-  o  1 

14 ;  2-  9  < 

19 , 2-6 
20 . 2-  9 

21     2-  6 


22  3-  s 

23  ,  3-  6  I 

24  3-6 


3-9 


26     3-2 


27 
28 


3-  I 
3-  o 


29  3-  I 

30  2-  6 


31 

32 


2-  o 
5-6 


33  i  3-  6 

34  :  4-  o 


4-6 
3-1 1 

3-6 
3-1 1 
3-  9 
3-9 
3-  I 
3-8 
3-8 
2-  8 
3-8 
2-  2 
3-0 

2-9 

2-  9 
2-6 
2-6 
3-6 

3-  5 
3-  9 
3-6 

3-  I 
3-  2 

3-  I 
3-0 
2-  o 
2-  6 
3-6 
5-6 
4-0 


Rjaed, 
In. 


Radii  of  Buckle. 


Sidel. 
Fu-In. 


3J 

3l 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

3 

2| 

2| 
2j 

3 
3 
3 
3 
3 
3 
3 

i* 

t 

3 


Sideb. 
Ft.-In. 


Number 
of 

Buckles 
in  One 
Plate. 


8-9i 
6-8| 

7-9| 
7-  li 
7-ii 
4-iof 

10-  2 

lo-  2 

5-  5 
10-  2 

6-10 
3-ioi 

4-  7i 
3-ioi 
3-ioi 
6-3 

5-1 1 A 

7-  iJ 

4-iot 

4-iot 
4-7J 
2-6A 
3-ioi 

8-  iJ 


I  to 
I  to 
I  to 
I  to 
I  to 
I  to  10 
I  to  8 
I  to  8 
I  to  II 
I  to  8 
I  to  14 
I  to  8 
I  to  10 
I  to  II 
I  to  12 
I  to  II 
I  to  12 
I  to  9 
I  to  9 
I  to  9 
I  to  8 
I  to  9 
I  to  10 
I  to  10 
I  to  10 
I  to  12 
I  to  15 
I  to  5 
I  to  9 
I  to    7 


\^^ths  of  Flanges  and  Filleta. 


End 


h.la. 


■1 


C    4-> 


i-S 

225 


Fillets 
It. 


I 

6 


I 

2 


Side  Fiances 
bi.bf. 


-  I  SI 

^— «  fi 
-  *•  9 
I  3  ^  o 

K   "   ^'JB 
(«   u  O   * 

"SgS. 

«   «*   G 

-  «*.!! 

u  C  C 

12  o  « 

•      *^ 
=  <--—  t*«^ 

«-•  o  ^ 


if: 


PUtes  are  steel  i".  A".  T  or  A"  thick. 

Plates  of  greater  length  than  given  in  table  may  be  made  by  splicing  with  ban,  angles,  or  tees. 

All  i^tes  are  made  with  buckles  up,  unless  otherwise  ordered.  When  buckles  are  turned  down, 
a  drain  hole  should  be  punched  in  the  center  of  each  buckle  and  should  be  shown  on  sketch. 

Buckles  of  different  sizes  should  not  be  used  as  it  increases  the  cost  of  the  plate. 

Connection  holes  are  generally  for  W  }"  or  {"  rivets  or  bolts.  Different  sized  hc^  in  same 
plate  will  increase  the  cost  of  the  plate. 

Spacing  for  hcte  lengthwise  of  plate  should  be  in  multiples  of  3"  and  should  not  exceed  12". 
Odd  spaces  to  be  at  end  of  plate  and  in  even  \\    Minimum  spacing  crosswise  4I",  usually  6". 

£Ke  number  must  be  shown  on  drawings. 

Sketches  for  Buckle  Plates  should  indicate  allowaUe  overrun  in  length  and  width. 
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TABLE  56. 
Properties  of  Column  Sections. 


'~ir^  i  "^r" 

Properties  of                                     L             1 
Three  I-Beam                            ^...  Ueeb^!^  — 
Section.                                 ^      irn       \ 

A 

TLflnltngm 

I-Beam 
for  Web. 

>    1    - 
k 

^ 

Skriss  I 

AND   II. 

.  Smuts  I. 

Sbkibs  II. 

Flange 

Web 

Moments  of  Inertia  and 

Web 

Moments  of  Inertia  and        1 

Beams. 

Beam. 

Radii  of  GyraUon. 

Beam. 

Radii  of  Gyration 

Total 

Total 

1 

•3 

1 

^ 

1 

Area. 

AzisA-A. 

AzisB-B. 

\ 

Area. 

Axis  A-A. 

AzisB-B.      1 

& 

^s 

Ia 

TA 

Ib 

tb 

2 

Ia 

TA 

Ib 

rs 

In. 

Lb. 

In. 

Lb. 

In.» 

In.« 

In. 

In.« 

In. 

In. 

Lb. 

In.< 

In.« 

In. 

In.« 

In. 

10 

25 

8 

18 

20.07 

248 

3.51 

325 

4.02 

9 

21 

21.05 

249 

3.44 

*i! 

445 

" 

iS 

ID 

25 

22.11 

251 

3.37 

5;« 

4.89 

12 

31.5 

24.00 

254 

3.25 

788 

5.73 

" 

30 

8 

18 

22.97 

272 

3.44 

387 

4.II 

9 

21 

23.95 

274 

3.38 

494 

4-54 

(( 

30 

10 

25 

25.01 

275 

3.32 

619 

4.97 

12 

31.5 

26.90 

278 

3.21 

915 

5.83 

(( 

35 

8 

18 

25.91 

297 

3.38 

455 

4.1? 

9 

21 

26.89 

298 

3.33 

576 

4-63 

" 

35 

10 

IL. 

2795 

300 

3.27 

717 

5.06 

12 

-H-L. 

29.84 

302 

3.18 

1050 

593 

12 

31-5 

10 

25 

25.89 

43? 

4.12 

635 

4.95 

12 

31.5 

27.78 

441 

3.98 

941 

5.82 

" 

31.5 

15 

4* 

31.00 

t 

3.79 

1552 

7.07 

18 

55 

34.45 

^11 

3.63 

2373 

8.30 

** 

35 

10 

25 

27.95 

4.07 

703 

5.01 

12 

31.5 

29.84 

466 

3.95 

1032 

5.88 
8.38 

(( 

35 

15 

42 

33.06 

471 

3.78 

1688 

?:3 

18 

55 

36.51 

478 

3.62 

2565 

" 

40 

10 

25 

31.05 

545 

4.19 

797 

12 

31.5 

32.94 

547 

4.08 

1 162 

8.47 

tt 

40 

15 

42 

36.16 

552 

3.91 

1884 

7.22 

18 

55 

39.61 

5!>9 

376 

2841 

"jj" 

42 

10 

25 

32.33 

890 

5.24 

828 

5.06 

12 

31.5 

34.22 

893 

5.11 

1206 

5-94 

<• 

42 

15 

42 

37.44 

898 

4.89 

1953 

7.22 

18 

55 

40.89 

905 

4.70 

2939 

848 

" 

45 

10 

25 

H'H 

91? 

5.21 

876 

5.09 

12 

31.5 

35.74 

921 

5.07 

1274 

8.53 

(( 

45 

15 

42 

38.96 

926 

4.87 

2054 

7.26 

18 

55 

^IM 

933 

4.69 

3082 

«« 

50 

10 

25 

36.79 

974 

5.14 

974 

5.14 

12 

31.5 

38.68 

976 

5.02 

1408 

6.04 

« 

5° 

15 

42 

41.90 

981 

4.84 

2254 

7.33 

18 

55 

45.35 

988 

4.67 

3360 

8.61 

« 

60 

10 

25 

42,71 

1225 

5.42 

1165 

5.22 

12 

31.5 

44.60 

1228 

5.24 

1668 

6.11 

" 

60 

JS 

42 

47.82 

1233 

5.07 

2641 

7.43 

18 

55 

51.27 

1239 

4.91 

3901 

8.72 

i8 

55 

12 

31.5 

41.12 

1601 

'6.24 

1496 

6.03 

15 

s 

44.34 

1606 

6.02 

2388 

7.35 

« 

55 

iS 

55 

47.79 

1612 

5.81 

3552 

8.62 

20 

50.94 

1619 

^ 

4546 

9*44 

«< 

60 

12 

31.5 

44.56 

1693 

6.16 

1652 

6.09 

15 

s 

47.78 

1698 

2622 

741 

" 

60 

18 

55 

51.23 

1705 

5-77 

3879 

8.70 

20 

54.38 

1712 

SM 

4943 

9.53 

" 

^5 

12 

31-5 

47.50 

1773 

6.09 

1789 

6.12 

15 

§ 

50.72 

1778 

5.92 

2827 

7.47 

« 

65 

18 

55 

54.17 

1784 

l:S 

4163 

8.77 

20 

57.32 

1791 

5.59 

5288 

9.60 

t* 

70 

12 

31.5 

5044 

1852 

1930 

6.19 

15 

«? 

53.66 

1857 

5.88 

3035 

7.52 

It 

70 

18 

55. 

57.11 

1864 

5.71 

44,?2 

8.84 

20 

60.26 

1871 

5-57 

5^39 

9.66 

20 

65 

15 

s 

50.64 

2354 

6.82 

2790 

7-42 

18 

55 

54.09 

2360 

6.60 

41 16 

8.72 

«( 

65 

20 

53.66 

2367 

6.43 

5234 

9.56 

24 

80 

61.48 

2382 

6.23 

7870 

11.31 

« 

70 

15 

n 

2454 

6.76 

2997 

9.63 

18 

55 

57.11 

2461 

6.56 

4406 

8.78 

(( 

70 

20 

60.26 

2468 

6.40 

5586 

24 

80 

64.50 

2483 

6.21 

8363 

11.39 

« 

75 

15 

n 

56.60 

2552 

6.71 

3203 

7.52 

18 

55 

60.05 

2559 

6.53 

4692 

8.84 

« 

75 

20 

63.20 

2566 

6.37 

5933 

9.69 

24 

80 

67.44 

2581 

6.19 

8851 

11.46 

^ 

80 

15 

4* 

59.12 

4190 

8.42 

3329 

7.50 

18 

55 

62.57 

4197 

8.18 

4872 

8.82 

80 

20 

6s 

65.72 

4204 

8.00 

6155 

9.68 

24 

80 

69.96 

4219 

7.76 

9173 

IM5 

<( 

!5 

15 

i* 

62.48 

4352 

8.35 

3561 

7.55 

18 

55 

65.93 

4358 

8.13 

5194 

8.87 

« 

85 

20 

6s 

69.08 

4365 

7.95 

3767 

9.73 

24 

80 

73.32 

4380 

7.73 

9723 

11.51 

(( 

90 

15 

n 

65.42 

4493 

8.29 

7.60 

18 

55 

68.87 

4499 

8.08 

5481 

8.92 

<( 

90 

20 

72.02 

4506 

7.91 

6893 

9.78 

24 

80 

76.26 

4521 

7.70 

10207 

11.56 

(( 

ICO 

15 

4» 

71.28 

4775 

8.18 

4187 

7.66 

18 

55 

74.73 

4782 

8.00 

6060 

9.01 

<< 

100 

20 

6S 

77.88 

4789 

7.84 

7597 

9.88 

24 

80 

82.12 

4804 

7.65 

11193 

11.66 

Hea^ 

n  uble, 

mav  b 
1  valuei 

e  tubsti 

tuted  b 

y tubtr 

acting 

area  and 

momenu  of  inertia  of  given  beam,  respective 

V,  fron 
f  gyrat 

1  given 

in  tabk 

e,  and  1 

idding 

thecorres] 

ponding  properties  of  new  beam.    The  radii  0 

ionmu 

It  then 

be  reca 

IcuUtecJ 

\  from 

the  fonnu 

la  r  -  V/  +  ^. 
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TABLE  57. 
Properties  of  Coluuv  Sections. 


^ 

k— flPi-— •? 

% 

-.-.-.4-.-. 

-f 

ip* 

Propertiea  of 

A-^r- 

t-^ 

Flanges 

T^  Channeb  Laced. 

Turned  Out. 

d^ 

-   i  -HH-t 

4 

1 

*;*rt"i*r 

B 

ChaimdB. 

MomenU  of  Inertia  and  Radii  of  Gyration. 

Total 

Axi*  A-A 

AzisB-B. 

Web 

of 
Chan- 

Gages. 

Max. 

Distance  Inside  to  Inside  of  Webs  in 

Depth. 

Wdcht. 

Area. 

Indies  -  b'. 

nel. 

Rivet. 

4i 

5i 

6f 

Ia 

«"A 

Ib 

TB 

Ib 

tb 

Ib 

TB 

t 

d 

h 

In.     1    Lb.    1     In.« 

In.« 

In. 

In.« 

In. 

In.« 

In. 

In.« 

In. 

In. 

In. 

In. 

In. 

7 

975 

5.70 

4* 

2.72 

43 

2.73 

59 

3.22 

79 

3.72 

i 

I 

Il 

t 

(( 

12.25 

7.20 

48 

2.59 

51 

2.65 

71 

3.14 

95 

3.64 

A 

lA 

4i 

Si 

6J 

8 

11.25 

6.70 

65 

3.10 

47 

2.65 

66 

in 

88 

3.63 

\ 

I 

li 

} 

(( 

13-75 

8.08 

72 

2.98 

53 

2.57 

76 

102 

3.55 

g 

lA 

16.25 

9.56 

80 

2.89 

57 

245 

82 

2.94 

112 

3.43 

lA 

61 

7i 

8i 

2 

13.25  1    7.78 

95 

3.49 

98 

3-55 

127 

4.04 

160 

4.54 

J 

•i 

i| 

i 

15.00      8.82 

102 

3.40 

106 

3.47 

138 

3-95 

175 

4-45 

A 

(( 

i^ 

20.00    11.76 

122 

3.21 

131 

3.34 

172 

3.83 

220 

4.32 

A 

'A 

6 

7 

8 

to 

15.00 

8.92 

134 

3.87 

107 

3.46 

140 

3-95 

176 

4.44 

4 

\i 

i| 

I. 

20.00 

11.76 

157 

3.66 

129 

3.31 

170 

3.80 

217 

4.29 

i| 

25.00 

14.70 

182 

3.52 

150 

3.19 

199 

3.68 

256 

4.17 

if 

8 

9 

10 

12 

20.50 

12.06 

256 

4.61 

240 

447 

296 

4.96 

358 

545 

A 

\i 

^t* 

i 

« 

25.00 

14.70 

288 

443 

281 

4-37 

348 

4.87 

423 

5.36 

} 

tt 

1* 

35.00 

20.58 

359 

4.17 

353 

4-14 

441 

4.63 

541 

5.13 

1 

2* 

9} 

loj 

Hi 

IS 

33.00 

19.80 

625 

5.62 

IS 

5.22 

646 

5.68 

763 

6.18 

A 

li 

^P 

I 

€1 

45.00 

2648' 

750 

5.32 

4.99 

796 

5.48 

946 

5.98 

1 

(( 

A 

<( 

55.00 

32.36 

860 

5.16 

758 

4.84 

920 

5.33 

1098 

5.83 

« 

2A 

The  table  given  above  is  intended  to  serve  onlyr  aa  a  guide  in  the  choice  of  sections,  and  not  as 
a  complete  ubie.    The  properties  of  sections  not  given  in  table  may  be  found  as  follows: 

Example. — Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  with  flanges 
turned  out,  8}  in.  back  to  back.    Distance  inside  to  inside  of  web  »  8}  +  }  »  8}". 

From  Table  14,  Area = 8.92  in.'. 

/^  —  /jp  in  Table  19  «  133.8  in.*;  r^  =  V/^  -*-  ^  =  V133.8  -4-  8.92  =  3.87  in. 

/^  =  /y  in  Table  19  =  207.0  in.*;  r^  =  Vi^ -s- ^  =  V207.0  -h  8.92^ «  4.81  in. 
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TABLE  58. 
Properties  op  Column  Sections. 


Properties  of                              ^       •       !       !                                           Flanges 
Two  Channels  Laced.                      A"  \ r- — |"  — -A                              Turned  In. 

i 

Channels. 

Total 
Area. 

MomenU  of  Inertia  and  Radu  of  Gyration.                                      | 

AzisA-A. 

Axis  B-B. 

Distance  Back  to  Back  of  Channels  in  Indies  «  b. 

Depth. 

Wt. 

7l 

8* 

.*         1 

Id                  1 

II* 

Ia 

'A 

Ib 

tb 

Ib 

'B 

Ib 

tb 

Ib 

tb 

Ib     1    r. 

In. 

Lb. 

In.» 

In.« 

In. 

In.« 

In. 

In.* 

In. 

In.* 

In. 

In.« 

In. 

In.*    1    In. 

I 

975 

12.25 

5.70 
7.20 

42.2 
48.4 

2.72 
2.59 

60.5 
77.1 

3.26 
3.27 

80.2 
102. 1 

375 
377 

102.7 
130.7 

4.26 

128.I 
162.9 

4.76 

156.3 
198.7 

5.24 
5-27 

7i 

8J 

9J 

lOj 

Hi        1 

8 

11.25 

1375 

6.70 
8.08 

64.6 
72.0 

3.10 
2.98 

70.2 
85.5 

3.24 
3.25 

93.1 
I13.3 

3.73 
3.74 

119.4 
145.2 

4.22 
4.23 

149.0  4.72 

181.1  4.73 

182.0 
221.0 

5.21 
5.23 

8J 

9i 

loi 

IlJ 

I2i           1 

.? 

13.25 
1500 
20.00 

778 

8.82 

11.76 

94.6 
IOI.8 
121.6 

3.49 
3.40 
3.21 

106.8 
122.0 
162.9 

3.70 
3.72 
3.72 

137.1 
156.5 
208.9 

4.20 
4.21 

4.22 

I7I.2 

4.69 
471 
4.71 

209.3 
238.7 
318.6 

5.18 
5.20 
5.20 

251.3 
286.4 

382.3 

5,68 
5.70 
5.70 

9J 

lOj 

llj 

12J 

I3J           1 

lO 

15.00 
20.00 
25.00 

8.92 
11.76 
14.70 

133.8 

157.4 
182.0 

3.66 
3.52 

155-3 
207.4 
257.5 

4.17 
4.20 
4.18 

194.2 
259.0 
321.9 

4.68 

237.6 
316.5 
393.7 

5.16 

5.19 
5.18 

285.4 
379.9 
472.8 

5.66 
5.68 
5.67 

3377 
449.2 
559.2 

6.15 
6.18 

6.17 

lOj 

Hi 

I2J 

I3i 

14*         1 

12 

« 

20.50 
25.00 
30.00 
35.00 

12.06 
14.70 
17.64 
20.58 

256.2 
288.0 

323.4 
358.6 

4.61 
4.17 

257.1 
316.3 

379-3 
439-0 

4.62 
4.64 
4.63 
4.62 

314.9 
387.2 

464.4 
537.9 

5.11 
5-13 
5.13 
5.12 

378.8 
465.4 
558.3 
647.1 

448.7 

766.6 

6.10 
6.12 
6.12 
6.10 

524.6 
644.0 
772.S 
896.4 

6.59 
6.62 
6.62 
6.60 

12J 

I3J 

14J 

15* 

i6|        1 

« 
u 

33.00 
35.00 
40.00 
45.00 

19.80 
20.58 
23.52 
26.48 

625.2 
640.0 
695.0 
750.2 

5.62 
5-57 
5.44 
5.32 

605.9 
630.7 
721.7 
810.6 

5.53 
5.54 
5-54 
5-53 

718.9 

856.2 
961.9 

6.02 
6.03 
6.03 
6.02 

841.7 
876.0 

1002.4 
II  26.4 

6.52 
6.51 
6.52 

974.5 
10142 
11604 
1304.1 

7.02 
7.02 

7.03 
7.02 

II  17.2 
1162.6 
11330.2 
114951 

7.51 
7.52 
7.52 
7.52 

The  ubie  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
coinplcte  table.    The  properties  of  sections  not  given  in  table  may  be  found  as  follows: 

Sxamide  z:  Rcquireci  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  with 
flanges  turned  in,  lO-^  in.  back  to  back. 

From  Table  14,  Area  —  8.92  in.'. 

/^  =  Ix  from  Table  20  =»  133.8  in.*;  r^ 
ly  from  Table  20  =  194  2  in.*;  r^  > 


V/^  -s-  A  «  V133.8  +  8.92  «  3.87  in. 


/jj  =  ly  from  Table  20  =  194  2  in.*;  r^  =  V/jg  +  ^  =  V194.2  -s-  8.92  «  4.68  in. 
Ezunple  a:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  with 
flanges  turned  in,  12  in.  inside  to  inside  of  web. 
From  Table  No.  14,  Area  -  8.92  in.«. 

/^  =  Ix  from  Table  21  «  133.8  in.*;  r^  =  V/^  +  A  «  V133.8  +  8.92  «  3.87  in. 
/^  «  ly  from  Table  21  «  2844  in.*;  r^  -  V/^  -s-  A  «  V284.4  +  8.92  «  5.65  in. 
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TABLE  59. 
Properties  of  Column  Sections. 


9 
}*- — V ♦! 

-A          T          rt 

1 

'^ 

-•4- 

p" 

Properties  of 
Tl«o  Channels  and 

-L.-al 

Flanset 
Turned 

Two  Plates. 

d-*i 

—  1  -» 

«U 

Out. 

A^ 

1 

ISi 

1 

*^Tr-; 7 nar 

pimtinrfa- 

Inside 

Back 

Moments  of  Inertia  and  Radii 
of  Gyration. 

Gages. 

Web 

Cover 

Total 

to 
Inside 

to 
Back. 

of 
Chan- 

Max 

In. 

} 

Plates. 

Area. 

of  Web. 

Axis  A-A. 

AxisB-B. 

Plate. 

Chan- 
nels. 

nel. 

Rivet. 

b* 

b 

Ia 

'A 

Ib 

'B 

s 

h 

t 

Lb. 

In. 

In.» 

In. 

In. 

In.« 

In. 

In.« 

In. 

In. 

In. 

In. 

In. 

7 

97S 

loXl 

10,70 

?.* 

?.i 

108 

3.18 

lOI 

3.07 

?* 

Il 

i 

f 

13.20 

144 

3.31 

122 

3.04 

(( 

I2.2C 

« 

12.20 

« 

?.* 

"4 

3.06 

"3 

3.04 

{< 

•* 

* 

« 

« 

« 

« 

14.70 

150 

3.20 

m 

3.02 

tt 

<( 

<« 

8 

II.2S 

I2Xi 

12.70 

7J 

I 

167 

3.62 

186 

3.83 

^ 

li 

i 

f 

{( 

« 

" 

15.70 

l< 

223 

3.76 

222 

3.76 

«( 

tt 

«( 

« 

I3-7S 

14.08 

6i 

174 

3.52 

204 

3.81 

tt 

•A 

* 

<( 

17.08 

230 

3.67 

240 

3-74 

9 

13.25 

12X1 

16.78 

7l 

6} 

293 

4.17 

235 

3.74 

S!» 

li 

i 

} 

« 

M 

«(    . 

19,78 

366 

4.30 

271 

3:70 

tt 

« 

(( 

20,00 

« 

20.76 

tt 

61 

320 

3.92 

280 

3.67 

«< 

'A 

* 

« 

t< 

« 

23.76 

tt 

« 

393 

4.06 

316 

3.64 

« 

« 

10 

15.00 

14X1 

19.42 

9 

8J 

417 

4.63. 

389 

4.47 

Hi 

'i 

i 

} 

u 

«« 

26.42 

628 

4.88 

504 

4-37 

tt 

tt 

<« 

it 

25.00 

(( 

25.20 
32.20 

« 

8 
tt 

P6 

4.29 

4-^8 

SI 

4.42 
4-34 

tt 

'H 

i 

12 

« 

2a5o 

16X        24.06 
"    i     32.06 

10 

?.* 

715 
1053 

545 
5.73 

785 

5.05 
4.95 

'?. 

']» 

* 

ii 

(1 

25.00 

"        t  26.70 

2* 

747 

5.29 

679 

S.04 

ij 

i 

« 

« 

It 

34.70 

(( 

1085 

559 

849 

4.94 

tt 

tt 

«< 

<« 

(C 

35.00 

36.58 

8* 

984 

5-19 

882 

4.91 

2i 

1 

tt 

«             u 

tt 

44-58 

tt 

« 

"335 

5.47 

105? 

4.86 

tt 

tt 

«< 

It 

\f  i";?^ 

18X|  1  33.30 

"i 

io| 

1423 

6.54 

1II9 

5.79 

•?. 

*ft 

* 

{ 

1999 

6.87 

1362 

5.68 

«« 

"      4S« 

"  i  39.98 

"   ii48.98 

« 

lOi 

1548 

6.22 

I31I 

.5.72 

« 

af 

1 

« 

«4                     «i 

M 

2124 

6,59 

1554 

5.63 

« 

"    \SS-oo 

"        50.36 

9i 

1942 

6.21 

1584 

5.61 

»A 

« 

tt 

"    1     " 

"  1:59.36 

M 

«( 

2536 

6.54 

1827 

555 

« 

tt 

It 

The  ubie  giTcn  above  is  intended  to  tenre  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
complete  table.    The  properties  of  sections  not  ^ven  in  uble  may  be  found  as  follows: 

Eumple:  Required  the  properties  of  a  secuon  consisting  of  2  [s  12  in.  at  20}  lb.,  flanges  turned  out, 
9i  in.  back  to  back,  and  2  Pis.  i6"Xi". 


Item. 

A            1            Ia 

Ib 

'A           1           'B 

Number.!  Sectioo.  1             Siae. 

Table.  1     In.«      Table.  |     In.« 

Table. 

Ia.« 

In.                In. 

2 
2 

[s      1     12  in.  at  20} 
Pis          i6"Xi" 

14     1  12.06 
I     '  16.00 

19         256 

5        626 

19 

3 

350 

34» 

/882 
A2SX)6 

J  691 
>28x)6 

1              1        Toul 

i  28X)6 

.    882 

691 

5.61 

4^ 
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TABLE  60. 
Properties  of  Column  Sections. 


J? 

^    i 

p3 

Cfaannel  and  I-Beam                    A — 
Section. 

\_\J 

.                     Channel  Flanves  Out. 
'■"A    .                    Minimum  I-Beam 
for  Web. 

tT'^k 

c:i 

j 

Sbribs  I 

Sbribs  I. 

Sbribs  IL 

AND   II. 

Flange 

Web  Beam 

Momenta  of  Inertia  and 

W«if>  P«>;Hfn. 

MomenU  of  Inertia  and       | 

Channels. 

RadU  of  Gyration. 

Radii  of  Gyratioa.            | 

Total 

Total 

1 

1 

t 

1 

Area. 

AjdaA-A. 

Axis  B-B. 

t 

1 

Area. 

AadsA-A. 

AzisB-B.      1 

^ 

0 

^ 

Ia 

""A 

Ib 

FB 

" 

^ 

Ia 

TA 

Is 

rs 

In. 

Lb. 

In. 

Lb. 

In.» 

In.« 

In. 

In.« 

In. 

In. 

Lb. 

In." 

In.« 

In. 

In.« 

In. 

6 

8.00 

6 

12.25 

8.37 

28 

1.82 

82 

3.13 

7 

15  OP 

9.18 

29 

1-77 

"4 

353 

(1 

10.50 

(( 

{< 

9.79 

32 

I.81 

99 

3.19 

10.60 

33 

1.76 

137 

3-^ 

7 

9-75 

6 

12.25 

931 

44 

2.18 

95 

3.20 

7 

1500 

10.12 

45 

2.II 

131 

3.60 

« 

12.25 

« 

{< 

10.81 

50 

2.16 

"4 

3.24 

c< 

<( 

11.62 

51 

2.10 

155 

3.66 

8 

11.25 

6 

12.25 

10.31 

66 

2.54 

no 

3.27 

.7 

15.00 

II. 12 

67 

2.46 

150 

3.67 

(( 

13.7s 

« 

« 

11.69 

74 

2.51 

127 

3.30 

12.50 

75 

2.44 

172 

3.71 

9 

13.25 

7 

15.00 

12.20 

97 

2.82 

171 

1:^ 

8 

18.00 

I3.II 

98 

2.74 

226 

4-15 

15.00 

13.24 

104 

2.81 

188 

14.15 

106 

2.73 

247 

4.17 

20.00 

16.18 

124 

2.77 

237 

3.83 

17.09 

125 

2.71 

309 

4.25 

10 

15.00 

8 

18.00 

14.25 

138 

3. II 

253 

4.22 

9 

21.00 

15.23 

139 

3.02 

325 

4.62 

« 

20.00 

<« 

17.09 

161 

3.07 

312 

4.28 

18.07 

163 

3.00 

398 

4.69 

25.00 

20.03 

186 

3.05 

377 

4.34 

21.01 

187 

2.98 

477 

4-77 

12 

20.50 

9 

21.00 

18.37 

261 

3.77 

419 

4.78 

10 

2500 

1943 

263 

3.68 

522 

5.18 

(C 

25.00 

« 

« 

21.01 

293 

3.74 

488 

4.82 

22.07 

295 

3.66 

605 

5.24 

30.00 

23.95 

329 

3.70 

568 

4.87 

25.01 

330 

3.63 

701 

5.29 

« 

35.00 

26.89 

364 

3.68 

652 

4.92 

27.95 

366 

3.62 

801 

535 

40.00 

29.83 

399 

3.66 

740 

4.98 

30.89 

401 

3.60 

905 

541 

15 

33.00 

10 

25.00 

27.17 

632 

4.82 

803 

544 

12 

3yo 

29.06 

635 

4.67 

1146 

6.28 

35.00 

27.9s 

647 

4.81 

829 

545 

29.84 

650 

4.67 

1181 

6.29 

(( 

40.00 

« 

30.89 

702 

4.77 

927 

548 

M 

« 

32.78 

705 

4.64 

1317 

^3i 

(( 

45.00 

« 

33.85 

1^1 

4.73 

1030 

5.52 

C( 

35.74 

760 

4.61 

1600 

6.38 

50.00 

36.79 

812 

4.70 

"35 

555 

38.68 

815 

4.59 

643 

« 

55.00 

« 

39.73 

867 

4.67 

1244 

5.60 

« 

M 

41.62 

870 

4-57 

1747 

648 

The  uble  given  above  it  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
complete  table.    The  properties  of  sections  not  given  in  the  table  may  be  found  as  follows: 

jSxample:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  20  lb.,  flanges  turned  out, 
and  one  I9  in.  at  21  lb. 


Item. 

A 

Ia 

Is 

TA 

tb 

Num- 
ber. 

Sec- 
tion. 

Sitt. 

Table. 

In.« 

Table. 

In.« 

Table. 

In.« 

In. 

In. 

i 

I 

[s 

I 

10  in.  at  20  lb. 
9  in.  at  21  lb. 

14 

7 

11.76 
6.31 

19 

7 

1574 

5.2 

19 
7 

312.7 

84.9 

/l62,6 

Af  18.07 

11 

Toul 

18.07 

162.6 

397.6 

3.00  1      4.69  1 
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TABLE  61. 
Properties  of  Column  Sections. 


-3 

^ 

Propcrttes  of 
Channel  and  I-Beam 

A— 

u 

■      r 

—A. 

Channel  Flanges  In. 
Minimum  UBf^m 

=t^=^ 

Section. 

for  Web. 

" 

b=a 

^ 

Seribs  I 

Seribs  I. 

Sbribs  II. 

AND  II. 

Flange 

Moments  of  Inertia  and 

Moments  of  Inertia  and       1 

Channels. 

Web  Beam. 

Total 
Area. 

Raoii  of  Gyration. 

Web  Beam. 

Total 
Area. 

Radii  of  Gyration. 

1 

^ 

1 

i 

AjdsA-A. 

AjdsB-B. 

1 

1 

AadsA-A. 

AzisB-B. 

Ia 

'A 

Ib 

tb 

Ia 

'A 

Ib 

TB 

In. 

Lb. 

in. 

Lb. 

In.« 

In.« 

In. 

In.« 

In. 

In. 

Lb. 

In.« 

In.« 

In. 

In.« 

In. 

6 

8.00 

7 

15.00 

9.18 

29 

1-77 

86 

3.06 

8 

18.00 

10.09 

30 

172 

123 

3-49 

« 

10.50 

10.60 

33 

1.76 

106 

316 

41 

44 

1 1.5 1 

34 

1.72 

H9 

3.60 

7 

9-7S 

7 

15.00 

10.12 

45 

2.II 

95 

3.07 

8 

18.00 

11.03 

46 

2.04 

135 

3.50 

« 

12.25 

11.62 

51 

2.10 

"7 

3.17 

12.53 

52 

2.04 

163 

3.61 

8 

11.25 

8 

18.00 

12.03 

68 

2.38 

149 

3.52 

9 

21.00 

13.01 

70 

2.32 

203 

3.95 

1375 

13.41 

76 

2.38 

174 

3.60 

14.39 

77 

2.32 

234 

4.03 

9 

13.25 

9 

21.00 

14.09 

100 

2.66 

221 

3.96 

10 

25.00 

15.15 

lOI 

2.58 

292 

4.39 

15.00 

15.13 

107 

2.66 

244 

4.02 

16.19 

109 

2.59 

321 

4.45 

« 

20.00 

18.07 

127 

2.65 

314 

4.17 

19.13 

129 

2.60 

405 

4.60 

ID 

15.00 

9 

21.00 

15.23 

139 

3.02 

240 

3.97 

10 

25.00 

16.29 

IS 

2.94 

316 

4.40 

« 

20.00 

<{ 

(( 

18.07 

163 

3.00 

305 

4,11 

44 

44 

19.13 

2.93 

396 

4.55 

« 

25.00 

t< 

« 

21.01 

187 

2.98 

378 

4.24 

44 

(4 

22.07 

189 

2.93 

483 

4:68 

12 

20.50 

10 

2500 

19.43 

263 

3.68 

383 

4.44 

12 

31.50 

21.32 

266 

3.53 

599 

5.30 

** 

25.00 

tt 

44 

22.07 

295 

3.66 

458 

4.55 

44 

23.96 

298 

3.52 

705 

5.42 

C( 

30.00 

" 

25.01 

330 

3.63 

545 

4.67 

26.90 

3.W 

3-52 

827 

5.54 

M 

35.00 

(( 

4( 

27.95 

366 

3.62 

637 

4.77 

44 

(4 

29.84 

368 

3.51 

954 

5.66 

t< 

40.00 

(( 

4( 

30.89 

401 

3.60 

732 

4.87 

44 

(4 

32.78 

404 

3.51 

1086 

5.76 

15 

33.00 

12 

3^0 

29.06 

635 

4.67 

855 

5.42 

\i 

42.00 

32.28 

640 

4.45 

1458 

6.72 

« 

35.00 

u 

29.84 

650 

4.67 

887 

5.45 

44 

33.06 

655 

4.45 

1507 

6.75 

4( 

40.00 

C( 

44 

32.78 

709 

4.64 

lOIO 

5.55 

44 

36.00 

710 

4.44 

1694 

6.86 

it 

45.00 

(( 

« 

35.74 

760 

4.61 

1138 

5.64 

44 

44 

38.96 

765 

4-43 

1887 

6.96 

U 

50.00 

« 

44 

38.68 

815 

4-59 

1268 

5.73 

" 

«< 

41.90 

820 

4.42 

2083 

7.05 

« 

55.00 

41.62 

870 

4.57 

1403 

5.81 

44.84 

S75 

4-41 

2284 

7.15 

The  table  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
complete  table.    The  properties  of  sections  not  given  in  the  table  may  be  found  as  follows: 

Example:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  20  lb.,  flanges  turned  in 
and  one  I9  in.  at  21  lb. 


Item. 

A 

Ia 

Ib 

TA 

tb 

Num- 
ber. 

Section. 

Size. 

Table. 

In.« 

Table. 

In.« 

Table. 

In.« 

In. 

In. 

2 
I 

[« 
I 

10  in.  at  20  lb. 
9  in.  at  21  lb. 

14 

7 

11.76 
631 

21 

7 

1574 
52 

21 

7 

220.2 
84.9 

Ill 

/305.I 

A  18.07 

Total 

18.07 

162.6 

305.1 

3.00 

4.11 
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TABLE  62. 

Properties  of  Two  Channels  and  a  Built  I-Beam. 
Flanges  Turned  Out. 


Properties  of 
Two  Channelt 

and 
a  Bdik  I -Beam. 


i 


-=4/ 


Channel  Flanges  Oat. 

Distance  Back  to  Back 

of  Channels  Equals 

Width  of  Web  PUte  Phis  \'\ 


Series  z  and  a. 


Series  z. 


Series  a. 


Channel. 


In, 


12 
12 
12 

12 
12 
12 

15 

15 
IS 

15 

15 
15 


f 


Lb. 


20| 

25 

30 

20} 

25 
30 

33 
35 
40 

33 
35 
40 


I 

•8 


I 
I 

•8 
8 

CO 


In. 


In. 


3X3XA 

« 

3ixj}x| 

(C 
« 

4X4xf 


8xi 

« 
« 

8x| 

« 

8xf 

« 

ioz| 


J 


In.> 


21.18 
23.82 
26.76 

24.98 
27.62 
30.56 

32.72 

33-50 
36.44 

34-99 
35.77 
3871 


AxUA-A. 


S'3 


II 


"^A 


In.4 


651 
666 
721 

663 
677 
733 


269 

301 

337 

3.55 

282 
314 
349 

3.36 
3-37 
3.37 

4.46 

4.46 
4.45 

4-35 
4-35 
4.35 


Axis  B-B. 


^1 


In.4 


402 

^^ 
536 

436 
498 
571 
652 
672 

747 

982  5.30 
loio  5.32 
I"I7  !  5-37 


In. 


In. 


4.35 
4.41 
4.48 

4.18 
4.25 
4.33 

4.46 
4.48 

4.53 


iox| 
lozi 

« 

lozf 

II 
I2X| 


I 


In.> 


22.93 

25-57 
28.51 

25-73 
28.37 
31.31 

33.47 
34-25 
37.19 

35-74 
36.52 

39.46 


Axis  A-A. 


1^ 


In.< 


270 
302 

337 
282 
314 
349 

651 
666 
721 

663 
677 
733 


^g 
IS. 


ta 


In. 


344 
3.44 
3.44 
3.31 
3.32 
3-33 

4.41 
441 
4.41 

4.31 
4-31 
4.31 


Axis  B-B. 


^'o 


In,« 


610 
700 
804 

657 

747 
851 

961 

989 

1096 

I  no' 
II38 
124s 


H 


In. 


5.16 
5.23 
5-31 
5.05 

5.13 
5.21 

5-36 
5.38 

5-43 

5.57 
5.58 
5.62 


The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plete table.    The  properues  of  sections  not  given  in  uble  may  be  obuined  as  follows: 

Example:  Determine  the  properties  of  a  section  composed  of  2  channels  15''  X  55  lb.,  i  plate 
12"  X  i"  and  4  angles  4"  X  4"  X  i",  "i"  back  to  back. 

Station: 


Item. 

Area 

Moment  of  Inertia. 

Radius  of  Gyration. 

AxU  A-A. 

Axis  B-B. 

Axb  A-A. 

Axis  B-B. 

Table 
No. 

A 

Table 
No. 

Ia 

Table 

No. 

Ib 

U 

«-■ 

=  »/Ia  +  A 

-|/Ib+A 

In.« 

In.4 

In.« 

In. 

In. 

2  Isi5"x5i5  lb. 
4^4"x4"xJ" 

19 

I 
32 

32.36 

6.00 

15.00 

19 

4 
35 

860 
0 

53 

19 

3 

32 

1587 

72 

389 

A  53-36 

/2048 

A  53.36 

Total 

A- 

5336 

Ia- 

913 

Ib= 

2048 

rx  -  .414  TB  =  6.20 
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TABLE  63. 

Properties  of  Two  Channels  and  a  Built  I-Bbam. 

Flanges  Turned  In. 


Properties  of 
Two  Cbanneb 

and 
a  Built  I-Bcsm. 


Channel  Flanges  In. 

Distance  Inside  to  Inside 

Of  Channels  Equals 

Width  of  Web  PUte  Plus  i". 


Scries  z  and  2. 


Series  z. 


Series  a. 


In. 


12 
12 
12 

12 

12 
12 

15 

15 

>5 
15 

15 


•8 


Lb. 


20i 

30 

20i 

30 

33 
35 
40 

33 
35 
40 


i 

1 

a 

U) 

< 

J 

*o 

i^ 

8 

0 

(^ 

S 

3X3xA 


3Jx3J3c| 


si^lM 


4^1 


loz} 


I4x| 


12x1 


i6xf 


8 

< 


In.« 


21.68 
24.32 
27.26 

27.23 
29.87 
32.81 

34.22 
35.00 
37-94 

37.24 
38.02 
40.96 


Asu  A-A. 


ln.4 


269 
301 
336 

282 
314 
349 

651 
666 
721 

663 
677 
733 


In. 


3.52 
3.5* 
35* 

3.22 
3-i4 
3.2s 

4.36 
4.36 
4.36 

4.22 
4.22 
4.23 


AxisB-B. 


1^1 


In.« 


453 
631 

1054 
1205 
1380 

1034 
1068 
1 201 

1963 
2021 
2245 


I 


In. 


In. 


4-57 

4.70 
4.81 

6.22 
6.35 
649 

5.50 

5.63 

7.26 
7.29 
7.41 


i2xi 


i6x} 


I4xf 


i8x} 


I 


ln.« 


23.68 
26.32 
29.26 

29.98 
32.62 
3556 

34-97 
35.75 
38.69 

40.24 
41.02 
43.96 


Axis  A-A. 


•^  1  •^  Q 


Ja   I   ^A 


ln.4  i  In. 


270  I  3.38 
302   3.38 

337  3-39 


283 

315 
350 

651 
666 
721 

679 

735 


3.08 
3. II 
314 

431 
4-3i 
4.32 

4.07 
4.07 
4.09 


Axis  B-B. 


In.« 


683 
798 
930 

1449 
1644 
1867 

143 1 

1477 
1652 

2582 
2655 
2933 


«'o* 


In. 


5.38 

564 

6.93 
7.10 
7.25 

6.40 
6.43 
6.54 

8.01 
8.05 
8.18 


The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plete uble.    The  properties  of  sections  not  given  in  table  may  be  obuined  as  follows: 

Example:  Detennine  the  properties  of  a  section  composed  of  2  channels  15"  X  55  lb.,  i  plate 
18"  X  t"  and  4  angles  4"  X  4"  X  i",  i8l"  back  to  back. 

SMtttion: 


Item. 

Area. 

Moment  of  Inertia. 

Radius  of  Gyration. 

Axis  A-A. 

Axis  B-B. 

Axis  A-A. 

Axis  B-B. 

Table 
No. 

A 

Table 
No. 

Ia 

Table 
No. 

Ib 

-v/Ia-A 

-•Ib+A 

In.> 

In.4 

In.4 

In. 

In. 

2[8i5"x5S  lb. 
iPl— i8'^x|" 
4^4'Vxi" 

21 

I 

32 

32.36 
11.25 
15.00 

21 

4 

35 

860 

0 

56 

21 

3 
32 

2716 
969 

\58.6l 

\58.6i 

Toul 

A  = 

58.61 

Ia- 

916. 

Ib- 

3989 

ta  =  396 

FB  =   8.25 
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TABLE  64. 
Properties  of  One  Channel  and  One  I-Bbam. 


B 

Pfopfftieeof                            A 

r 

X..+  -.4                  B[?««J^°' 

One  Channel                            T 

T     e                                      One  Channel 

and  One  I-Beam.                                  a 

1 

T~^ 

Y                              ana  une  i-ueam.                    I 

Ser.ifti. 

Serleai. 

Serleaa.                                   | 

Beam. 

Channel. 

1 

1 

Axis  A-A.          >     Arifl  B-B. 

PhawtnJ 

1 

.1 

Axis  A-A. 

AadsB-B.     | 

1 

^ 

7 

^ 

K 

il 

^i 

h 

I 

i 

1 

^i  U 

h^ 

^? 

il 

A 

U 

«"A 

e 

Ib 

tb 

A 

Ia     1     TA 

e 

Ib 

tb 

In. 
8 

Lb. 
i8 

In. 

5 

Lb. 

In,« 

Itt.« 

In. 

In. 

In.« 

In. 

In. 

Lb. 

In.« 

In.«  1  In. 

In. 

In.« 

In. 

7.28 

77 

3.25 

0.99 

II.2 

1.24 

6 

8 

771 

80 

3^2 

1.13 

16.8 

148 

« 

20j 

« 

791 

81 

3.20 

0.91 

"4 

1.20 

(C 

<{ 

841 

84 

3.16 

1.04 

17.0 

142 

?. 

21 

6 

8 

8.69 

116 

3.65 

1.15 

18.2 

1.45 

8 

iii 

9.66 

124 

3.58 

144 

37.5 

1.97 

25 

« 

M 

9.73 

124 

3.57 

1.02 

18.6 

1.38 

« 

(( 

10.70 

133 

3.52 

1.30 

37.9 

1.88 

lO 

2S 

6 

8 

9.75 

162 

4.08 

I.I4 

19.9 

143 

8 

iii 

10.72 

173 

4.02 

1-45 

39.2 

*•?' 

« 

3®, 

(( 

« 

11.20 

176 

3.97 

0.99 

20.6 

1.36 

« 

« 

12.17 

188 

3.92 

1.28 

39.9 

1.81 

12 

3ii 

8 

'?.* 

12.61 

295 

4.84 

1.50 

41.8 

1.82 

10 

'.? 

13.72 

313 

4.77 

1.82 

^-^ 

2.36 

« 

40 

(( 

« 

15.19 

353 

4.82 

1.25 

46.1 

1.74 

(( 

16.30 

373 

4.78 

1.53 

80.7 

2.22 

>5 

1? 

8 

iii 

15.83 

578 

6.04 

I.5I 

46.9 

1.72 

10 

IS 

16.94 

610 

6,00 

1.87 

81.5 

2.19 

<< 

12 

20} 

18.51 

649 

5.92 

2.31 

142.7 

2.78 

I5|33 

22.38 

729 

5.71 

3.15 

327.2 

3.82 

C( 

SO 

8 

iii 

18.06 

624 

5.88 

1.32 

48.3 

1.63 

10:15 

19.17 

658 

5.86 

1.65 

82.9 

2.08 

« 

f< 

12 

20i 

20.74 

702 

5.81 

2.06 

144. 1 

2.64 

15 

24.61 

791 

5.67 

2.86 

328.6 

3.65 

« 

60 

8 

III 

21.00 

754 

5-99 

I.I4 

58.3 

1.67 

10 

22.13 

791 

5.98 

1.43 

^1'2 

2.05 

M 

«« 

12 

2o| 

23.68 

838 

5.95 

1.80 

154.1 

2.55 

15 

27-57 

938 

5.83 

2.55 

338.6 

3.50 

I8 

?? 

8 

11} 

19.28 

1004 

7.21 

1.50 

53-5 

1.67 

10 

20.39 

1056 

7.19 

1.88 

88.1 

2.06 

«« 

12 

2a 

21.96 

1122 

7.14 

2.35 

149.3 

2.61 

15 

25.83 

1257 

6.97 

3.30 

333.8 

3.59 

<« 

1? 

8 

"i 

22.47 

1096  1 6.98 

1.28 

55.8 

1.58    10 

23.58 

1151 

6.98 

1.63 

904 

1.96 

« 

12 

2a 

25.15 

1223    6.97 

2.06 

15 1.6 

2.46 

15 

29.02 

1373 

6.88 

2.94 

336.1 

340 

«« 

^? 

8 

11 

25.40 

1360 

7.32 

I.I4 

78.7 

1.76 

10 

26.51 

1418 
1656 

7.31 

m 

113-1 

2.06 

<« 

12 

2o| 

28.08 

1494 

7.29 

'I.84 

174.3 

2.49 

15 

31.95 

7.24 

358.8 

3.37 

20 

1? 

9 

i3i 

22.97 

1470 

8.00 

1.63 

75.2 

1.81 

10 

23.54 

1507 

8.00 

1.82 

94.8 

2.01 

(i 

12 

20} 

25.11 

1594 

7.97 

2.30 

156.0 

2.49 

15 

28.98 

1779 

7.84 

3.29 

340.5 

^•^1 

M 

^ 

9 

i3i 

24.48 

1524 

7.89 

1.53 

76.3 

1.77 

10 

25.05 

1562 

7.89 

1.71 

95-9 

1.96 

« 

« 

12 

20 

26.62 

1652   7-88 

2.17 

157.1 

2.43 

15 

30.49 

1846 

7.79 

3.12 

341.6 

3.34 

U 

80 

9 

13 

27.62 

1777   8.02 

1.36 

93.1 

1.84 

10 

28.19 

1816 

8.03 

"•5^ 

112.7 

2.00 

« 

{( 

12 

20| 

29.76 

1912 

8a» 

1.94 

173.9 

242 

15 

33.63 

2120 

7.94 

2.83 

3584 

3.26 

^ 

80 

9 

i3i 

27.21 

2539 

9.66 

1.66 

90.2 

1.82 

10 

27.78 

2594 

9.66 

1.86 

109.8 

1.99 

•« 

« 

12 

20} 

29.35 

2734 

9.66 

2.38 

171.0 

241 

15 

33.22 

3033 

9.55 

3.46 

355.5 

3.27 

** 

?? 

9 

i3i 

30.36 

2700 , 9.43 

1.49 

93.0 

175 

10 

30.93 

2755 

9.43 

1.67 

112.6 

1.91 

(( 

«« 

12 

20i 

32.50 

2902 :  945 

2.15 

173.8 

2.31 

IS 

36.37 

3219 

940 

3.16 

358.3 

3.14 

« 

100 

10 

«5, 

33-87 

2904  ;  9.26 

1.53 

115.5 

1.85 

15 

41.17 

3548 

9.28 

3.35 

396.1 

3.10 

" 

*( 

12 

20J 

35.44 

3055 

9.29 

1-97 

176.7    2.23 

15 

39.31 

3387 

9.28 

2.92 

361.2 

3.03 

::  ^^? 

10 

15, 

3544 

3338 

9,69 

1.46 

145.8     2X}3 

15 

42.74 

3997 

9.67 

3.23 

426.4 

3.16 

12 

20J 

37.01 

3492  9.71 

1.89 

207.0   2.36 

15 

40.88 

3831 

9.67    2.81 

391.5 

3.09 
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TABLE  65. 
Properties  of  One  Channel  and  a  Built  I-Beam. 


B 

A             Back  to  Back  of  An 

A 

^ 

'^ 

r 

%\l 

gles  Equals 

Off*»   Phan<*^ 

-A 

^-                     YHAth  nf  AVaH  Plaf  a  PIna  1"                  1 

and 

e 

_^                   •' 

Fop  Angles.  Short  Legs  Out. 

{ 

One  Built  I-Beam. 

i 

T 

Bottom  Angles.  Long  Legs  Out. 

Plate. 

Channel. 

Angles. 

Total 
Area. 

AxisA-A. 

AzisB-B. 

Web. 

Depth. 

Weight. 

Bottom. 

Top. 

Moment 
of  Inertia. 

Radius 
of  Gy- 
ration. 

Eccen- 
tricity. 

Moment 

of 
Inertia. 

Radius 
of  Gy- 
ration. 

A 

Ia 

'A 

e 

Ib 

tb 

In. 

In. 

Lb. 

In. 

In. 

In.« 

In.« 

In. 

In. 

In.« 

In. 

i6x} 

10 

15 

SX3ix| 
tt 

3b?ixj 

21.52 

979 

iv 

1.20 

"5 

2.31 

««  • 

« 

tt 

24.96 

I166 

6.83 

0.92 

132 

2.30 

(« 

tt 

tt 

((         8 

28.26 

1340 

6.89 

0.71 

148 

2.29 

c« 

12 

20.S 

6x4x 

4^4x1 

2497 

"44 

6.77 

I.4I 

207 

2.87 

M 

tt 

«« 

tt 

1 

(i        s 

29.03 

1367 

6.86 

1.08 

233 

2.84 

« 

tt 

« 

32.97 

1572 

6.91 

0.83 

260 

2.81 

i8x} 

ID 

15 

Sxjlx^ 

1 

3ix?ix| 

24.52 

1338 

7.39 

I.I9 

117 

2.19 

u 

(( 

«r 

27.96 

1577 

7.51 

0.92 

134 

2.19 

M 

tt 

« 

« 

« 

31  26 

1802 

7.59 

0.72 

152 

2.20 

«C 

12 

20.5 

6x4x 

4X4^1 

27.97 

1555 

7.46 

1.42 

209 

2.73 

U 

(« 

«« 

(( 

1 
(i 

32.03 

1838 

7.58 

1. 10 

237 

2.72 

€1 

« 

c< 

Ci 

35-97 

2103 

7.64 

0.86 

265 

2.71 

20X} 

12 

20.5 

6x4x| 

4^4if 

28.97 

1971 

8.24 

1.52 

209 

2.69 

It 

«< 

« 

"    i 

** 

33.03 

2329 

8.39 

1.19 

237 

2.68 

tt 

« 

« 

(( 

36.97 

2662 

8.49 

0.93 

265 

2.68 

it 

15 

?? 

6x6z| 
(i    1 

•6.V411 

35.84 

2317 

o'°J 

2.30 

395 

3.32 

tt 

tl 

*i 

40.90 

2725 

8.16 

1.90 

423 

3.22 

It 

tt 

tt 

(( 

45.84 

3104 

8.24 

1.59 

451 

3-H 

24if 

12 

20.5 

6x4xi 
<«     1 

4Hs| 

33.97 

3133 

9.62 

1.56 

212 

2.50 

U 

tt 

«t 

38.03 

3656 

9.81 

1.24 

241 

2.52 

tt 

tt 

M 

6x6xi 

*^.X4X 

41.97 

4150 

9.95 

0.99 

270 

2.54 

tt 

1$ 

?? 

40.84 

3686 

9.50 

2.42 

398 

3.12 

M 

tt 

(( •  1 

-■      ', 

45.90 

4290 

9.67 

2.03 

427 

3.05 

tt 

u 

tt 

tt 

50.84 

4858 

9.78 

1.72 

457 

3.00 

3<»i 

12 

20.S 

6^1 

If^j 

41.47 

5546 

11.56 

1.61 

217 

2.29 

tt 

(( 

«<  . 

tt     1 
« 

45-53 

6381 

11.84 

1.30 

246 

2.32 

tt 

tt 

M 

{( 

49-47 

7174 

12.05 

1.05 

276 

2.36 

tt 

15 

3^ 

6x6z} 

♦6x4x| 

53.40 

7490 

11.84 

^•i2 

432 

2.85 

M 

tZ 

(1     5 
tt 

it         B 

58.34 

8413 

12.01 

1.88 

463 

2.82 

U 

tt 

{< 

tt 

63.16 

9293 

12.13 

1.63 

495 

2.80 

36xi 

12 

20.5 

6z6x} 

♦6x4xi 

54.03 

10485 

13.93 

1.32 

^ 

2.14 

«< 

tt 

(C 

«       i 

58.97 

11825 

14.16 

1.06 

278 

2.17 

{< 

tt 

({ 

63.79 

13 104 

14.31 

0.85 

311 

2.20 

'.? 

V 

6x6x1 

*6x4xi 

57.90 

11483 

14.08 

2.43 

433 

2.74 

«(     5 

"     1 

62.84 

12859 

14.31 

2.10 

463 

2.72 

(« 

tt 

tt 

<« 

67.66 

14170 

14.47 

1.82 

495 

2.70 

47 
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TABLE  66. 
Properties  of  Built  Struts. 


PlOpCfuCS  of 

One  Channd 

and  One  Angle. 

4 

fi " 

Long  Leg  of  Angle  Turned  Out. 

Back  of  Angle  Flush  with 

Flange  of  Channel. 

J 

L 

Chan- 
nel. 

Weight 

Chan- 
nel. 

Sixe  of  Angle. 

Total 
Aiea. 

AxUA-A. 

AxisB-B.                    1 

Mo- 
ment 

of 
Inertia. 

Radius 

of 
Gyra- 
tion. 

Section 
Modu- 
lus. 

tiidty. 

Mo- 
ment 
of 
Inertia. 

Radius 
of 

Section 
Modu- 
lus. 

Eccen- 
tricity. 

A 

Ia 

J-A 

Sa 

e 

Ib 

rn 

Sb 

e* 

In. 

Lb. 

In. 

In.< 

In.« 

In. 

In.« 

In. 

In.« 

In. 

In.« 

In. 

4 

Si 

*4X2jXi 
3   X2}Xi 

52 

n 

1-44 
1-43 

2.23 
2.22 

.62 

1-97 
2.82 

.85 
.99 

0.81 
1. 00 

+.05 
+.17 

5 

6J 

aiXiixl 

3  X»jXi 
3iX2jXj 

4  X3  XA 

1:S 

3-39 
404 

10.3 
10.8 
II. I 
12.1 

I.81 
1.82 
1.81 
1.73 

3.24 

.68 

.80 
.90 

2.27 
3.19 

.85 

.99 

1.14 

I.31 

.90 
1.09 

1.33 
1.94 

-X>3 
+.07 
+•19 
+.41 

6 

8 

*iX2jX} 

3  X2|Xi 
3lX2iXl 

4  X  3XA 

'1 

3.82 
4-47 

17.8 
18.3 
18.9 
20.2 

2.23 
2.23 
2.23 
2.13 

4.85 
4.99 

.76 

.83 

.90 

1.05 

2.62 
7.61 

.86 

.99 

1.13 

1.30 

1,01 
1.19 

—.11 
—  .01 
+•09 
+•31 

7 

9l 

3  X2JXI 
3JX2iXi 

4  X3  XA 

5  X3  XA 

4.16 
4.29 
4.94 
5*5 

29.1 
30.0 
31.8 
33.2 

2.64 
2.64 

«.54 
2.51 

6.62 
6.71 
6.83 
6.94 

.89 

1. 16 
1.29 

4.06 

§-^ 
8.31 

13.73 

.99 
1. 12 
1.30 
1.62 

1.31 

1.55 
2.20 

3.03 

-.09 
+.01 
+.21 

+A7 

8 

Iii 

4  X3  XA 

5  X3  XA 

5  X3JXA 

6  X3JX 
6  X4  xl 

S44 
5.75 

6.96 

47.5 
49.6 

49.5 
53.3 
53-4 

2.95 
2.93 
2.89 
2.81 
2-77 

9.06 
9.21 
9.22 
9.48 
9.56 

1.24 
1.39 

1.62 

1-59 

9.07 
14.74 
14.76 
25.82 
25.87 

1.29 
1.60 
1.58 
1.95 
1.93 

3.18 
3.18 
4.91 
4.91 

+.13 
+.36 
+.36 
+•74 
+•73 

9 

I3i 

4  X3  XA 

5  X3  XA 

5  X3iXA 

6  X3JX 
6  X4  xl 

6.29 
6.45 
7.31 
7.50 

68.0 
70.7 
70.7 
76.0 
76.0 

3-37 
3.35 
3.31 
3.22 
3.18 

11.70 
11.86 
11.88 
12.20 
12.23 

1.31 
1.46 
1.45 
1.74 
1.71 

99^ 
15.82 
15.84 
27.42 
27.46 

1.29 
1.59 
1.57 
1.94 
1.91 

2.50 
3.34 
3.34 
5.11 
5.10 

-I-.26 

+.63 
-I-.62 

lO 

IS 

4X3  XA 
S  X3  XA 

5  X3IXA 

6  X3JXI 
6  X4  Xf 

7.02 
7.88 
8.07 

94.1 
97-7 

104.8 
104.6 

3.79 
3.77 

3.60 

14.81 
15.00 
15.00 
15.36 
1535 

1.35 
1.51 
1.52 
1.83 
1.82 

10.82 
16.97 
16.99 
29.05 
29.10 

1.28 
1.57 
1.55 
1.92 
1.90 

2.68 
3.51 
3.52 
531 
5.31 

-.03 
+.17 
+•17 

+  .S2 

+  s» 

12 

aoj 

4  X3  XA 

5  X3  XA 

5  X3JXA 

6  X3JX 
6  X4  xl 

8.12 
8.43 
8.59 

9.64 

172.3 

177.9 
178.8 

190.7 
190.8 

4.61 

4.56 
4.49 
4.4s 

23.45 
23.68 

23.73 
24.19 
24.19 

1.35 
1.52 

!;I5 

1.90 

13.25 
19.90 

19.93 
33.16 

33.15 

1.28 

1.54 
1.52 

IS 

3.16 

3-97 
3.97 
5.81 
5.81 

—.20 

—  .02 

—  .02 
+.29 
+•29 

IS 

33 

4X3  XA 

5  X3  XA 
1  X3IXA 

6  X3JX 
6  X4  xl 

11.99 
12.30 
12.46 
13.32 
13.51 

392.6 
404.0 

405.4 
430.9 

431.3 

5.72 
572 

45.25 
45.75 

46.65 

1.18 

1-33 
1-37 
1.72 

^'7S 

18.86 
26.82 
26.87 
41.47 
41.47 

1.47 
1.76 

1.75 

4.26 

5.13 

6.84 

-•43 
-.23 
—.22 
-.06 
-.06 
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TABLE  67. 
Properties  of  Starred  Angles. 


Two  Angles  Starred, 
Equal  Legs. 


Values  for 
as  in 


Axis  A-A  same 
Table  3S. 


Size  of 
Angles. 


In. 


"  I 

2jx2jx| 

i(   i 
«   ? 

"   I 

3Jx3Jx; 


"  I 


6x6x} 


"  I 
8x8xi 


Total 
Area. 


In.« 


1.88 
2.72 

2.38 
3.46 

2.88 
4.22 
5.50 
6.72 

3.38 
4.96 
6.50 
7.96 

3.88 
572 
7.50 
9.22 

7.22 

9.50 

11.72 

13.88 

8.72 
11.50 
14.22 
16.88 
19.46 
22.00 

15-50 
19.22 

22.88 
26.46 
30.00 


Radius 
of  Gy- 
ration. 


re 


In. 


^77 
.74 

.97 
•95 
I.17 
I.16 
I.13 
1. 10 

1.37 
1-35 
1-33 
1.31 

1.58 
1.56 

1-53 
1.51 

1.98 

1-95 
1.92 

1.89 

2.37 
2.35 

i-33 
2.30 
2.28 
2.26 

317 
314 
3.12 
3.09 
3.07 


Two  Angles  Starred, 
Unequal  Legs. 


Values  for  Axes  A-A  & 

B-B  same  as  in  Tables 

39  &  40  respectively. 


Size  of 
Angles. 


In. 


2ix2xJ 
"    i 

3«ixi 
"   i 

3i3c34 


5x3^1 


s^$M 


6x4x1 

••t 

"  I 

8z6z} 

"  f 

■  \ 


Total 
Area. 


In.< 


2.12 
3.10 

2.62 
3.84 

3.12 
4.60 
6.00 
7.34 

4.96 
6.50 
7.96 

5.72 

7.50 

9.22 

10.88 

6.10 

8.00 

9.84 

11.62 

7.22 
9.50 
11.72 
13.88 
1596 
18.00 

13.50 
16.72 
19.88 
22.96 
26.00 


Least 
Radius 
of  Gy- 
ration. 


In. 


.73 
.78 

.00 
.00 

.22 
.20 
.18 
.16 

23 
.21 

19 
17 
,16 
,16 
15 
15 

37 
35 
34 
33 

56 
56 
55 
55 
54 
54 

2.39 
2.38 
2.36 
2.35 
2.34 


Four  Angles  Starred, 
Equal  Legs. 


Size  of 
Angles. 


In. 


2X2x} 
"  f 

2ix2ixi 

3x3xi 


3lx3ixJ 

"   i 

4J4xl 


S?-S^ 


6x6xj 
"  f 

"  i 

'•    1 

8z8xi 


Total 
Ana. 


In.' 


3.76 
S-44 

4.76 
6.92 

S.76 
8.44 

11.00 
13.44 
6.76 
9.92 
13.00 
15.92 

7.76 
11.44 
15.00 
18.44 

1444 
19.00 

23.44 
27.76 

17.44 
23.00 
28.44 
33.76 
38.92 
44.00 

31.00 
38.44 
45.76 
52.92 
60.00 


Radius 
of  Gy- 
ration. 


In. 


.85 
.88 

1.05 
1.07 

I.2S 
1.27 
1.29 
1.32 

1.45 
1.48 
1.50 
1.52 

1.66 
1.68 
1.70 
1.72 

2.08 
2.10 
2.12 
2.14 

2.49 
2.51 
2-53 
2-55 
2.57 
2.59 

3.32 

3.36 
3.38 
3.40 


Four  Angles  Starred, 
Unequal  Legs. 


Size  of 
Angles. 


In. 


2|x2xi 

'  I 


3ix3x| 


^?'\ 


"I 
Sxjixl 

(( 
{( 

-\ 

"    I 
"  I 

"   i 
"   i 

"    I 


Total 
Area. 


In.s 


4.24 
6.20 

S'H 
7.68 

6.24 

9.20 

12.00 

14.68 

6.76 

9.92 

13.00 

15.92 

11.44 
15.00 
18.44 
21,76 

12.20 
16.00 
19.68 
23.24 

14.44 
19.00 

23.44 
27.76 
31.92 
36.00 

27.00 

33.44 
39.76 

45.92 
52.00 


Radius  of 
G}rratlon. 


Axis 
A-A. 


In. 


I. II 
I.13 

'1.31 
133 

1.52 
1.53 
1.55 
1.57 

1.77 
1.80 
1.82 
1.84 

2.34 
2.36 
2.39 
2.41 

2.27 
2.29 
2.31 
2.33 

2.74 
2.76 
2.78 
2.80 
2.82 
2.85 

3.56 

3.60 
3.62 
3.64 


Axis 
B-B. 


In. 


.80 
81 

1.00 
1.02 

1.20 
1.23 
1.24 
1.26 

I.16 
I.17 
1.20 
1.22 

1.09 
I. II 

1. 16 

1.36 
1.38 
1.40 

1.50 
1.51 

1.56 

1.60 

2.32 
2.33 

2.35 
2.37 
2.39 


For  unequal  lee  angles,  the  angle  between 
B-B  &  C-C  varies  between  io*»  &  34*. 
Tie  plates  fOr  unequal  le^  angles  —  {''. 


When  angles  are  not  in  contact,  use  tables  38, 
39,  &  40. 
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TABLE  68. 
Properties  of  Four  Angles  Laced. 


f 

f 

i 

Propertiet 

"-^    ' 

For  Equal  Legs  and                       1 

o^                                       JL..       a       ..-^   I                            Unequal  Legs  with 
Four  Angles  Laced.                       *^          ^         ^4                      Long  Legs  Turned  Out. 

JL L 

.  1 
B 

Poor 
Angles. 

Total 
Aiea. 

Momenu  of  Inertia  and  Radii  of  Gyntlon. 

Axis  B-B. 

AxUA-A. 

Thickneflsof  3  Ladng 
Bars-I. 

Distance  Back  to  Back  of  Angles  in  Inches-i. 

2  Bart 

2  Bars 

8i 

loj 

12* 

14} 

I6i            1 

Ib 

tb 

Ib 

tb 

Ia 

fA 

Ia 

^A 

Ia 

«"A 

Ia 

fA 

Ia 

"•a 

In. 

In.» 

In.* 

In. 

In.« 

In. 

In.< 

In. 

In.« 

In. 

In.* 

In. 

In.* 

In. 

In.* 

In. 

3X2jx 

5H 

12 

1.50 

13 

1.55 

71 

3.68 

113 

4.64 

167 

5.64 

231 

6.64 

305 

7.63 

7.68 

18 

1.53 

19 

1.^8 

100 

3.61 

162 

4.59 

240 

5.59 

333 

6.58 

% 

7.58 

M 

10.00 

24 

I.S5 

26 

1.60 

128 

3.57 

208 

4.56 

308 

5-55 

428 

6.54 

7-54 

4X3X 

9.92 

39 

1.98 

41 

2.03 

127 

3.58 

206 

4.56 

305 

5-55 

423 

6.53 

561 

7.52 

13.00 

53 

2.01 

55 

2.06 

162 

3.53 

264 

4.51 

392 

549 

546 

648 

725 

748 

15.92 

66 

2.04 

69 

2.08 

193 

3.48 

317 

4.46 

472 

544 

659 

6.43 

879 

742 

2  Bars 

2BarB 

A"  =  r 

io| 

I2i 

I4J 

16J 

18J 

3Jx?W 

9-9« 

27 

1.66 

29 

1.71 

190 

4.38     284 

5.34 

398 

6.34 

532 

7.32 

685 

8.31 

13.00 

37 

1.69 

39 

1.73 

243 

4,32 

365 

5.30 

513 

6.28 

687 

7.27 

887 

8.26 

15.92 

46 

1.70 

49 

1.76 

291 

4.27 

440 

5.26 

619 

6.23 

831 

7.18 

1075 

8.21 

4i4x 

11.44 

39 

1.86 

^ 

1.91 

211 

4.29 

3'S 

5.25 

444 

6.22 

596 

7.22 

770 

8.20 

15.00 

S3 

1.88 

56 

1.93 

271 

4.25 

408 

5.22 

575 

6.19 

772 

7.17 

999 

8.16 

18.44 

67 

1.91 

71 

1.96 

325 

4.20 

491 

5.16 

695 

6.14 

935 

7.12 

I2I3 

8.11 

2  Bare 

2  Bare 

1"  -  r 

io| 

12J 

14* 

16J 

18* 

Sxjixl 

12.20 

76 

2.50 

79 

2-55 

248 

4.53 

367 

548 

5" 

6.47 

679 

7.46 

872 

845 

16.00 

102 

2.53 

106 

2.58 

318 

4.46 

472 

5.43 

659 

6.41 

878 

741 

1129 

8.40 

19.68 

128 

2.5s 

'33 

2.60 

382 

4-40 

571 

5.39 

800 

6.37 

1067 

7.36 

1374 

8.36 

6x4x 

19.00 

170 

2.99 

176 

3.04 

370 

441 

551 

5-39 

770 

6.36 

1027 

735 

1321 

8.34 

23-44 
27.76 

213 

3.01 

220 

3.06 

44B 

4.37 

669 

5.34 

937 

6.32 

1252 

7.32 

1614 

8.30 

257 

3.04 

265 

3.09 

517 

4.32 

777 

5.29 

1092 

6.27 

1462 

7.26 

1888 

8.24 

The  above  table  u  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plete Uble.    The  properties  of  other  secUons  may  be  found  as  follows: 

The  areas  and  momenu  of  inertia  of  four  angles  about  the  axis  J- A  arc  given  in  Table  32,  for 

equal  leg  angles;  Table  31,  for  unequal  leg  angles,  long  legs  out,  and  Table  34,  unequal  leg  angles, 
short  legs  out;  the  axis  A- J  corresponding  to  axis  X-X  in  Tables.    The  radius  of  gyration  about 

axis  j1-J  may  be  calculated  from  the  formula  r^  =»  V/a  +  ^.  • 

The  momenu  of  inertia  of  four  angles  about  the  axis  B-B  arc  given  in  Tables  35,  36  and  37, 
the  axis  B-B  corresponding  to  Y-Y  in  Tables.    The  radii  of  gyration  of  four  angles  about  the  axis 

B-B  may  be  calculated  from  the  formula  r^  »  V/b  -*-  A,  or  may  be  found  from  Tables  38,  39  and 

40,  the  radius  of  gyration  of  four  angles  being  equal  to  that  of  two  angles. 
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TABLE  69. 
Properties  of  Four  Angles  and  One  Plate. 


e 

• 

B 

e'Plus  1 

In. 

Plate  and  Angl 
Column  Section 

A 

J^ 

Without 
Flange  Platei 
Long  Legs  Ou 
d  -  Width  of  Web  Plat 

SerlesI 
andIL 

Series  L 

Series  II. 

Moments  of  Inertia  and 

Moments  of  Inertia  and 

• 

Radii  of  Gyration 

• 

Web 

Plate. 

Four 
Angles. 

Total 
Area. 

Axis  A-A. 

AxisB-B. 

Four 
Angles. 

Total 
Area. 

AzisA-A. 

AadsB-B 

Ia 

'A 

Ib 

ra 

Ia 

'A 

Ib 

tb 

In. 

In. 

In." 

In.« 

In 

In.< 

In. 

In. 

In.« 

In.< 

In. 

In.« 

In 

^fl 

3X2jx} 

7.24 

81 

3.36 

10 

I.I9 

3ix2jxi 

7.76 

90 

3.41 

16 

1-44 

« 

\  A 

8.48 

97 

3.38 

13 

1.23 

"    A 

9.12 

108 

3.43 

20 

149 

8iA 

3ix2ixA 

9.62 

1 10 

3.38 

21 

1.47 

^?^^ 

10.86 

122 

3.35 

30 

1.67 

10.94 

127 

3.40 

25 

I.51 

12.42 

^^l 

3.36 

36 

I.71 

^f* 

n 

12.92 

143 

3.33 

37 

1.70 

^S\ 

16.00 

178 

3-33 

50 

1.77 

I4.4« 

161 

3.34 

43 

1.73 

17.48 

194 

3-33 

56 

1.79 

lOxA 

Jtolxft 

10.25 

181 

4.20 

21 

1.42 

^P^ 

11.49 

201 

4.18 

30 

1.62 

11.57 

208 

4.16 

25 

1.65 

13-05 

232 

4.22 

36 

1.67 

loxl 

Sx^ixP 
Sx^lxf 

13.67 

237 

37 

«     i 

18.19 

319 

4.19 

119 

2.56 

15.23 

267 

4.18 

44 

1.69 

20.47 

361 

4.20 

139 

2.61 

c< 

iS-95 

279 

4.18 

71 

2.10 

22.75 

•401 

4.20 

160 

2.65 

17.87 

315 

4.20 

82 

2.15 

6x4x| 

2499 

440 

4-19 

180 

2.69 

loxi 

21.00 

360 

4.14 

98 

2.16 

24.00 
26.24 

412 

4.14 

165 

2.62 

22.88 

393 

414 

III 

2.20 

C(         1 

451 

4-15 

187 

2.66 

24.68 

4H 

4.15 

123 

2.22 

28.44 

489 

4.15 

206 

2.69 

I2XA 

4f33cA 

12.11 

304 

501 

30 

1.57 

»M 

13-99 

355 

5.02 

58 

2.04 

« 

(( 

13.67 

350 

5.06 

36 

1.62 

15-95 

412 

5.04 

69 

2.08 

12X1 

14.42 

359 

4.99 

37 

1.60 

'VK 

18.94 

481 

IS 

119 

2.51 

« 

15.98 

404 

5.02 

44 

1.66 

-"X 

21.22 

544 

139 

2.56 

16.70 

421 

5.02 

70 

2.05 

23.50 

605 

5.07 

160 

2.61 

18.62 

476 

IS 

82 

2.10 

"? 

25-74 

665 

5.08 

180 

2.65 

« 

20.50 

526 

95 

2.15 

27-94 

723 

5.09 

200 

2.67 

12XJ 

Sx^ixi 

22.00 

It^ 

4.97 

98 

2.II 

6x4xJ 

25.00 

623 

4-99 

165 

2.57 

<c 

23.88 

5.00 

III 

2.16 

((         1 

27.24 

683 

5.01 

186 

2.61 

25.68 

643 

5.00 

123 

2.19 

29.44 

741 

5.02 

206 

2.65 

!!    * 

27.48 

692. 

5.02 

135 

2.21 

((         \ 

31.60 

794 

5-01 

228 

2.69 

29.24 

735 

5.01 

149 

2.26 

33-76 

849 

5.01 

249 

2.72 

The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plete table.    The  properties  of  other  sections  may  be  found  as  follows: 

Example:  Required  the  properties  of  a  section  composed  oi  ^  A  $"  X  3i"  X  A">  long  legs 
out,  12I"  back  to  back,  and  one  plate  12"  X  A"» 


Item. 

Area. 

Moment  of  Inertia. 

Radius  of  Gyration. 

AadsA-A. 

AadsB-B. 

AxisA-A. 

AzisB-B. 

Table 

No. 

A 

Table 
No. 

Ia 

Table 
No. 

Ib 

Ta-V^Ia  +  A 

m-v'iB+A 

In. 

In.« 

In.« 

In.« 

In. 

In. 

4ii53C3lxA 

I  PI— I2xA 

33 

I 

14.12 
5.25 

33 
3 

403 
63 

36 

4 

84 
0 

/466 
\  19.37 

Vi^, 

Totals 

A  = 

19-37 

Ia  = 

466 

Ih  = 

84 

Ta  =  4-90 

Th  =*  2.08 
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TABLE  70. 
Properties  of  Four  Angles  and  Three  Plates. 


Properties  of 
Plate  and  Angle 
fWhiiiMi  Seccionf* 


d- Width  of 


With 
Plates, 
eb  Plate  Plus  i  In. 


Series  I  and  II. 


Series  L 


Series  II. 


Web 
Plate. 


Poor 
Angles. 


Two 
Cover 
Plates. 


Total 
Area. 


Moments  of  Inertia  and 
Radii  of  Gyration. 


AzlsA-A. 


Ia 


AzJsB-B. 


Two 
Cover 
Plates. 


Total 
Area. 


Moments  of  Inertia  and 
RadU  of  Gyration. 


AxisA-A. 


AxisB-B. 


In. 


In. 


In.> 


In.« 


In. 


In.« 


In. 


In. 


In.> 


In.« 


In. 


In.< 


In. 


lox} 

« 

lox} 


4x3x1 


lOXf 


12X1 


21.17 

26.7s 
26.20 

lioo 


459 
598 
556 


4.62 

4.73 
4.60 
4.68 


100 

134 
181 
242 


2.17 
2.24 
2.63 
271 


10X4 


12X4 


23.67 
29.25 
29.20 
36.00 


540 
682 

653 

Jit 


4.78 
5.16 

4.73 

.478_ 


121 

154 
217 
278 


2.26 
246 

2-73 
2.78 


I2xi 

« 

12x4 

« 

I2X} 

I2X} 


SxjJ: 
SxjJxi 

6X4X1 

6x4xj 


'n 


25.70 
32.50 
34.00 
40.68 
2944 
37.50 
39.00 

1651 


794 
1034 
1052 
1290 
916 
1197 
1215 

ii2i 


5.66 

5.63 
5.58 
5.65 
5.58 
5.64 


179 
239 
242 

303 
291 
388 

394 
492 


2.64 
2.71 
2.67 
2.73 

3.14 
3.22 
3.18 
324 


14XJ 


28.70 
35.50 
37.00 
43.68 

32.94 
41.00 
42.50 
5044 


929 

1 173 
1191 
1387 
1073 
1360 
1378 
1664 


5.69 

5.7s 
5.68 
5.64 

5.69 

5.75 


215 
275 
278 
339 

446 

451 
_i49 


^74 
2.78 

2.74 
2.78 

3.25 
3.29 
3.26 
3.30 


I4x| 


6x4xj 

«   i 

6x4x 

u   1 

6x^! 


'n 


30.19 
38.25 
40.00 
47.94 

56.69 
63.69 
70.69 
77.69 


"  li,  84.69 

"  2j'  91.69 


I261 
1644 
1672 
2052 
2081 
2529 
3006 
3512 
4048 
4615 
5214 
5846 


6.46 

6.54 
6.47 

6.68 
6.87 
7.05 
7.22 
7.38 

7.69 


291 
388 

394 
492 

613 
728 

956 
1071 
1 185 

"99 


3.10 
3.19 

3.14 
3.20 

3-17 
3.29 
3.38 
3.45 

3.56 
3.63 


'n 


'i 


33.69 
41.75 
4350 
5144 
53.19 
60.19 
67.19 

74-19 
81.19 
88.19 

95.19 
102.19 


1469 
1857 
1885 
2263 
2292 
2764 
3255 
3776 
4327 
4910 

5525 
6175 


6.60 
6.67 
6.58 
6.63 
6.57 

6!96 
7.13 
7.30 
7.46 
7.62 
7-77 


446 
451 

671 
785 
899 
1014 
1128 
1242 
1356 


3.21 

3.27 
3.22 
3.26 
3.23 
3.34 
3.42 
3.48 
3.53 
3.58 
3.62 
3.64 


The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plete table.    The  properties  of  other  sections  may  be  found  as  follows: 

Eximple:  Required  the  properties  of  a  section  composed  of  4  ^  5"  X  3}"  X  i%\  long  legs 
out,  I2i"  back  to  back,  one  web  plate  12"  X  it"  and  two  flange  plates  12"  X  |". 


Item. 

A«i„ 

Moment  of  Inertia. 

Radius  of  Gyration. 

AzisA-A. 

AzisB-B. 

AzisA-A. 

AzisB-B. 

Table 

No. 

A 

TaUe 

Ia 

Table 

Ib 

Ta-ZIa+A 

r,-|/I»+A 

In. 

In.« 

No. 

In.« 

No. 

In.« 

In. 

In. 

2  PI— I2x| 

33 
3 
5 

63 
359 

36 

4 
3 

84 

0 

108 

\  28.37 

33 
I 

I 

14.12 

5.25 
9.00 

J  192 
\28.37 

Total 

A  -  i  28.37 

/a- 

825 

/.- 

192 

^A  -  5.39 

f,  «  2.60   . 
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TABLE  71. 
Propertibs  of  Four  Angles  and  Two  Plates,  Laced. 


Properties  of 

Four  Angles  and 

Two  Plates, 

Laced. 

Angles  Tunied  Out 

and 
Angles  Turned  In. 


b  -  Width.  Back  to  Back 

of  Angles,  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

with  Angles  Turned  Out. 

c  «  Same  as  b,  but 

with  Angles  Turned  in. 

d  --  Depth  of  Web  Plates -f  T. 


Scries 
I.  a.  3 
and  4. 


Size  of 
Angles. 


In. 


2jx2W 


3,*3X 


3§xjjx| 


2ix2}xi 


3X3X 


3ixjjxf 


2jx2jxj 


3X3X 


3lx^|: 


!'1 


4M* 


Series  i. 


In.«    In.«,  In.    In.     In. 


8"xJ"  Web  Plates. 


8.76 
10.92 
13.00 

9.76 
12.44 
15.00 

13.92 
17.00 
19.92 


83 
109 
132 

93 
123 

151 

137 
168 
196 


3.08 
3.16 
3.19 

3.09 
3.IS 
3.17 

3-H 
3.1S 
3-iS 


S-4 
S3 

s.» 

4.8 

4.6 
45 
4-3 


6.7 
70 
7.3 

6.8 
71 
7.4 

7.3 
75 
7-7 


15.92  148 
19.00179 
21.92I207 


io"xJ"  Web  Plates. 


9.76 
11.92 
14.00 

10.76 

13.44 
16.00 


14.92 
18.00 
20.92 


142 
185 
224 

159 
209 
256 

232 
285 
333 


3.82 

3-94 
4.00 

3.84 
3-94 
4.00 

3-94 
3.98 

3.99 


6.4 
6.6 
6.9 

6.7 
6.7 
6.6 

6.2 
6.0 


7-5 
8.1 
8.8 

8.3 
8.7 
9.0 

8.9 
9.1 
9.3 


I2"xi"  Web  Plates. 


10.76J  220  4.52 
12.92  288  4.72 
i5-ooi343|4-78 

11.76  246!4.57 
I4.44'322  4.72 
17.003924.80 

iS-92i3S64.73 
19.00I4374.80 
21.92,5124.83 

1744388,4.72 
21.0048014.78 
2444563,480 


8.4 
8.5 
8.6 

8.3 
8.2 
8.2 

8.0 
8.0 
7.9 

7-7 

7.6 


9-4 

9-9 

10.3 

9.7 
10.2 
10.6 

10.4 
10.7 
11.0 

10.5 
10.8 


Series  a. 


In.>    In.«    In.    In.    In 


8"xi"  Web  Plates. 


10.76 
12.92 
15.00 

11.76 

14.44 
17.00 


94 
119 

143 
104 
162 


2.95 
3-04 
3.09 

2.97 
3.0s 
3.09 

3.05 
3.07 
3.08 


5.3 
5-3 
5-2 

S-i 
SO 
4.9 

4.6 
4.4 


6.3 
6.6 
6.9 

6.7 
7.0 


6.9  17. 
7.* 


92 
21.00 
23.92 


io"xr  Web  Plates. 


12.26 
14.42 
16.50 

13.26 

15.94 
18.50 

17.42 
20.50 
23.42 


162 
205 
244 

179 
229 
276 

252 
305 
353 


3.63 
3.77 
3.85 

3.68 

3-79 
3.86 

3.80 
3.86 
3.88 


6.9 

6.7 
6.7 

6.6 
6.1 


7.3 
7.8 
8.4 


7.8 
8.2 
8.( 


8.5 
8.7 
8.9 


I2"x|"  Web  Plates. 


13.76 
15.92 
18.00 

14.76 

17.44 
20.00 

18.92 
22.00 
24.92 

20.44 
24.00 

2744 


256 
324 
379 

282 
358 
428 

392 

473 
548 


4.32 
4.51 
4-59 

4-37 

4.63 

4.69 


5164.64 
5994.67 


8.3 
8.4 
8.5 

8.2 
8.2 
8.2 

7.9 
7.9 
7.9 

7.6 
7.5 


9.4 18 


9.0 

9.4 
9.8 

9.3 
9.7 
10. 1 

9.9 
10.2 
10.6 

lO.O 

10.3 
10.6 


Series  3. 


In.t 


In.« 


8"x|"  Web  Plates. 


12.76 
14.92 
17.00 

13.76 
16.44 
19.00 


105 
130 
154 

"5 
145 
173 

159 
190 
218 


2.87 
2.95 
3.01 

2.89 
2.97 
3.02 

2.98 
3.01 
3.02 


5.4 
5.4 
5.3 

5.1 
5.0 

4.9 

4.7 
4.5 
4.3 


6.1 
6.5 

6.0 

6.7 


6. 

6.9 

7.1 


.6  19. 


io"xJ"  Web  Plates. 


14.76 
16.92 
19.00 

15.76 

18.44 

.6  21.00 


19.92 
23.00 
25.92 


183 
226 
265 

200 
250 
297 

273 
326 

374 


3.66 
3.73 

3.56 

3.67 
3.76 

3.70 
3.76 
378 


7.0 
7.5  , 

8.0  21 


8.1 

8.0 
8.3 


I2"xj"  Web  Plates. 


16.76 
92 
21.00 

17.76 
20.44 
23.00 

21.92 
25.00 
27.92 

23.44 
27.00 

30.44 


292 
360 
415 

318 
394 
464 

428 
509 
584 

460 
552 
635 


4.36 
4.45 

4.23 
4.39 
4-49 

4.42 
4.51 
4-57 

4.43 
4.53 
4.57 


8.5 
8.9 
9.3 

8.8 

9.6 

9.4 
9.7 
10.X 

9.4 
9.8 
10. 1 


Series  4. 


In.'    In.<  In.    In.   In. 


1^ 


8"xr  Web  Plates. 


14.76 
16.92 
19.00 

15.76 
18.44 

21.00 


92 
23.00 
2592 


"5 

165 

126 
156 
184 

170 
201 
229 


2.79 
2.89 
2,95 

2.83 
2.91 
2.96 

2.92 
2.96 
2.97 


5.3 
5.2 
5.2 

5.1 
5.0 
5.0 

4.6 
4.4 


5.4 

6.1 

6.0 
6.3 

6.2 

a 


lo^xl"  Web  Plates. 


17.26 

19.42 

50 


18.26 
20.94 
23.50 

22.42 
25-50 
28.42 


204 

247 
286 


3.44-6.8 
3.56,6.8 
3.656.8 


221  3.48;6.2 
271  3.60, 


>6.6 


3183.686.6 

2943.626.4 
347I3.696.3 
395  3 72!6.2 


6.7 
7.1 
7.5 

6.9 
7.3 
7^7 

u 

8.1 


I2"x|"  Web  Plates. 


19.76 
21.92 
24.00 

20.76 
26.00 

24.92 
28.00 
30.92 

26.44 
30.00 

33.44 


328-4.08 
3964.25 
4514.34 

3544.13 
4304.28 

5004.39 

464431 
5454.41 
6204.48 

4964.33 
588443 
6714.51 


8.2 
8.3 
8.3 

8.0 
8.1 

8.2 

8.0 
8.0 
7-9 

7-7 
7.6 
7.5 


8.0 

84 
8.8 

8.3 
8.7 
9.0 

8.9 

9.6 

9.0 
9.3 
97 
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TABLE  71,--CofUinued, 
Properties  of  Four  Angles  and  Two  Plates,  Laced. 


Properties  of 

Four  Angles  and 

Two  Plates, 

Laced. 

Andes  Turned  Oat 

and 
Angles  Turned  In. 


B 


m 


ft- Width.  Back  to  Back 

of  Angles,  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

when  Angles  Are  Turned  Out. 

c  "  Same  as  b  with  Angles 

Turned  In. 

d -  Depth  of  Web  Plates+  h"- 


Series 

Z.  2.3 

and  4. 


Sixeof 
Angles. 


In. 


"     J 
"      I 


16.26 
18.94 
21.50 

20.42 
23.50 
26.42 

21.94 
25.50 
28.94 


Series!. 


In.«     In.« 


11 


In.     In. 


14"  xf"  Web  Plates. 


41450S 
520  5.24 
620  5.37 


570 
685 
791 

616 

747 
867 


5.28 
5.40 
5-47 

5.30 
5-41 
S.47 


9.6 

9-7 
9.8 

9.6 

9-3 
9.3 
9.2 


10.3 
10.9 
11.4 


19.76 
22.44 
25.00 


II. I 

II 

12.1 


23.92 
.00 
29.92 


.627. 


114 
11.8 
12.1 


Series  3. 


In.> 


I 
In.« 


In. 


In. 


In. 


I4"xi"  Web  Plates. 


2544 
29.00 

3244 


471 

677 

627 
742 
848 

673 
804 
924 


4.89 
5.07 
5.20 

5.12 

5-25 
5.32 

5.26 

5-34 


9.6 

9-7 
9.8 

^i 

^i 
9.6 

9.3 

9-3 
9.2 


10.0123.26 
10.4  25.94 
10.8  28.50 


62742 
30.50 


10. 

ii.l 

11.63342 


io.< 
11.3 


928 


735 


Series  3. 


Il 


In.>     In.«     In.    In.     In. 


14"  xf"  Web  Plates. 


94 
32.50 

94 


634 
734 

684 
799 
905 

730 
861 
981 


4.77 
4-94 
5.07 

4-99 
5.12 
5.20 

5.02 
5.15 
S.23 


9.6 
9.7 

9.5 

95 
9.5 

9-4 
9.3 
9.3 


9-5 
9 
10.3 


26.76 

44 
32.00 


929. 


10.2 

lO.I 

ii.( 


30.92 
.00 
92 


036. 


10.5 
10.8 
1 1.2 


Series  4. 


In.« 


I 
ln7 


In. 


In. 


In. 


I4"xi"  Web  Plates. 


32.44 
36xx> 

3944 


691 
791 

741 
856 
962 

787 

918 

1038 


4.67 
4.84 
4-97 

4.89 
5.02 
5.10 

4-93 
505 
S-I3 


9.6 

^i 

9.6 

95 
9.5 
9.5 

94 
94 
9-3 


9.0 
9-5 

lO.O 

9.8 
10. 1 
lo-s 

10.0 
104 
10.8 


i6"x  J"  Web  Plates. 


i6"xr  Web  Plates. 


i6"xr  Web  Plates. 


i6"xrWebPUtcs. 


3JxjJ 


f1 


4x4^ 


6x6xj 


25.92 
29.00 
31.92 

2744 
31.00 

3444 

33-44 
39.00 

44-44 
49.76 


873 
1028 
1 172 

937 
1113 


1 165 
1413 
1647 
1867 


12.029. 


5.80J11.0' 
5.96'ii.i 
6.06, 1  I.I  i  12.8 


921  959  5-66 

11145.81 

35.92  1258  5.92 


12433.00 


12766.09 


5.84  10.9  12.1 
5.99  10.9  12.5 


6.12 


6.02 

6.09  9.6 
9.5 


10.9 

9.8 
9.7 


3144 
35.00 


13.0  3844 


12.8 
13.2 
13 


.648, 
14.0  53 


3744 
43.00 


s 


10235.71 

1 199  5-85 
13625.96 

1251 5.78 
14995.91 
17335.98 
19536.03 


1 1.0 
1.0 

11. 1 

10.9 
10.9 
10.9 

9.8 

9.7 
9.6 

9-5 


11.533.92I1044I5.53I10.9I11 
11.937.00  11995.69  ii.o  1 1.5 
12.3  39.9211343  5.80  1 1.0  II 


037, 


3544]  1 108 

239.00  1284 

1447 


11.7 

12. 

12.6,4244 


12441.44 
47.00 

52.44 
.76 


12.8 
13.2 
13 


6  57.: 


5.60 
5-74 
5.84 


1336  5.68 
15845.81 
18185.89 
20385.94 


10.9 
10.9 
10.8 

9.9 
9.8 

9.7 
9.6 


92^1129546  10.9'  10.5 

4 1 .00  1 284  5 .60  10.9  II  .0 

92I1428  5.70  ii.o|  1 1.5 


943 


1 1.5 
11.8 
12.1 


39.44;  "93,5.50;  10.81  ii.i 
43.0013695.64,10.81114 
4644  1532  5.74  10.8  11.7 


12.I 
12. 
»3 
134J 


65 


45.44  1421  5.60 

1.00  1669  5.72 

56.44190315.81 

6i.76'2i23l5.87 


10.2 

10. 1 

10.0 

9.9 


11.6 
12.1 

12.5 
12.9 


i8"xr  Web  Plates. 


I8"xr  Web  Plates. 


i8"xr  Web  Plates. 


i8"xi"  Web  Plates. 


3ix3|x 


P^\ 


6x6xj 


27.92  1 171 
31.001373 
33.921561 

29441256 
33.00  1485 
36441699 

41.00  1884 
464^  2191 
5i.76;2482 
56.92' 2762 


6.49  12.4  13.2 

6.66;  12.6' 13 

6.78  12.7,14.238.42, 


3242;  1293:6.321 


7  35 


6.53 
6.71 
6.82 


50.1x95.6.^1 
16836.6a' 


124!  12.8 

32.513.3 
12.6  13 


36.92  1414 
40.00  1 6 16 
.92  1804  648 


742 


124; 
12.5 
12.6 


6.78  11.5' 
6.87  1 1.3 
6.92  1 1. 2 
6.96  II.I 


15.2  5o.< 
15.^56.2 


6.19' 12.5]  12.5 
6.36  12.5  12. 


13.5  33.94  137P.6.38  12.2I12.9  3844  14996.25 
14.0  37.50  16^07  6.55  12.3,13442.00.1728642 
14.5  40.94/82i'6.67' 124  13.9  45.44!i942  6.54 

14.8I45  jO  2006  6.64  1 1.5!  14.3  50.00  2127  6.53 
K9±  2313  6.74  "3  14.7  55.442434  6.63 

•.2626046.80  1 1.2  15. 1  60.7627256.69 

.42  2884  6.85' I  I.I  15.5  65.92'3005|6.74 
128 


12.5  13.2 


4142 

944.50 
4742 


12.2  12.( 
12.3' 


6  42.< 


124 

11.5 
1 1.3 
II.3 

.  II.2 


94 

50 

134I49.94 


13.046. 


13.8 
14 
14 
15 


54-50 

H59.94 

.26 

.017042 


536  6^)9!  1 24  1 2. 1 
6.25  124'  124 
6.38,124  12.7 


I 

1738 

1926 


16216.14I12.1 
1850  6.31]  12.2 
2064643  12.3 


2249 
2556  6. 

2847 
3127 


12.X 
12.5 
12.9 


643  114  13.3 
6.53.1 141 13.7 
6.59  "3  H-i 
6.66  1 1. 2  14-5 


TABLE  71,- 
PmanrnxtES  of  Fock  Angles  iiKD  Two  Platss,  Laced. 


InTOpGrtics  Ol 
TwoFlsbei. 


Aai^  Tmaed  Oat 
Aaglet  Toned  Im. 


b -« Width,  BMk  to  Bftck 

of  Anglet  for  Equ«1 

Momenta  of  IfWttiA 

•boat  Axes  A~A  and  B~B 

with  Angles  Turned  Oat. 

c  ^  Sftme  M  b,  but 

with  Angles  Turned  tn. 

d  -  Depth  3  VMi  Platei  -f  «" 


Scries 
and  4. 


Sseof 


la. 


"     I 
4X4x1 

"     I 


6z6xi 


Jixji: 


1 


ri 


6x6x\ 


4f4x 


6x6xi 


8z8zj 


A 

In.* 


^1 

3l 


I       r 
In.«;  In. 


2o"xi"WcbPUte». 


29.92,1525  7.l4'i3.8l4.s 
33.0017797.3414.015.0 
35.9220177.5014.215/^ 


3144  1634  7.21 
35.00  1923  7.41 
384421947.58 


43.00 
4844 
53.76 
5892 


2436 
2828 
3202 
3561 


7.53 
7.64 
7.72 
7.79 


13.7 
13.9 
14.I 

13.I 
13.1 
13.0 
12.9 


.640. 


X4.8 
15 


16.04344 


16.2 
16. 

I 
174 


653 
7.0  58. 


aa"xf"  Web  Plates. 


37-42 
40.50 
43-42 

38.94 
42.50 

45.94 
50.50 

•1.26 
66.42 


2161 

2766 

2296 
2652 

2988 

329s 
3783 
4249 
4698 


7.60 
7.82 
7.98 

7.68 
7.90 
8.07 


15.0 15.2 

15.3 
15.5 


15.0 
15.6 


8.08 14.6 
8.22 14.6 
8.33 1 14.6 
842*14.6 


16.2 


16. 1 
16. 


17.0  56. 


17461 


17. 

i8j 


24"xr  Web  Plates. 


4144 
45.00 

4844 


2870  8.32I  16.4 
unn  S.cr^  i^.h 


33008.56 
3707|8.75 

53.004089,8.79 
58.4^146848.961 
63.76  5253  9.08 
68.92,58029.18, 


16.6 
16.8 

16.2 
16.2 
16.2 
16.2 


;|i5.3 

"15.1 
,15.0 


16.7 
17.3 
17 


184 
i8.( 
19.3 
19.8 


i< 
I' 

20.1 
20.5 


Series  >. 


1^1  -i 

II  it 


In.>     In.«    In.    In.    In, 


20"x|"  Web  Plates. 


34.92  1691 16.96  13.7114.0 

38.00,194s  7.15, 13.9;  145 
.92  21837.3 1. 14.0  15.0 


36.44 
.00 


48.00 


^ 


63.92 


18007.03I13.6 
2089  7.23 '13. 8 
2360  7.37  13.9 


2602  7.36 
2994  7.49 
336817.57 
372717.64 


13.2 
13.1 
13.0 
12.9 


14.2 
14.8 
15.3 

15.6 
16.1 

16.9 


22"x|"  Web  Plates. 


42.92  2383  745  14.9 


746. 


,00  2695  7.68 
48.9212988  7.82 


44.44'25i8  7.54 

48.00  2874  7.74 

751.4432107.90 


15.2 
154 

15.0 
15.2 
154 


►.0035177.93  14.6 

.44*4005  8.08  14.6 

►.764471,8.1914.6 

71.92  4920  8.27!  14.6 


,966. 


14.8 

15.3 
15.8 

15-2 

16.2 

,6.s 

16.9 

174 
17.8 


24"xr  Web  Plates. 


47.44  3158J8.16 

5ix)0  3588  8.47 

9  5444  3995  8-57 


59.oo!4377 
.44'4972 
69.765541 
74.926090 


964 


9.067. 


8.62 
8.79 
8.92 
9.021 


16.3 
16.5 
16.7 


16.3 
16.9 
»74 


9.6  74.. 


xxysoSo  8.69! 
.  .-4^  5825:8.851 
81.766556,8.96 
88.92  7264I9XH, 


16. 1 17.9 
16.1 184 
16.2I18.9 
16.2  19.3 


f.00  4772  8.85 
44'5537,8.98j 
.7662689.11' 
.92  69769.16  .j.^, J  ^^.^,  , r  7— r,-:>—  -:7'Tq   7T-7-  /j;»-  "'^^i-j—  -7.TI •^', ^-.-j-.-/— 

11901007653  9.22  14.9  20.8  96x)0  7941  J9.io|  14.9  20.2  I02X)0  8229  8.99  14.9  19.7  io8x)0.8.89|  15,2  19.5 


15.3 18.5 
15.2  I9.I 

15.1,19.6 
15.0 19.9 

14.9  20. 


Series  3* 


In.*      In.«    tn.    In.    In, 


20"xr'  Web  Plates. 


59.92Ji858|6.83S3.6'i3.5 
43.00  21127.02  13.8,14.0 
45.92  2350  7.15' 13.9  14.5 


41-44 
45.00 

48.44 

53.00 

63.76 
68.92 


1967 
2256 
2527 

2769 
3161 
3535 
3894 


6.89!  13.6 


7.08 
7.23 

7.23 
7.36 
745 


137 
13.9 

13.3 
13.2 
13.1 
12.9 


13.8 
14.8 

IC.6 
16.0 
164 


2a"xJ"  Web  Plates. 


48.42 
51.50 
54.42 

49.94 
53.50 
56.94 


2605 
2917 
3210 

2740 
3096 
3432 


61.50  3739 
66.94  4227 
72.264693 
7742  5 '42 


7.34,14.9 
7.53,15.1 
7.67;  15.3 

7.41x5.1 
7.61  15.2 
7.76,15.3 


14.8 

X5«3 

14.8 
X5.3 
15.7 


7.80' 14.6  16. 1 
7.93  H.6  16.5 
8.05  14.6  16.9 
8^514.617^ 


24"xi"  Web  Plates. 


53.44  3446|8.03|i6.ijx6. 
57.00  3876  8.25' i6.aI  16.5 
60.44  4283  842 j  16.6!  i6.( 


65.004665,8.47 
70.44  5260  8.64' 

75.76  5829  8.77; 
80.9263788.881 


16.0  i7.i 

16.0  1 7.< 

16.1  18.3 
i6.|l|8.r 


r'i7T"-| 


73.00  5348  8.56 
80.446113  8.72 
87.7668448.84 
94.927552  8.93; 


20"xr'  Web  Plates. 


40.000.90  13.0 
50.92  7.03  13.7 


46.44 
50.00 

53.44 

58.00 

63.44 
68.76 

13-92 


6.78  13.5 
6.96  13.6 
7.10  137 


7.12 
7.24 
7.34 
742 


134 
13.3 
13.1 
12.9 


X3.0 

X3.5 
14.0 

t3.3 

13.8 
14.2 

14.2 

14.7 

15-7 


22"xl"  Web  Plates. 


53.92 
57.00 
59.92 

55.44 
59.00 
62.44 

67.00 
72.44 
777^ 
82.92 


7.24;  14.8 
743  X5'0 
7.57  15.2 

7.30  15.1 
7.Si;i5i 
7.6515.1 

7.6914.6 
7.8314.6 
7.9614.6 
8.04I14.5 


13.9 
144 
14.9 

14.2 
«47 
«5'3 

IC.6 
16.0 

16.5 

16.9 


24"xi"  Web  Plates. 

7944  7.93  16.0 ~u.6 
63.008.14  16.3  16.0 
66.44  8.30  16.5  16.4 

71.008.36  16.016.9 

.76.448.5316.0174 
81.768.6616.1  17.8 
86.92  8.76  16.1  18.3 


79.oo,8.i5!i5.3 
86.448.60,15.3 
93.76  872' 15.3 


15.3  18.0 
15.2  18.6 

15.I19.I  —   ,-..,. 

I5X>  19.4  100.92  8.82  15.2  19X> 
14.9  19.-" -«  —  «»•-—'- - 


18.0 
18.5 


129 


TABLE  1\,— Continued. 
Properties  of  Four  Angles  and  Two  Plates,  LACEa 


Properties  of 

Four  Angles  and 

Two  Plates. 

Laced. 

Angles  Turned  Out 

and 
Angles  Turned  In. 


b  -  Width,  Back  to  Rack 

of  Angles,  for  Equal 

MomenU  of  Incatia 

about  Axes  A-A  and  B-B 

for  Angles  Turned  Out. 

c  ■■  Same  as  b.  but 

with  Angles  Turned  In. 

d-  Depth  of  Web  PUtea+  V, 


Series 
i.a.3 
and  4. 


Series  i. 


Series  a. 


Series  3. 


Series  4. 


2I 


II 


I 


if 


II 


il 


b  I 


In. 


In.« 


In.« 


In. 


In.     In. 


In.s 


In.« 


In. 


In. 


In. 


26"  xT  Web  Plates. 


26"  xf"  Web  Plates. 


4^x1 

<(   \ 

u     I 

i 


43-94 
47-50 
50-94 
5550 
60.94 
66.26 
71.42 
63.50 

70.94 
78.26 
85.42 
9^50 


3526;  8.96 
4039  9.23 
4523,  942, 
4990  9.48 
5702!  9.68 
6385!  982 
7043  9-94, 
58x8  9.58 


17.7I18.0 
18.0' 18.6 
18.2  19.2 


6737 
7617 
8471 


9.75 
9.88 

996, 


17.7 
17.8 
17.8 
179 
16.8 
16.8 
16.8 
16.7 


19.7 
20.2 
20.8 
21.3 
20.5 
21.0 
21.6 
22/) 


9289  10.02  16.6122.3 


50.44 
54.00 

57.44 

62JOO 

67.44 
72.76 
77.92 

70JOO 
7744 
84.76 
91.92 
99-00 


3892 
4405 
4889 

5356 
6068 
6751 
7409 
6184 
7103 


8.79' 17.6I  17.6 
9.05  17.8  18. 1 


9.23  18. 1 

9-29  177 
949  17'7 


9.64 
9.76 
9.40 
9.58 


7983   9.71 


8837 
9655 


9.81 


17.8 
17.9 
16.8 
16.8 
16.7 
16.6 


9.88  16.6 


18.7 
19.2 

19 

20.2 

20.8 

20X> 
20.4 
20.9 
214 
21 


9  105 


In.> 


In. 


In. 


In. 


In.> 


In. 


In.  ,  In. 


26"xr  Web  Plates. 


26"xi"  Web  Plates 


56.94 

60.50 

63.94 
68.50 

73.94 
79.26 
8442 
76.50 

83.94 
91.26 
9842 
50 


8.63 

8.88 

9.07 

9.1517.6 

9.34;  17.6 

9.47,17-7 

9.60  17.8 

9.2616.8 
9.44*16.8 
9.56!  16.7 
9.6716.6 
9.76-16.6 


17.5  17.I 

17-7  X7. 
18.0  18.2 

18.7 
19.2 

19.7 
20.2 

194 

19 
204 
20.9 
214 


63.44 

8.54 

67.00 

8.76 

7044 

8.94 

75.00 

9.02 

80.44 

9.20 

85.76 

9-34 

90.92 

9.46 

83.00 

9.13 

9044 
97.76 

9.32 

945 

104.92 

9.56 

112.00 

9.64 

I7.4II6.6 
17.6' I7.I 
17.9,17.7 
17.5  I8.I 
I7.5I8.6 
17.6]  19.1 
17.7119.6 
16.8 18.8 
16.8  19.3 
i6.7|i9.8 
1 6.6;  20.3 
16.6!  20.8 


28"xr  Web  Plates. 


28"xrWcbPUtcs. 


28"x  I"  Web  Plates. 


28"x  ij"  Web  Plates. 


4X4x1 


1 

8x8x1 


53.44 

g:~ 

65.00 

70.44 
75.76 
80.92 

73.00 
80.44 
87.76 
94.92 

X02.00' 


4728 

5329 
5898 

6458 

7299 
8106 
8885 

7447 

8536 

9579 

10594 

1 1568 


941 
9.67 
9.88 

9.97 
10.17 
10.35 
1047] 


i8.8|i8.6 
19.1I19.3 
19.9 
20.4 
20.9 
21.5 
22.0 


10.30, 

1045 
10.56 
10.65! 


194 
19.0 
19. 1 
19.2 
19.3 

18.3 
18.3 
18.3 
18.3 
18.3 


21.2 
21.8 
224 
22.8 

22J 


60.44 

64.00 

6744 

72.00 

77.44 
82.76 

87.92 

80.00 

87.44 
94.76 

101.92 
109.00 


5185 
5786 

6355 
6915 
7756 
8563 
9342 

7904 
8993 

10036 
II05I 
12025 


9.27' 18.8 


9.51 
9.71 

9.81 
10.01 
10.21 
10.31 

9.94 

10.14 


19.0 

19.3 


19.0 

19. 1 

19.2 

18.3 
18.3 


184 
18.9 

19.5 


18.9 19.9 


I0.30II8.3 

1042;  18.3 

10.50:18.4 


204 

21.0 
21.5 
20.7 
21.2 
21.7 
22.2 
22.8 


6744 
71.00 

7444 
79.00 

84.44 
89.76 
94.92 

Z7JOO 

9444 
101.76 


9.15 

9.38 

9.57 

9.66 

9.87 

10.03 

10.16 

9.81 

10.00 

10.15 


108.92  10.27 
II  6.00I  10.37 


18.717.8 


4I 


19.0 
19.2 
18.9 
19.0 
19. 1 
19.2 

184 
184 
184 
184 


18.3 
18.9 
19.5 
20.0 
20.5 

2IX> 
20.2 
20.7 
21.2 
21.7 


7444!   9.05;  18.6' 174 
18.9  18.0 


18.4  22.3 


78.00;   9.27, 
81.44;   9.45, 

86u»!  9.55; 

91.44  9.74, 

96.76:  9.90 

101.92  10.03 

94.00;  969 
101.44.  990 
108.7610.03 
115.92  10.06 
123.00:10.25 


19.1,18.5 
X  8.8  19.0 
18.919.5 
19.0  20.0 
I9.i|20.5 
18419.7 
18.420.3 


184 
184 
184 


20.9 
21.3 
21.8 


30"xr  Web  Plates. 


30"  xi"  Web  Plates. 


3o"x  I"  Web  Plates 


30"xir  Web  Plates. 


4x4x1 

(C        1 

«     1 

6x6xi 

::! 

8X8XJ 
"1 


5644 
60.00 

6344 
68.00 

7344 
78.76 
83.92 
76.00 

83.44 

90.76 

97.92 

105.00: 


5670 
6367 
7027 

7690 


10.02 
10.30 
10.51: 
10.64' 


86;f6' 10.86 
9613I11.05' 

I0522:il.20| 
885710.78! 
10129  11.02' 
11352  1X.20 
12541:11.32 
136851142 


20.1 119.9 
20.5  20.6 
20.8J21.2 
20.5  21.7 
20.7  22.2 
20.922.8 
21.0  234 


19.9 
19.9 

19.9 
20X> 
20X> 


63.94 
67.50 

70.94 
7550 
80.94 
86.26 

9142 
83.50I 

90.94 

98.26 

10542 


22.5 
23.0 
23.6 
24.1 
24.7112.5014248:11.25 


6233I  9.88 
6930I1O.I2 
7590:10.35 

8253;i046| 
9233 '10.68. 
10176,10.86' 
11085:11.02 
9420,10.62 
10692,10.85 
11915  11.02 
13104111.15 


20.0 
204 
20.7 
20.4 
20.6 
20.7 


19.5 
20.0 
20.5 
21.2 
21.8 
22.3 


20.922.9 

2OX>22j0 


20.1 
20.2 
20.2 
20.224.2 


22.5 
23.6  1 


•r 


7144 
75.00 

7844 
83.00 
8844 
93.76 
98.92 

91J00 

9844 
105.76 

12.92 
120.00 


9.76 

10X)0 

10.20 

10.30 


20.0  19.0 
20.3119.6 
20.5  20.2 
20.3120.8 


10.51 20.5  214 

10.70  20.6  21.9 
10.85  20.8  22.5 
1046;  r9.8  21.5 


78.94 
82.50 

85.94 
90.50 


19.9I18.6 

20.2;  19.2 

ibx)6'204i9.7 


9.56'; 


10.18 


-   I     ic      .u  95-94' 1040 

10.70I20.6  21.9  101.26  10.56 

1064210.71' 

98.5010.35' 

05.94!  10.56 

22.61113.26,10.73' 

12042:10.90! 

7I127.50  10.98 


22X)  105. 


10.70;I9.8 
10.85  19.8 

iixx>:  19.9  23.1 

II.I1I19.923 


I 
20.2  20.3 

20.4^20.8 

20.5  214 

20.7*21.9 

19.921.1 

20X>;2I.8 

20.1 '224 

20.1  22.9 

20.1234 
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TABLE  71.— OwlmtMi. 

P&OFBRTIBS  OF  FoUR  ANGLES  AND  TWO  PLATBS,  LaCED, 


Ptopertks  of  * 

Four  Allies  and 

Two  Plates.  Laced. 

Angles  Tarned  Oat 

and 
An^es  Turned  In. 


b  -  Width.  Back  to  Back 

of  Anvlea.  for  Bqual 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

with  AniileA  Turned  Out. 

c  m  Same  as  b.  for 

Anxles  Tume<l  In. 

d  -  Depth  of  Web  Plates  +  T 


Series 

and  4. 


Series  i. 


Series  a. 


Series  3. 


In. 


In.« 


In.« 


In.  I  In.     In. 


In.s       In.«       In.      In.     In. 


In.a 


In. 


32"x}"  Web  Plates. 


32"xi"  Web  Plates. 


In.    In, 


32"xi"  Web  Plates. 


In.a   I   In.     In.    In. 
3a"xir  Web  Plates. 


4Mi 
((    ' 

6x6xi 

"! 

"  i 

8x8z} 

Si 


5944 
63  UX) 

6644 
71.00 
76.441 
81.761 


6725 

7525 
8284 

9058 

10189 

1277 


86.92  12328 
79.0010419 
8644' 1 1890 

93-76;i330S 
100.92  14683 
108.00' 1601 1 


10.65 
10.94 
II. 16 
11.30 

11-55 
11.75 
11.90 
11.50 

11.74 
11.92 
12.06 
12.18 


21.4 
21.8 
22.1 
21.8 
22.0 
22.2 
22.4 
21.3 

21.6 
21.6 
21.6 


21. 1 
21.8 
224 
23.0 
23.6 
24.2 
24.8 
23.9 
24.6 

25.3 
25.8 
26.2 


67.44 
71.00 

74.44 
79.00 
84.44 
89.76 
94.92 
87.00 

94-44 
101.76 
108.92 
116.00 


7408 
8208 
8967 

9741 
10872 
11960 
1 301 1 
11102 
12573 
13988 
15366 
16694 


1047 
10.75 
10.97 
11.11 
11.35 
"•55 
XI.72 

11.30 
11.55 
11.71 
11.89 
12.00 


21.3 
21.7 
22.0 

21.7 
21.9 
22.1 
22.3 
21.3 
214 
21.5 
21.5 

liii 


20.7 
21.3 
21.9 
22.5 
23.1 
23.6 
24.2 
23.3 
24.0 

24.7 
25.2 
25.6 


75.44 
79.00 
82.44 
87.00 
92.44 
97.76 
102.92 

95.00 
102.00 
109.76 
116.92 
124.00 


10.35 
10.60 
10.82 
10.95 
II. 18 

"37 
11.54 

11.14 
11.40 

".55 
11.72 
11.85 


21.2 
21.6 

2X.8 
21.6 
2X.8 

21.9 

22.1 
21.2 
21.3 
214 
214 
2J4 


20.2 
20.8 
214 
21.9 
22.5 
23.1 
23.7 
22.8 

23.3 
24.1 
24.6 
25.1 


83.44 
87.00 

90.44 
95.00 
100.44 
105.76 
I  XO.92 
103.00 
"O.44 
II7.7W 
124.92 
1^2.00 


10.25 
10.50 
10.70 
10.80 
11.04 
"•23 
11.38 
11.00 

11.35 

11.42 

11.57 
11.70 


21. 1 
214 
31.7 
21.5 

21.8 
22.0 
21.2 
21.3 
21.3 
21.3 
21.3 


X9.8 
30.4 
30.9 

314 

32.0 
32.5 
23.1 
22.2 
22.9 

33.5 
24.0 

H'5 


34"xi"  Web  Plates. 


34"xi"  Web  Plates. 


"    I 

6x6x1 


8x8x1 


62.44 
66m 
6944 
74.00 
7944 


7899 
8809 

9673 
10568 
11860 


84.76113105 
89.9214307 


11.25 

11.55 

11.80 
11.95 

12.23 

12.45 

12.63 

12.16 


82X)o|i2i38i 
89.44. 13823 1 1244 
96.76J  154471 12.65 
103.92;  17027' 1 2.8 1 1 23.1 


22.6 
23.0 
234 
23.2 
234 
23.7 
23.9 

22.8 
22.9 
23.1 


82.5011387 
87.9412679 
93.2613924 
9842  15126 

90.50,12957 

7 105.26 16266 

-  .  .  -  ,  .       .  2  ii2.42>7846, 

"1.00  18554  12.97I23.2I27.7I1 19.50  19373; 


22.2 

22.9 

23.7 

24.3 

24.9 

25.6 

26.2 

25.2 

25.9 

26.; 

27.2 


8718 

9628 

77.94;  10493 


70.94 
7450 


11.08 
11.37 
11.60 

11.75 
12.02 
12.23 
12.37 
11.97 
12.24 

ILS 

12.75 


22.5  21.8 
22.9  22.5 


23.3 
23  x> 

23.2 

23.5 
23.7 

22.7 
22.9 


23.2 
23.8 
24.3 


25.7 
24.6 


23  X)  26.1 
23  x>  26.6 
23.1I27.1 


34"xi"  Web  Plates. 


214 

22X> 
22.6 

23-3 
23.8 

24.5 
25.2 

24.8 
25.5 


79.44 
83.00 

86.44 

91.00 

96.44 

25.01 101.76 

106.92 

99.00 

113.76 


4 106.-^ 


10.95 
11.21 
11.45 
11.58 
11.84 

I2X>3 

12.20 
11.80 

12J06 

12.25 


120.92  12.44 


22.4 

22.8 
23.1 
22.9 
23.1 
23.1 
23.6 
22.6 
22.8 
22.9 


104.94 
XXO.26 

11542 

107.50 


23X>26.0 


36"xr'  Web  Plates. 


36"xJ"  Web  Plates. 


128.00  12.55  23. 1 '26.5 
36"xi"  Web  PUtes. 


6x6x1 


8x8xi 


6544 


9199! 


69xx>  10225 


i 


7244 

TJjocy  12227 
8244  13690 
87.76 15102 
92.92  16466 
85JOO 14022' 

924415935 

99.7617782 

106^92  19580 

IL4JO021318 


1 1.85123.9' 234 
12.1824.3  24.1 
1245:24.7  24.9 
12.60  24.6  25.5 
12.8524.8  26.2 
13.12  25.1  26.8 
13.32  25.3  27.5 
12.85  24.3  26.5 
13.14  24.5  27.3 
13.36  24.7  28.1 
13-55  24.7  28.6 
13^24^29.1 


7444|  10171 
78u»jiii97 
8144.12173 
86x)0>i3i99 
914414662 
96.76  16074 
101^92  17438 

94X)o  14994 

10144  16907 

106.76  18754 

20552 

123.00  22290 


28j6  115^92 


ii.7o!23.9J23jO 

11.97l24.2;23.7 

12.23124.5244 

i240  244i25.o 
12.66*24.8  25.8 
1 2.90' 25. 1. 26.5 

13^25.5 

12.6424.2' 

12.92244 
13.1424^2741117 

i3.32'24j6 
1345  24.7  2^5 
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83.44111-5523.922.7 
87X)0|  11.84  24.2;23.3 
90.44: 12X)6  24.4123.8 

95X)o;i2.22  24.3 
10044124824.725.3 
105.7612.7024.825 

10.92  12.90  25^  20.3 


34"xii"  Web  Plates, 

87.94  10.85  22.321.0 
91.50  11.10  33.7  21.6 
94.94  11.30  23.0  32.1 
99.5011.4533.733.8 
n.70  32.9  33.3 
11.89123.223.9 
12.05,234244 
11.6522.533.5 
114.94  II. 90,22.7  34.3 
1 22.26;  1 2. 10  33.824.9 
129.42,12.3822.925.4 
IJ6.5O  13.4023.025.9 

36"x  I  r  Web  Plates, 

92.44|ii45'33'5l23.l 
96^)0  1 1. 7023.8  22.8 
99.44-11.9124.223.3 


24.4  104.00 


126.9  1 
25.9  103.00 


1245  24X>  25.3 
10.44 12.74  24.2  20.1 
.76  I2>95  244  26.8 
13.0924.527.3    _ 
132.00 13.25  24J6  27  J  14 


^26.6  I 


28  jO  124^92 


1 2.06' 24 J  23^ 

109.44 13.30  247  24/y 

7111476 12.54  252  35/y 

119.92  12.71  2$.8  2<//^ 
112.00  12.3023/;  24.7 

119.44  12-57  241254 
126.7612.7^24.3  2//.  I 
i33>92  n//*  24.4  26.7 

IjOO  i$.i2  24.5  27.1 


TABLE  72. 
Propbrtibs  of  Four  Angles  and  Four  Plates. 


Properties  of 
Foot  Aaglcft  mm 
or  Plates. 


Fonr 


Edfres  of  Anglrs  Flush  witli 

Edges  of  CoTcr  Plates. 

d-Depth  of  Web  Plates  Phis  V* 


Scries  x,  a  and  3. 


Series  X. 


Series  9. 


Series  3. 


Sice  of 
Andes. 


I 


In. 


AzIsA-A. 


Ia.>       In.« 


11 
11 


AzIsB-a 


iJ 


In.«      In. 


PCO 


Axis  A-A. 


In.>       In.4      In.       In.« 


o  a 

I! 


AzisB-B. 


II 


1. 


3*2 


In.> 


Axis  A-A. 


•o 

ll 


In,4 


In. 


AzIsB-B 


'3  . 


In.« 


II 


In. 


12"  X  I"  Web  Plates. 


12"  X  J"  Web  Plates. 


12"  X  f"  Web  Plates. 


3x^x1 

«< 
3X2x1 

M 


i6z 

"  1 
«  J 

i6z 


25.26 
28.76 
32.26 
1794 
3144 
34-94 
30.92 
34-9* 
38.92 
34.00 
38.00 
42.00 


717 

874 

1037 

793 

950 

1113 

1069 
1254 

971 
1 150 

133s 


5-32 

5.67 
5.33 
S-50 
5.65 
5.36 

S-53 
5.68 

S.34 

564 


44* 
499 
557 
5" 
568 
626 

737 
822 

907 
840 
926 

lOII 


4.19 
4-17 
4.15 
4.28 
4.26 
4-23 
4.88 
4.8s 
4.83 
4-97 
4.94 

£92 


28.26 
31.76 
35.26 
3094 
3444 
37-94 
33.92 
37.92 
41.92 
37.00 
4ixx> 

£5£0 


753 

910 

1073 

829 

986 

1149 

926 

1 105 

1290 

1007 

1186 

1371 


5.16 

5.35 
5.5* 
5.18 

5-35 
5.53 
5.22 
540 
5-55 
5.22 
5.38 


481  4.13 


538' 
595 

607 
664 
786 

«7l, 


4.12 
4.11 
4.22 

4.19 
4.18 

4.81 

,  ,4-79 

956  4.78 

890  4.91 

975  4.88 

1060 '4.86 


31.26 
34.76 
38.26 
33.94 
3744 
40.94 
36.92 
40.92 

44.92 
40.00 
4i.oo 
48.00 


789 

5.02 

516 

946 

5.22 

573 

1 109 

5.39 

630 

865 

5.05 

585 

1022 

5.23 

642 

1 185 

5.38 

699 

962 

5.10 

833 

1I4I 

5.28 

918 

1326 

543 

1003 

1043 

S.ii 

936 

1222 

5.27 

1022 

1407 

54» 

1107 

4.06 

^•^ 

4.06 
4-»5 
4.14 
4-13 
4.75 
4-73 
4.72 

4.84 
4.82 
4.81 


14"  X  I"  Web  Plates. 


14"  X  J"  Web  PUtes. 


14"  X  f "  Web  PUtes. 


« 
3ixjJxJ 

« 

4X4X1 

(f 

K 


i8x| 


i8zl 


I8z| 


i8z] 


33.92 
38.42 
42.92 
37.00 
41.50 
46.00 

3544 
39.94 
44.44 
39.00 
43.50 
48.00 


1317 
1583 
1857 
1432 
1698 
1972 
1363 
1629 
1903 


6.24 
642 
6.58 
6.22 
6.40 
6.55 
6.20 
6.39 
6.55 


1494  6.19 
1760  6.36 
2034 '6.51 


1093 
1215 
1336 
1235 

1357 
1478 

1057 
1178 
1300 
1203 
1325 
1446 


5.68 
5.63 
5.58 
5.78 
5.72 
5.67 

547 
544 
541 
5.56 
5.52 


i6"xrWebPUtet. 


3742 
41.92 
4642 
40.50 
45.00 
49.50 
38.94 
4344 
47.94 
42.50 
47.00 
5«.50 


1374 
1640 
1914 
1489 

1755 
2029 

1415 
1686 
i960 

1551 
1817 
2091 


6.06 
6.26 
642 
6.07 
6.30 
641 
6x>3 
6.23 
642 
6.04 
6.22 
6.38 


1183 
1304 
1426 
1325 
1446 
1568 
1130 
1251 

1373 
1276 

1397 
1519 


5.62 
5.58 
5.54 
5.72 
5.67 
5.63 

5.39 
5-37 
5.35 
548 
545 


40.92 

45.42 
49.92 
44.00 
48.50 
53.00 

4244 
46.94 

51-44 
46.00 
50.50 

55:~ 


6.12 
6.28 
5.93 


143 1 
1697 

1971 

1546,.^,. 
1812  6.12 
2086,6.28 

1473  '5.89 
1743  6.10 
2017  6.26 
1608  '5.91 
1874  6.09 
2148  6.25 


1268 
1390 
1511 
14 10 
1532 
1653 

1198 
1320 
1441 

1588 


5.57 
5.54 
5-51 
5.66 
5.62 
5.60 

5.33 
530 
5.29 
541 
5.39 
5.38 


16"  X  J"  Web  Plates. 


16"  X  r  Web  PUtes. 


Sixjjzl 
Jjxjixj 

4x^J 


20Z 
20ZI 

2az 


41.92 
46.92 
51.92 
45.00 
5aoo 
55.00 

4344 
4844 
5344 
47.00 
52.00 
57.00 


2234 
2622 
3022 
2389 
2777 
3«77 
2298 
2686 
3086 

2474 
2862 
3262 


7.30 
748 
7.63 

7.29 
745 
7.56 

7.28 

;« 

7.26 
742 
7.55 


I716 
1883 

2049 
1903 
2069 
2236 
1674 
1840 
2007 
1869 
2035 
2202 


640  45.92 
50.92 
55.92 
49.00 
54.00 
59.00 

4744 
5244 
5744 
51.00 
56.00 
6ix)0 


6.34 
6.28 
6.50 
6.43 
645 
6.21 
6.16 
6.13 
6.31 
6.26 
6.22 


7.11 
7.29 
746 
7.11 
7.28 


2319 
2707 
3107 

2474 
2862 
3262  744 

2383  7.09 
2771  7.27 
3171  743 
2559  7.09 
2947  7.26 
3347  741 


1863 
2030 
2196 
2050 
2217 
2383 

1797 
1964 
2130 
1992 


6.37 
6.32 
6.27 
647 
641 
6.35 

6.16 
6.12 


49.92 
54.92 
59.92 
53.00 
58.00 
63.00 

«144 
5644 


6jog  6144 


6.25 


55.00 
60.00 


2158  |6.2I 
2325  6.19165.00 


2405 

2793 
3193 
2560 
2948 
3348 
2469 
2857 
3257 
2645 
3033 
3433 


6.94 
7.13 
7.30 
6.95 

7.14 
7.30 

6.93 
7.12 
7.28 
6.94 
7.11 
7.27 


2004 
2171 

2337 
2191 

2357 
2524 
1915 
2082 

2249 
21 10 

2277 


6.34 
6.29 
6.25 

643 
6.38 

6.33 
6.10 
6.07 
6.05 
6.20 
6.16 
6.13 
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TABLE  12,— Continued. 
Properties  of  Four  Angles  and  Four  Plates. 


Properties  of 

Four  Aisles  and 

Four  Plates. 


Edges  of  Angles  Flush  with 

Edges  of  Cover  Plates. 

I »  Depth  of  Web  PUtes  Plus  \". 


Scries  x,  a  and  3, 


Size  of 
Angles. 


In. 


In 


Series  X. 


1 


In.s 


Axis  A-A. 


In.« 


^ 

p2o 


In. 


Axis  B-B. 


In.4 


18"  X  \"  Web  PUtes. 


Series  s. 


Axis  A-A. 


it 


In.«      In.«      In.       In.*       In. 


Axis  B-B. 


I 

a 


g-2 


Series  3. 


I 


18"  X  f "  Web  PUtes. 


Axis  A-A. 


1^ 


1^ 


In.<       Iii.<      In.       In.<     In. 


Axis  B-B. 


s-| 


18"  X  i"  Web  Plates. 


« 

U 

4X4X1 

(C 

M 

4x^J 


22Z) 


22X1 
"I 

"! 


49.92 

S54* 
60.92 
53.00 
58.50 
64.00 

S1.44 
56.94 
6244 
SS-oo 
60.50 
66.00 


3158 
3686 
4229 
3360 


4431 
3H3 
3771 
4314 
3472 
4000 

4543 


7.97 
8.15 

7.96 
8.16 
8.32 

7.94 
8.14 
8.32 

7.95 
8.13 
8.30 


2564 
2786 
3008 
2802 
3023 
3H5 
2484 
2705 
2927 

2734 
2956 

3178 


7-17 
7.10 
7.03 

7-^7 
7.20 

7.13 
6.95 
6.89 
6.85 
7.00 
7.00 
6-94 


54.42 
59.92 
6542 
57.50 
63.00 
68.50 

55.94 

^•^ 
66.94 

59.50 
65.00 

7050 


3279 
3807 
4351 
3481 
4009 
4553 

3364 
3892 
4436 

3593 
4121 

466s 


7.76 
7.98 
8.16 

7-79 
7.98 
8.15 
7.76 
7.96 
8.14 

7-77 
7.96 


2780 
3002 
3224 
3018 
3239 
3461 
2669 
2891 

3"3 
2919 
3 141 
3363 


7.16 
7.11 
7.02 
7.25 
7-17 
7." 
6.91 
6.86 
6.81 
7.01 
6.95 
6.91 


58.92 
6442 
69.92 
62XX) 
67.50 
73.00 
60.44 
65.94 
71.44 
64.00 
69.50 
75.00 


3401 
3929 

4472 
3603 
4131 
4674 
3486 
4014 
4557 
3715 
4243 
4786 


7.60 
7.81 
8.00 
7.63 
7.82 
8.00 

7-59 
7.80 
8.00 
7.62 
7.80 
8.00 


2989 
3211 
3432 
3226 

3448 
3670 

2849 
3071 
3293 

3099 
3321 

3143 


7.13 
7.06 
7.01 
7.22 
7.15 
7.09 
6.87 
6.82 
6.79 
6.96 
6.92 
6.88 


20"  X  J"  Web  PUtes. 


20'?  X  f "  Web  PUtes. 


ao"xr  Web  PUtes. 


3ix^,W 

3ix;.ixl 

« 

4X4xf 


"I 

<«   s 


57.00 
63.00 
69.00 
59.92 
65.92 
71.92 
59.00 
65.00 
71.00 
6244 
68.44 

7444 


4426 
5127 

ss 

5365 
6082 

4571 
5271 
5988 
4841 
5542 
6259 


8.83 
9.02 
9.22 
8.82 
9.02 
9.22 
8.80 
9.01 
9.18 
8.80 
9.00 
9.17 


3717 
4005 
4293 

3999 
4287 

4575 
3640 
3928 
4216 
3952 
4240 
4528 


8.08 
7.98 
7.88 
8.18 
8.06 
7.98 
7.86 
7.77 
7.71 
7.96 
7.87 
7.80 


62.00 
68.00 
74.00 
64.92 
70.92 
76.92 
64.00 


70.00 
76.00 
67.41 
73.44 
79.44 


4593 
5293 
6011 
4831 

5531 
6249 

4737 
5437 
6155 
5008 
5708 
6426 


8.61 
8.83 
9.01 
8.62 
8.84 
9.02 
8.60 
8.82 
9.01 
8.62 
8.82 
9.00 


4031 

4319 
4607 

4313 
4601 
4889 
3916 
4204 
4492 
4228 
4516 
4804 


8.07 
7.98 
7.89 
8.15 
8.06 
7.97 
7.84 
7.78 
7.70 
7.92 
7.84 
7.78 


67.00 
73.00 
79.00 
69.92 
75.92 
81.92 

69.00 
75.00 
81.00 
72.44 
78.4* 
8444 


4759 
5460 
6178 
4997 
5698 
6416 

4903 
5604 
6322 

5174 
5875 
6593 


845 
8.65 
8.85 
8.46 
8.67 
8.86 

844 
8.65 
8.84 

111 

8.85 


4337 
4625 
49»3 
4619 

4907 
5195 
4184 
4472 
4760 
4496 
4784 
5072 


7.89 

8.12 

8.0^ 
7.9^ 
7.79 
7.73 
7.67 
7.88 
7.80 
76 


22"  xr  Web  PUtes. 


22"  X  r  Web  PUtes. 


22"  X  r  Web  PUtes. 


« 

3ix;.lxf 

4xjjxJ 

« 

4*4x1 


28x| 
28x| 

■5'! 

28zf 


70.00 

77.00 
84.00 
72.92 
79.92 
86.92 
72.00 

79.00 
86.00 

75.44 
82.44 

89.44 


6933 
7930 
8949 

7226 
8223 
9242 
7112 
8109 
9128 

7418 
8445 
9464 


9.96 

10.15 

10.32 

9.96 

10.15 
10.31 

9.95 

10.13 
10.30 
9.94 

10.12 
10.28 


6351 
6808 
7265 
6758 
7216 

7673 
6276 

6733 
719I 
6731 
7188 
7646 


9-53 
9.40 
9.31 
9.63 
9.51 
9.40 

9.34 
9.24 

9.15 
9.45 
9.34 
9.26 


75.50 
82.50 
89.50 
78.42 
8542 
9242 

77.50 
84.50 
91.50 
80.94 
87.94 
94-94 


8152 
9I7I 
7448 
8445 
9464 

7334 
8331 
9350 
7670 
8667 
9686 


9.74 

9.94 

10.13 

9.75 
9-95 
10.13 

9»74 
9.94 
10.  II 

9.74 
9.94 
10. 1 1 


6894 
7351 
7809 
7302 

7759 
8217 

6764 
7222 
7679 
7219 
7677 
8134 


9.56 
9.44 
9.35 
9.65 
9.54 
943 
9.3s 
9.25 
9.16 

945 
9.35 
9.26 


81.00 
88.00 
95.00 
83.92 
90.92 
97.92 
83.00 
90.00 
97.00 
86.44 

9344 
100.44 


7377 
8373 
9393 
7670 
8666 
9686 

7556 
8552 
9572 
7892 
8888 
9908 


9.76 

9.95 
9.56 
9.76 
9.95 
9.55 
9.75 
10.04 

9.56 
9.76 
9.96 


7422 
7879 
8337 
7830 
8287 

8745 
7242 
7699 
8157 
7697 
8154 
8612 


9.58 
947 
9.37 
9.66 
9.56 
9.45 

9.35 
9.25 

9.17 
945 
9-35 
9.26 
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TABLE  73. 
Properties  of  Four  Angles  Laced  and  Eight  Angles  Battened. 


Four  Angles. 
I< d — *^ 

k    ■ 

Laoed  (Box  Column). 


Size 
of  Angles. 


Area 
of  Four 
Angles. 


In.« 


AzlsA-A. 


^Z 


Ia 
In.« 


II 


In. 


In.< 


«-A 


In. 


In.« 


Battened  (Gray  Column). 


of  Angles. 


In. 


In. 


Area 
of  Eight 
lAngles. 


In.> 


AxIsA-A. 


II 


ta 


In.«      In.      In.«      In.     In.«     In. 


M 
il 


I 


ti 


ta 


Value  of  d  in  Inches. 


Value  of  d  in  Inches. 


8i 


loj 


I2i 


12} 


I4J 


i6| 


3?3xt 


5.76 

8.44 

11.00 


72 
102 
130 


3-53 
3.48 

341 


117  4.50 
167  4.4s 
214  441 


174 
249 
^20 


549 
5.44 
539 


3x3x1 


11.52 
16.88 
22.00 


263 
338 


3.97 
395 
352. 


251  4-67 
362  4.63 
466  4.60 


3305.35 


478 


S.32 


16I5.29 


loj 


12J 


14J 


"i 


14J 


16J 


3ix;W 


9.92 
13.00 
15-92 


190 

243 
291 


4.38 

4-3» 
4.28 


284 
365 
440 


5-35 
530 
5.26 


398 
513 


6.33 
6.28 


3ix2ix 


620  6.24 


19.84 
26.00 
3184 


306 

394 
476 


3-93 
3.89 
3-87 


419 
542 
656 


4-59 
4.57 
4.54 


716 
868 


5.28 

5.2s 
5.22 


12J 


i4i 


l6i 


14J 


i6i 


i8i 


11.44 
15.00 

18.44 


316 
408 
491 


5.26 

5-22 
5.16 


i9i 


6.23 
6.19 

6.14 


5967.22 


772 

935 


7.17 
7.12 


"    t 


22.88 
30.00 
36.88 


477  k.56 
618  4.54 

750  451 


628 

815 

_990 


5.24 
5.21 
5.18 


802 
1042 
1267 


5-92 
5.89 
5.86 


i6i 


I8i 


2o| 


18J 


20| 


22i 


6x6z 


1744 

23.00 

28.44 
3376 


824 

1072 
1306 
1526 


6.87 
6.82 

6.77 

6.72 


1072 

1398 
1705 
1996 


7.84 
7.79 
7.74 
7.68 


1354 
1769 

2I6I 

2535 


8.81 
8.76 
8.72 
8.66 


6x6x1 


34.88 
46.00 
56.88 
67.52 


1180 
1542 
1887 
2216 


5.82 

5.76 
5.73 


1463 
1914 
2343 
2755 


648 
645 

6.39 


1781 
2331 


7'H 
7.12 


2856  7.08 
33607.05 


The  table  ^ven  above  is  intended  to  serve 

only  as  a  guide  m  the  choice  of  sections  and  not 

as  a  complete  table.     The  properties  of  other 

sections  may  be  found  as  follows: 

Example:    Required  the  properties  of  a 

square  box  column  consisting  ot  4  ^  4"x4"x}", 

laced,  13I  in.  back  to  back. 

Solutioa:    Table  32  evidently  applies  to 

angles  with  legs  turned  in,  as  well  as  angles 

with  legs  turned  out. 

Area,  from  Table  32  »  15.00  in.* 

/^  ■■  /x>  from  Table  32  «  467  in.* 

fA  «  V/x  +  ^  «  V467  +  15.00  •  5.58  in. 


The  table  ^ven  above  is  intended  to  serve 
only  as  a  guide  in  the  choice  of  sections  and  not 
as  a  complete  table.  The  properties  of  other 
sections  mav  be  found  as  follows: 

Ezanqile:  Required  the  properties  of  a 
column  consisting  of  8  ^  4"x4"x|",  battened, 
15}  in.  back  to  back. 

Sblution:  From  Tables  32  and  3  c  the 
moment  of  inertia  about  axis  J-yf  equals  645 
+  43  8  688  in.*  and  the  area  equals  2  X  I5xx> 
*B  30.00  sq.  in. 

The  radius  of  gyradon  equals 

f  ■■  '4i~+~J  « -^688  +  30.00  -  4.79  in. 
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TABLE  74. 
Propbrtiss  of  Eight  Angles  and  Three  Plates. 


B 

Properties 

irnlrnl 

*  :                    d  -  Width  of  Web  Plate 
Plus  One-half  Inch. 

of 
Eight  Angles 

iL. 

J A 

b- Width  of  Flange  Plates 
<                                  Plus  One-h  Jf  Inch. 

■:     . 

and 
Three  PlaUs. 

Lir-j 

J^ 

Large  Sections  may  be 

Laced  on  Open  Sides. 

iB 

AzisA-A. 

Axis  B-B. 

Size  of 

Size  of 

Toul 

Web 

Flange 

Size  of 

Size  of 

Area 

Moment  of 

Radius  of 

Moment  of 

Radius  of 

Plate. 

Plates. 

Outside  Angles. 

InertU. 

Gyration. 

Inertia. 

Gyration. 

A 

Ia 

Ta 

Ib 

Tb 

In. 

In. 

In. 

In. 

In.« 

In.* 

In. 

In.4 

In. 

i8z 

i8x 

3ixjW 

3lx3ix| 

46.84 

3238 

8.31 

1 198 

5.06 

t 

59.75 

413s 

8.32 

1534 
1856 

5.07 

"  } 

7^.34 

5016 

832 

5^ 

20Z 

20X 

4x41. 

4x41 

60.00 

5051 

9.17 

1976 

5.74  • 

« 

\ 

« 

" 

« 

74.38 

6261 

9.17 

2431 

5.71 

<c 

<c 

«      J 

88.52 

7459 

9.18 

2875 

5.70 

22X 

22Z 

4X41^ 

4x41 

71.24 

7319 

10.13 

2708 

6.16 

u    . 

: 

86.37 

8885 

10.14 

3285 

6.16 

"1 

"] 

«<  i 

« 

101.26 

10434 

10.15 

3845 

6.16 

'^ 

a4x 

4ip 

7^*22 

9175 

11.05 

3356 

6.69 

90.88 

11139 

11.06 

4070 

6.69 

M 

"  1 

106.52 

13083 

XI.08 

4767 

6.68 

»6xJ 

26x 

6x&i 

6x6x} 

126.02 

17447 

11.77 

7021 

746 

(( 

« 

" 

146^)9 

20234 

11.77 

8102 

744 

"     I 

«    I 

«  I 

u    . 

i66x)o 

23001 

11.77 

9168 

7.43 

^^} 

V 

6x6z} 

6x6xi 

130.52 

21081 

12.71 

8376 

8.01 

151.34 

24456 

12.71 

9672 

7.99 

"  I 

"  I 

"  I 

I72XX> 

27809 

12.71 

10943 

7.98 

30xi 

30xJ 

?i 

6x6x1 

146.27 

27369 

13.67 

10456 

845 

"  I 

"  I 

167.84 

31433 

13.68 

1 1988 

845 

"  i| 

"  i» 

"    I 

«   I 

189.25 

35477 

13^ 

13496 

845 

The  above  table  is  intended 

to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com-  1 

plete  table.    The  properties  of  o 

»ther  sections  may  be  foui 

nd  as  follows: 

Eiample:  Reqaired  the  pro 

perties  of  a  section  com 

posed  of  a  20"  X  f "  web  plate,  two  24" 

X  r  flange  plates,  four  4"  X  a" 

Xi"  inside  angles  and,] 

ouTi"  X  4"  X  r  outside  angles  fastened 

& 

ilntioa: 

Ann. 

Moaenc  of  Inertia. 

Radios  of  Gyrataoa. 

Ite«. 

AjdsA-A. 

AxisB-B. 

Axis  A-A.  '  Axis  B-B. 

Tahl 
No. 

J      A 

e  • 

Table         '^      . 

Ho.     . 

.     In*     1 

1 
Table  '      '■ 

Ta 
-|/U*A 

'B 

-I^1b*A 

In. 

'     In.« 

1 

In,4 

In.                  Ia 

I-Wb.  PL 

2Qxi 

I 

'  1250 

3         417 

4            0 

2-FLPb. 

24X|     }        I 

36.00 

5       3972 

3       1728 

7506 

5205 

•  4-Ins.  A 

SSt'JJ 

.  15.00 

32       1222 

35          56 

^9l.26 

^91.26 

'  4-Oats.  A 

27.76 

34        189s 

33       3421 

.     Total..    :               :A. 

=     91.26  ■  Ia  -      7506 

I»  «     5205  .rA  -  9-07  r.  -  7.5s 
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TABLE  75 

Elements  of  Z-Bar  Columns 

American  Bridge  Company  Standards 


Dimensioiui  in  Inches 


RiVBTS  I"  DiAM. 


Sbeof  Z-Bars 


li 


In. 


^ou 


II 


In. 


Size  of  Flanges 


Ins. 


W 


In. 


In. 


In. 


Standakd  Dimbnsions 


Axis  z-z 


■sg 


Axis  3-3 


So 


11 


g 


2f  X3     X2i 

1HX3AX2H 

*i  X3t  Xii 
2ttX3  .  X*tt 
*i  X3ftXJi 


6} 
61 


=1^ 

If 


84.7  3.0 
"  -  3.0 


105. 1 
125. 1 
134.6 
1531 


2.9 
2.9 
2.9 


31.7  1.8 

41.8  1.9 
•4 

;.2  I 

I  I 


53. 

55. 


67. 


31.5 
39.6 
47.6 

61.2 


a 


A 

I 


»I  X4     X2f 

2ttX4AX2H 

3     X4t  X3 
3     X4    X3. 
3AX+AX3A 

3t  >'+!  X3i 
3}'sX4    X3A 
3i  X4AX3i 
3lVX4l  X3A 


If 

If 
If 

iH 

2  - 


i6^< 

199.4 
220.6 
250.8 
280.4 
296.3 
323.8 
351.5 


65.7 
85.8 
107.8 
115.6 
138.6 
163.0 

167.3 
192.8 
220.5 


2-4 

2-4 
1.5 
1.4 
1-5 

2.5 
2.5 

2-5 
2.6 


37.5 
47.0 

56.5 

64.3 

73.9 
83.6 
90.1 

99-9 
109.7 


t\ 


A 

I 


3AX;    X3A 
3i  xsAxU 
3ftxsi  X3A 
3i  XS    X3l 

3AXSAX3A 

3l  Xsi  X.^ 
3i  XS     X3[ 

3AxsAxjA 


If 

iH 

2 


8} 

8« 

8{ 

If 


193.8 
231.0 
267.6 
287.6 
32I.I 
354.3 
364.8 

395.5 


147.4 
183.4 
222.0 
234.4 
273.7 
315.6 
320.0 
363.0 


53.1 
64.0 

75.0 
83.0 

93.7 
104.7 

III.O 
I2I.7 


l\ 


I 

A 

! 


3J  X6    X3I 

31x6x3} 

3l  X6    X3i 


3AX 
31  XI 


12} 

.2A 

izi 

"A 
12 

12H 

12} 

12H 

«3» 


I 


h -^ 1 


2 
2 
2 


!f 


-Sf  ^.ff 


99>-i 


T  ! 


337.0 
391.4 

444-6 
469.1 
518.0 
566.5 
579-7 
622.5 
666.6 


287.8 

346.9 
409.2 
426.3 
489.2 
555.8 
5624 
628.2 
699.1 


72.6 
85.2 

97.7 
106. 1 
1184 
130.9 
137.9 
149.6 
162.0 
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TABLE  77. 

Propbrtibs  of  Chord  Sections. 

McClintic-Marshal  Construction  Co.  Standards. 


F 

A 

Long  Legs  Turned  Out. 

Properties  of                               -« ii 

ii 

-*jA 

Two  Angles  and                                             ' 

|| 

Top  of  Plate  i"  Below 

One  Web  Plate. 

I 

B«:ki  of  Angles. 

.0 

1 

"8 
1 

1 

AxUA-A. 

AzlsB-B. 

1 

1 

*8 

1 

1 

AzisA-A. 

Axis  B-B.| 

h 

it 

§3 

1 

**j^ 
^ 

^5 

■8§ 

So 

Ii 

1 

k 

A 

Ia 

ta 

Sa 

c 

Ib 

rs 

A 

1a 

'A 

Sa 

e 

Ib 

Tb 

In. 

In. 

In.» 

In.« 

In. 

In.» 

In. 

In.« 

In. 

In. 

In. 

In.> 

In.« 

In. 

In.« 

In. 

In.« 

In. 

6X1 

*  x»  xl 

»|X2  xl 

3.38 

II. I 

I.81 

6.3 

1.77 

1.7 

.70 

lOXl 

2}X2lXl 

4.88 

47-2 

3.10 

iS-5 

3.04 

31 

.80 

3.62 

II.7 

1.80 

7.1 

1.66 

3.1 

•93 

2iX2jxA 

5.44 

50.1 

3.03 

17.8 

2.82 

3.9 

.85 

3  X2  X 
3  X2iX 

4.88 

49-3 

3.19 

16.8 

2.93 

51 

1.03 

7X1  |a  X*  XI 

3.63 

17. 1 

2.17 

9.1 

1.87 

1-7 

.68 

5.12 

49-3 

3.09 

17.0 

2.90 

5.2 

1.00 

2IX2  Xl 

3.87 

17.8 

2.14 

8:9 

1-99 

3.1 

.90 

3  X2iXA 
3JX2iXl 

5-74 

52.2 

3.02 

19.6 

2.67 

6.5 

1.06 

3  X2  Xl 

413 

18.7 

2.13 

lO.O 

1.87 

5-1 

1. 12 

5.38 

Si-3 

3.09 

18.5 

277 

8.0 

1.22 

3  X2iXl 

4-37 

18.7 

2.07 

9.9 

1.90 

5.2 

1.09 

31X21XA 

4  X3  XA 

6.06 
6.68 

54.0 
55.7 

2.99 
2.89 

21.2 
22.8 

2.55 
2.44 

10. 1 
14.8 

1.29 
1.49 

8Xi 

2  X2  Xl 

3.88 

H'4 

2.51 

9.8 

2.48 

1.7 

.66 

2IX2  Xl 

4.12 

25.6 

2.49 

10.9 

2.34 

31 

.87 

loxA 

2jX2iXA 

3  X2ixl 

6.07 

58.6 

3.10 

19. 1 

3.07 

4.1 

.82 

2lX2iXl 
2lX2iXA 

4.38 

25.6 

2.42 

II.O 

2.33 

3.1 

.84 

5.75 

57.6 

3.16 

18.2 

3.16 

5.3 

.96 

4-94 

27.1 

2.34 

I2.S 

2.16 

3-9 

.89 

3  X2»XA 

3JX2iXl 

3lX2iXA 

6.37 

61.2 

3.10 

21.0 

2.91 

6.7 

1.02 

3  X2  xl 

438 

26.8 

2.47 

I2.I 

2.21 

S» 

1.09 

6.01 

60.0 

3.16 

19.8 

3.03 

8.2 

1.17 

3  X2IXI 

4.62 

26.8 

2.41 

12.1 

2.22 

5-^ 

1.06 

6.69 

63.4 

3.0822.7 

2.80 

10.3 

1.25 

3  X2JXA 

S-*4 

28.7 

2.30 

13.6 

2.04 

6.5  I.I  I 

4  X3  XA 

l^^ 

2.99  24.3 

2.69 

15.1 

1.44 

3iX2lXl 
3lX2iXA 

4.88 

27.9 

2.39  13.3 

2.10   8.0:1.28 

4  X3  Xi 

8.09 

68.3 

2.91 

27.2 

2.51 

18.2 

1.50 

5.56 

29.2 

2.29  15.I 

1.94  10. 1 

1-35 

S  X3  XA 

7.93 

69.2 

2.96 

27.8 

2.49 

28.7 

I.9I 

S  X3  Xl 

8.85 

72.1 

2.85 

3I.I 

2.32 

34.4 

1.97 

8XA 

2iX2|XA 

S-44 

31-7 

2.41 

135 

2.3s 

4.1 

.87 

S  X3iXA 
5  X3JXI 

8.25 

693 

2.89 

27.6 

2.51 

28.8 

1.87 

3  X2IXI 

S.12 

31.3 

2-47 

12.92.42 

5-5 

1.02 

9.23 

72-4 

2.81 

30.8 

^•35 

34.6 

1.94 

3  X2IXA 

S-74 

33.22.4014.8,2.24 

6.7 

1.08 

3fX2jXl 

S-38 

32.6  2.46I  14.2; 2.30 

8.2 

1.24 

loxi 

3  X2iXA 

6.99 

69.S 

315 

22.2 

3.13 

6.9 

.99 

3iX2iXA 

6.06 

34.3 

2.38 

16. 1 

2.13 

10.4 

1.3 1 

3iX2ixA 

4  X3  XA 

7.31 
7.93 

72.1 
745 

3.14 
3.07 

23.93.01 

25.9  2.88 

10.6 
15.5 

I.2I 
1.40 

8X1 

3lX2iXA 

6.56 

39.1 

2-44 

I7.I 

2.29  10.6 

1.28 

4  X3  XI 

8.71 

77.8 

2.99 

28.7 

2.71 

18.6 

1.46 

4  X3  XA 

7.18 

40.6 

2.38 

I8.I 

2.2215.2 

1.47 

S  X3  XA 
S  X3  xl 

8.55 

78.9 

3.03 

29.3 

2.69 

29.7 

1.85 

4x3  xl 

796 

42.S 

2.31 

20.3 

2.09 

18.6 

153 

9.47 

82.4 

2.94 

32.8 

2.51 

35-1 

1.93 

9Xi 

2lX2lXl 

3  X2  Xl 

4.63 

35-4 

2.76 

13.2 

2.68 

3.1 

.82 

I2Xi 

3  X2IXI 

5.62 

81.2 

3.80 

22.2 

3.65 

5.2 

.96 

4.63 

37.3 

2.84 

13-5  ^'77 

5-1 

1.05 

3  X2iXA 
3iX2jXl 

6.24 

86.2 

3.73  25.6-3.37 

6.5 

1.02 

3  X2*><:f 
3JX2IXI 

4.87 

37.0 

2-75 

14.5  2.55 

5-2 

1.03 

5.88 

843 

3.78124.2I3.49 

S.0  1. 17 

S13 

38.4 

2.73 

15.8 

2.43 

8.0 

I-2S 

3JX2IXA 

6.56 

89.1 

3.6727.8,3.20 

iai'1.24 

4  X3  XA 

7.18 

92.0  3.58,30.2  3.0s 

14.81.44 

9XA3  XzjXAl 

6.0s 

4S.8 

2.75  I7.5>.62| 

6.7 

1.05 

S  X3  XA 
5  X3  XI 

7.80 

96-8'3-52,34-3'2.82  28.1:1.901 

J3JX2JXAI 

6.37 

47-5 

2.73 1 19.0' 2.50  10.3;  1. 28 

8.72  ioo.8;3.4i  38.6:2.61133.8  1.97 

3*X2jX| 

7.03 

495 

2.6sl2i.i'2.34  12.4;  1.33 

S  X3JXA 
5  X3iX| 

8.12!  9^.8j345  34-o|2.85  28.3  1.87 

4  X3  XA 

6.99 

49.1 

2.65  20.2  241. 15.1  1.48 

9.10  100.6  3.33138.112.64  33.9  1.94 

Note:  Section  modulus,  Sa,  is  given  for  top  fiber. 
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TABLE  78. 
Properties  of  Top  Chord  Sections. 


IB 


PropetUcfl  of 

Two  Anglei 

and 

One  Cover  Plate. 

Angles  Turned  Out. 


-Tff 


4. 


_  Short  Legs  Against 
Plate,  and  Turned  Out. 
Edges  of  Angles  Flush 
with  Edges  of  Plate. 


Series 
and  3. 


I 


In. 


I  ox} 


lOxA 


I2xi 


I2XA 


I2X{ 


I4xi 


i4xA 


I4X| 


i6xi 


i6x| 


Series  i. 


In. 


3x2jxl 
3X2ixl 

4x3  3ci 

3X2|X} 

4x3  x} 

Sx3ixA 

3X2jx 

4x3  x^ 

Sx3ixA 


3X2jxi 

4x3  X 

Sx3Jx 


i 


t 


3x2lxl 
4x3  xf 
Sx3ix 

6x4  Xj 

3X2|xl 

4x3  xJ 
5x3JxA 
6x4  x| 

4x3  xl 
5x3ixA 
6x4  x| 

16x^4x3  xl 
§x3lxA 


6x4 
8x6  xA 


A 

ln7 


S.I2 

S.88 

6.50 

5.62 
6.38 
8.12 

6.37 
7.13 
8.87 

7.12 

9.62 

6.12 

6.88 

8.62 

10.72 

6.99 
7-75 
9-49 
11.59 

7.87 

8.63 

10.37 

1247 

7.38 
9.12 
11.22 

8.38 
10.12 
12.22 

11.12 
13.22 
17.86 


Axis  A-A. 


S«8 


In.« 


3.7 
8.2 

4.0 
8.7 

i! 

18.8 

41 

9.1 

19.8 

4-4 

9.5 

20.8 


40 
8.8 

19.3 
37.1 

4* 

9.3 

20.4 

39.0 

4.5 
10.2 
21.4 
40.8 

9.0 

19.8 
38.0 

9.5 
20.9 
42.0 

21.9 
106.0 


^1 


In. 


.86 
I.18 


1. 16 

1. 16 
1.52 

.80 
1.13 
149 


76 
1.07 

44 
,81 


In.« 


5.8 
9.0 

6.3 
10.0 

6.4 

10.2 
I5.S 

6.9 
II. I 
17.1 

75 
1 1.9 
18.4 

7.0 
1 1.0 
17.0 
244 

7.7 
12.3 
18.7 
26.7 

8.2 
13.1 
20.2 
28.7 

12.0 
18.2 
26.2 

13.2 
20.1 
28.8 

21.8 
31.0 
54.7 


In. 


t 

.33 
•57 

.60 

.96 

.28 

:i; 

.22 

■^ 

.32 

•55 

.89 

1.27 

•45 

.78 

1.15 

.18 

.69 
1.04 

.50 

.84 

1.2b 

41 
.73 
1.08 

.63 

.98 

1.56 


AxisB-B. 


S'S 


In.« 


48.S 
49.0 

53.7 
.54.2 

82.8 
86.1 
98.6 

91.8 

107.6 

100.8 
104. 1 
1 16.6 

128.4 

135.9 
159.1 

179.1 

142.7 
150.2 
1734 
»934 

157.0 
164.5 

187.7 
207.7 

199-5 
236.8 

271.3 


In. 


3.08 
2.89 

3-oS 
2.89 

3.67 
3.48 

3.79 
3.65 

3^48 

3.76 
3.64 
3.48 

4.58 

445 
4.30 
4.09 

4.5a 
4.40 
4.27 
4.08 

4.47 
4.37 
4.2s 
4.08 

5.20 
5.09 
491 


220.9  5.13 
258.1 5.05 
292.74.90 


2794 
314.0 
307.8 


5.02 
4.87 
,415 

139 


Series  a. 


In. 


3X21x1 
4x3  x| 

3X2jx| 

4x3  xf 

3x2lx| 
4x3  xf 
5X3ixA 

3x2jxf 
4x3x1 
5x3JxA 

3x2jxf 
4x3  xf 
Sx3lxA 

3x2jxf 
4x3  xf 
5X3ixA 
6x4  xJ 

3x2jxf 
4x3  xf 
5x3JxA 
6x4  X  J 


3x2ixf 
4x3  xf 

5x3|x 
6x4  X 

4x3, xf 

5x3^ 
6x4 


t 


§x3ixA 

4x3  xf 

5x3ixA 
6x4  xf 

5x3ixA 
6xA  xf 
8x6 


xA 


In.« 


6.34 
746 

6.96 
8.08 

6.84 

10.06 

7.59 

8.71 

10.81 

8.34 
9.46 
11.56 

7-34 

846 

10.56 

13.00 

8.21 

9.33 
11.43 

13.87 

9.09 
10.21 
12.31 
14.75 

8.96 
11.06 
1350 

9.96 
12.06 
14.50 

13.06 
15.50 
21.12 


AiisA'A. 


In.« 


5-1 
11.2 

5.6 
1 1.9 

Ai 

5.7 
25.6 

6.1 
13.0 
26.9 

5.5 
12.0 
25.0 
46.2 

5.9 
12.8 
26.4 
48.6 


13.1 
27.1 
49-9 

28.5 

52.2 

129.6 


l| 
(So 


ta 


In. 


.90 
1.23 

.90 
1.22 

.89 
I.2I 
1.56 

.87 
1.19 
154 

.86 
1.18 
1.53 

.87 
1.19 

1.54 
1.88 

.85 
1. 17 
1.52 
1.87 

.83 


6.3      . 

13.5  1.15 

27.6  1.50 
50.8  1.85 

12.3  1.18 

25.7  1.5* 
474  1.87 


1.15 
1.50 
1.85 

1.48 
1.83 
2.48 


In.> 


6.6 
10.6 

7.3 
1 1.5 

74 
11.7 

17-9 

8.0 
12.7 
»94 

8.6 
13.8 
20.7 

8.1 
12.7 
19.2 
27.7 

8.7 
13.9 
20.9 
30.0 

9.4 
14.8 
22.4 
32.0 

13.8 

20.6 
274 

22.6 
32.0 

244 
34.3 
61.4 


In. 


.53 
.81 

46 
.73 

48 

.75 

I. II 

41 

.66 

1. 01 

.34 
.58 
.92 

•44 

.70 

1.05 

1.42 

•37 
.61 

.95 
1.3 1 

.30 

•S3 
.86 

1.22 

.65 
1.00 
1.36 

.56 

.89 

1.25 

.80 
1.15 
1-74 


AxisE-B. 


n 


IS 

So 


rB 


In.« 


62.5 
63.0 

67.7 
68.2 

106.2 
110.7 
124.0 

ii5.» 
119.7 
133-0 

124.2 
128.7 
142.0 

163.5 

174.3 
199.8 
220.9 

177.7 
188.6 
214.1 
235 

192.0 
202.9 
228.4 
149-5 

254.8 
296.9 
3344 

276.2 
318.2 
355-7 

339-6 
377.0 
361.3 


3.14 
2.91 

3  12 
2.90 

3.94 
3.73 
351 

3.89 
3.71 
3.51 

3.86 
3.69 
3.50 

4.72 
4.54 
4.35 
4.12 

4.65 
449 
4-33 
4.1 1 

4.46 

4-31 
4.1 1 

5-33 
5.18 

4.r 

5-^7 
5-14 
4-95 

5.10 
4-93 
4.13 


1 


TABLE  79. 
Pkoperties  of  Top  Chord  Sections. 


B 

Short  Leci  Acdnst 

TwoAn«le.                               A.  p.Lqi* -A 

Plate,  and  Tonied  In. 

One  Com  Plate.                                N               U  ^ 
Angles  Tuned  In.                              '^       ;       " 

IB 

Backsof  Ancles  Flush 
frith  Edcesol  Plate 

Series 
I  and  3. 

1 

1 

In. 

Series  I. 

Series  a.                                   | 

•8 

1 

AxIsA-A. 

AzisB-B. 

1 

•8 

1 

1 

AjdsA-A. 

AzisB-B.  1 

li 

II 

D 

u 

H 

II 

^i 

D 

1 

11 

A 

Ia 

""A 

Sa 

e 

Ib 

la. 

A 

Ia 

'A 

Sa 

e 

Ib 

tb 

In. 

In.* 

In.« 

In. 

In-t 

In. 

In.* 

In. 

In.* 

In.« 

In. 

In-» 

In. 

In.« 

In. 

¥ 

3X2jx} 

4.62 

3.6 

0.88 

S-i 

•46 

414 

2.99 

3X2jx| 

4x3  A 

S.84 

4-9 

.91 

5.8 

.59 

§13 

3.05 

(( 

S.38 

7.9 

I.2I 

8.1 

•73 

494 

303 

6.96 

10.8 

1.25 

9.6 

.88 

66.0 

3.08 

8xft 

3«Jxl 
«  It 

5.12 

3.9 

0.87 

5.6 

•39 

44-0 

2.93 

3X2lx| 

^4S 

5-3 

.91 

64 

.52 

57.0 

3.00 

« 

5.88 

84 

1.20 

8.7 

.6s 

52.1 

2.98 

4^3  x| 

114 

1.24 

10.3 

.80 

68.6 

3.03 

loxl 

3X2jxl 

5.12 

3.8 

0.86 

5.8 

1& 

r'^ 

3-74 

3X2jxl 

43^3  xf 

6.34 

5.2 

.90 

6.6 

•53 

93.6 

3.84 

« 

5.88 

84 

1.19 

9.2 

85.0 

3.80 

746 

"•3 

1.23 

10.6 

.81 

ii3X> 

3.89 

M 

&t 

7.62 

18.1 

1.54 

14.I 

1.03 

114.9 

3.88 

Sl*xf 

9.56 

23.5 

1-57 

16.5 

1. 17 

147.9 

3-93 

u 

9.72 

34.9 

1.89 

21.0 

141 

149.6 

3.92 

12.00 

43.7 

1.91 

24.3 

1.55 

186.1 

3-94 

lorft 

3X2|xl 

4»3  »i 

|74 

4-1 

0.83 

6.2 

•33 

76.9 

3.66 

3«Jx| 

4x3  x| 

6.96 

5.6 

.90 

7.3 

46 

98.8 

3.76 

tt 

6.50 

8.8 

1. 16 

10.0 

•57 

90.2 

3-7» 

8.08 

12.0 

1.22 

11.5 

.73 

118.2 

3.82 

M 

l^lj^xf 

8.24 

19.2 

1-53 

15s 

.93 

120.1 

3.8» 

&lt 

10.18 

^4-7 

1.56 

17.8 

1.08 

153.2 

3.88 

M 

10.34 

36.7 

1.88 

22.6 

1.31 

1549 

3.87 

12.62 

45.6 

1.90 

25.8 

1.46 

191.3 

3.89 

i<»| 

3X2jxl 

4x3  XJ 

6.37 

4-2 

0.81 

6.6 

.26 

82.1 

'If 

3X2|X} 

4x3  xf 

7.59 

5? 

.88 

7.7 

•1? 

I04X> 

3.70 

« 

7.13 

9-3 

1.14 

10.6 

49 

954 

3.66 

8.71 

12.6 

1.20 

12.2 

.66 

1234 

3.76 

« 

6x4  xf 

8.87 

22.0 

1.50 

16.5 

.84 

1254 

3.76 

&t 

10.81 

25.9 

1-54 

18.8 

1.00 

1584 

3.83 

M 

10.97 

38.2 

1.87 

24.0 

1.21 

160.0 

3.82 

13.25 

47-5 

1.89 

27.3 

1-37 

196.5 

3.85 

12X1 

4x3  3cJ 

6.38 

8.6 

1.16 

10.2 

.60 

132.3 

4-55 

4x1  xf 

7.96 

11.7 

1.21 

11.7 

.75 

X75.0 

4.69 

(i 

5x3bA 
6x4  xf 

8.12 

18.8 

1.52 

155 

.96 

177.8 

4.68 

&t 

10.06 

H.3 

1.56 

17.9 

i.ii 

2284 

4.76 

<( 

10.22 

36.0 

1.88 

22.8 

1.33 

230.6 

4.76 

12.50 

45.0 

1.90 

26.0 

148 

287.0 

4.79 

I2XA 

4^3  x} 

7.13 

9.1 

1.13 

ii.i 

■j; 

141.3 

44S 

4x3  xf 

8.71 

124 

1.19 

12.7 

.66 

184.0 

4.60 

(( 

SJ*xf 

8.87 

19.8 

1.49 

17.1 

186.8 

4-S9 

tS*xf 

10.81 

25.6,1.54 

194 

1. 01 

237.6 

4.69 

«( 

10.97 

37.9 

1.86 

24.8 

1.22 

239.6 

4.67 

13.25 

47.2 

1.89 

27.9 

1.38 

296.0 

4.73 

I>X} 

4x3  xl 

7.88 

9.5 

1. 10 

11.9 

•^J 

150.3 

4-37 

4x3  xf 

946 

13.1 

1.18 

13.8 

.58 

193.0 

4.52 

« 

s':f 

9.62 

20.8 

1.47 

18.4 

.76 

195.8 

4-S« 

&t 

11.56 

26.9 

1-53 

20.7 

.92 

246.6 

4.62 

« 

11.72 

39.6 

1.84 

264 

1. 12 

248.6 

4.61 

14.00 

49.2 

1.87 

29.6 

1.29 

305.0 

4.67 

I4xj 

4x3  Jti 

6.88 

8.8 

1.13 

1 1.0 

•55 

1924 

S.29 

4x3  xf 

8.46 

12.0 

1.19 

12.7 

.70 

252.9 

547 

« 

« 

8.62 

19-3 

1.50 

17.0 

.89  257X>;546 

IZ'lt 

10.56 

25.0 

1.54 

19.2 

1.05 

328.9 

5.58 

U 

10.72 

37.1 

1.86 

24-* 

1.27 

332.2 

5.56 

13.00 

46.2 

1.88 

27.7 

142 

412.9 

5.63 

i43fA 

4x3  xl 

7.75 

9-3 

I. II 

12.3 

45 

206,7 

S.i6 

4x3  xf 

9.33 

12.8 

1.17 

13.9 

.61 

267.2 

5.34 

»l 

W 

9-49 

20.4 

1.47 

18.7 

.78 

271.3 

l^ 

s'a* 

1 143 

26.4 

1.52 

20.9 

.95 

343.1 

5.48 

« 

11.59 

39.0 

1.83 

26.7 

1.15 

3464 

13.87 

48.6 

1.87 

30x> 

1.3 1 

427.2 

5.54 

I4x| 

4x3  xi 

8.63 

9.9 

1.07 

13.1 

•37 

22IX> 

5-06 

4x3  xf 

10.21 

13.5 

1.15 

14.8 

•53 

281.5 

5.25 

(1 

8]^xA 

10.37 

214 

1.44 

20.2 

.69 

285.5 

S-*4 

6      it 
8SxA 

12.31 

27.61.50 

224 

.86 

3574 

5.39 

« 

12.47 

40.8 

1.81 

28.9 

1.04  360.6 

538 

14-75 

508:1.85 

32.0 

1.22 

4414 

547 

« 

17.11 

103.7 

2.46 

51.6 

1.64I489.7 

S-3S 

20.37 

126.7249 

581 

k8i 

591.2 

540 
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TABLE  80. 

Properties  of  Top  Chord  Sections. 

IB 

tCS^a^^S'                            a         J  L     t-^                    Long  Legs  Turned  Out. 
and  pne  Cover  Plate.                                                                          Bdow  Backs  of  Angles. 

B 

Series  i  and  a. 

Series  I. 

Seriesra. 

AzisA-A. 

AzisB-B. 

AzisA-A. 

AzisB-B. 

1 

1 

1 

1 

1 

1 

**  ftf 

^d 

eS-S 

^ 

^i 

*ss 

ti 

*Sd 

4 

. 

'Sd 

1 

1 

"8 
1 

1 
1 

1 

^? 

II 

1 

h 

11 

1 

1 

o3 

II 

1 

35 

A 

Ia 

ta 

Sa 

'  e 

Ib 

rB 

A 

Ia 

^A 

Sa 

e 

Ib 

tb 

In. 

In. 

In. 

In.« 

In.« 

In. 

In.» 

In. 

In.« 

In. 

In. 

In.« 

In.« 

In. 

In.> 

In. 

In.< 

In. 

6xi 

'2  X2  zi 

6zi 

4.88 

14.8 

174 

10.3 

I.19 

6.1 

I.I2 

6x1 

5.63 

16.2 

1.70 

II.8 

•99 

84 

1.22 

8x1 

2  X2  z} 

6zi 

S.38 

31.6 

2.42 

IS.8 

175 

6.1 

1.07 

6xf 
6x 

6.13 

34.5 

2.37 

18.4 

1.50 

84 

I.17 

2iz2izJ 

6zi 

5.88 

32.3 

I'A 

16.5 

I.71 

7.6 

I.I4 

6.63 

35.0 

2.30 

18.9 

1.48 

9.9 

1.22 

.    A 

6zi 

6.44 

32.9 

17.5 

1.63 

8.4 

I.14 

6x 

7.19 

35-5 

2.22 

19.7 

143 

10.7 

1.22 

3  Z2}zl 

8x1 

6.62 

34.4 

2.28 

19.5 

1.51 

15.8 

1-55 

8x 

7.62 

37.1 

2  21 

22.5 

1.27 

21.2 

1.67 

"    A 

8zi 

7.24 

35.3 

2.21 

20.8 

1.45 

17.1 

1.54 

8x 

8.24 

377 

2.14 

23.5 

1.23 

22.5 

165 

8iA 

2jz2izi 

6x1 

6.38 

38.0 

2.44 

17.6 

I.91 

7.6 

I.IO 

6xf 

7.13 

413 

2.41 

20.2 

1.67 

10.0 

I.I8 

JL 

6zi 

6.94 

38.9 

2.37 

18.8 

1.82 

8.4 

1. 10 

6x 

7.69 

41.9 

2.33 

21. 1 

1. 61 

10.8 

I.18 

3  zjiz? 

8xJ 

7.12 

40.5 

2.38 

20.8 

1.70 

16,0 

1.49 

8x 

8.12 

44.0 

2.33 

24.1 

1.45 

21.3 

1.62 

JL 

8x1 

774 

414 

2.31 

22.0 

1.63 

17.3 

1.49 

8x 

8.74 

447 

2.26 

25.2 

1.40 

22.7 

I.61 

8x1 

3  X2jzi 

8x} 

7.62 

46.3 

2.46 

21.8 

1.87 

16.2 

1.46 

8x 
8x 

8.62 

48.5 

2.37 

23.0 

173 

21.5 

1.58 

cc        » 

8x} 

8.24 

47.3 

2.39 

23.3 

1.78 

17.6 

146 

9.24 

494 

2.31 

24.1 

1.67 

22.9 

1-57 

^^?   *l^ 

lox} 

10.93 

54.9 

2.24 

31.1 

1.40 

46.8 

2.07 

lOX 

12.18 

58.6 

2.19 

34.3 

1.21 

57.2 

2.17 

A 

lox} 

11.71 

55.5 

2.18 

32.1 

1.36 

49.9 

2.06 

lox 

12.96 

59.2 

2.14 

351 

1.19 

60.3 

2.16 

iol\ 

2j«ixi 

6xi 

6.38 

S8.I 

3.06 

23.0 

2.30 

7^6 

1.09 

6x1 

7.13 

63.4 

2.96 

26.1 

2.02 

9.9 

1.18 

",  A 

6xi 

6.94 

60.0 

2:^9^ 

24.7 

2.18 

8.4 

I.IO 

6x 

7.69 

64.4 

2.89 

27.9 

1.93 

10.7 

1.18 

3  Mjx} 

8xi 
8x1 

7.12 

62.4 

27.1 

2.05 

1S.8 

M9 

8x 

8.12 

67.2 

2.88 

31.5 

1.76 

21.2 

1.62 

♦ 

774 

64.3 

2.88 

*2? 

1.94 

17.1 

1.49 

8x 

874 

68.3 

2.81 

33-0 

1.70 

22.5 

1.60 

♦^?  Y 

lox} 

10.43 

72.4 

2.63 

38.6 

1.50 

46.1 

2.10 

lOX 

11.68 

76.5 

2.56 

427 

1.29 

56.5 

2.20 

loxi 

11.21 

73.0 

2.55 

41.1 

1.45 

49.9 

2.09 

lOX 

1246 

77.0 

2.49 

437 

1.26 

594 

2.18 

K»A 

3  X3|x} 

8x 

775 

73-5 

3.08 

28.7 

2.31 

16.0 

143 

8x 

875 

79.6 

2.99 

32.9 

2.01 

21.3 

1.56 

«           B 

8x 

837 

75.3 

3.00 

30.8 

2.20 

17.4 

143 

8x 

9-37 

80.9 

2.95 

353 

1.94 

22.7 

1.56 

M?f 

lOX 

11.06 

85.8 

2.79 

41.1 

I.71 

46.4 

2.06 

lOX 

12.31 

91.0 

2.75 

467 

149 

56.9 

2.15 

lOX 

11.84 

87.0 

2.71 

42.8 

1.66 

49.4 

2.05 

lOX 

13.09 

91.8 

2.69 

48.5 

145 

59.9 

Hi 

S  xjixji 

I2X 

12.75 

90.5 

2.66 

46.8 

1.56 

82.8 

2.56 

I2X 
I2X 

14.25 

95.8 

2.59 

51.8 

1-35 

100.8 

2.66 

I2X 

13.73 

91.9 

2.59 

49.0 

1.50 

88.6 

2.55 

15.23 

96.9 

2.52 

53.0 

1.33 

106.6 

2.64 

loxi 

3  «ixi 

8xi 

8.37 

837 

3.16 

30.1 

2.53 

16.2 

1.38 

8zf 

9-37 

90.8 

3.11 

34.9 

2.23 

21.5 

X.51 

♦ 

8x 
lox 

8.99 

85.8 

3.10 

32.4 

2.42 

17.6 

1.40 

8x 

9.99 

92.5 

3.05 

36.9 

2.15 

22.9 

1.51 

Mrf 

11.68 

98.4 

2.92 

43.2 

1.90 

46.8 

2.00 

lOX 

12.93 

104.6 

2.81 

47.3 

1.67 

57.2 

2.10 

lox 

12.46 

997 

2.83 

45.2 

1.84 

49.9 

2.00 

lOX 

13.71 

105.4 

2.77 

49-5 

1.63 

60.3 

2.10 

S  xjixjt 

I2X 

13.37  103.7 

2.78 

49.4 

173 

83.4 

2.50 

I2X 

14.87 

IIO.O 

2.72 

547 
56.4 

1.51 

101.4 

2.61 

I2X 

14351 105-3 

2.71 

51.4 

1.68 

89.3 

2.50 

I2X 

15.85 

111.5 

2.65 

1.48 

107-3 

2.60 
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TABLE  81. 
Properties  of  Top  Chord  Sections. 


Properties  of 
Two  Angles, 

Two  Web  Plates 
and 

One  Cover  Plate. 


IB 


W^ 


Angle  Less  Turned  Out. 

Edges  of  Angles  Flush 
with  Edges  of  Top  Plate. 

Web  Plates  }''  Below 
Backs  of  Angles. 


Series  I  and  3. 


Series  i. 


Series  3. 


In. 


8zj 

(C    1 

<(   1 
c<  I 

Sx\ 

it  1 

C<    1 
M    I 

lox) 

lOXJ 
<i  ] 

((  J 

«<   i 

I2ZJ 

i<   . 

«  . 
I2Z 
"  I 

« I 

C«    i 


In. 


In. 


2}x2}xl 
i< 

2}x2jxf 

C( 

2}x2}xi 
«< 

2ix2jx| 
« 

2jx2jxJ 

2ix2ix| 

« 

« 

3xjxl 
3xjx| 

3xjxl 
3xjx| 

3xjx| 
3XJXJ 

3x^1 

3XJXJ 


IQx} 


I2X} 


I2X} 


^Ifi 


^Ifi 


i6xf 


i6x} 


i8x| 


In.« 


8.88 
I0.88 

9.96 
11.96 

9.38 
11.38 
10.46 
12.46 

10.38 
12.88 
I146 
1396 

10.88 
13.38 
11.96 
14.46 

15.38 
18.38 
16.72 
19.72 

17.88 
20.88 
19.22 
22.22 

20.72 
24.22 
22.00 
25.50 

21.47 

H-97 
22.75 
26.25 


AzisA-A. 


In.« 


60 
80 

60 
80 
62 
83 

109 

143 
113 

149 

113 
149 
116 
IS4 

244 
295 

254 
309 

280 

339 
286 

348 

431 
5*4 
441 
537 

443 
539 
452 
551 


J-A 


In. 


2.56 
2.64 
2.45 
2.58 

253 
2.65 
2.44 
2.58 

3.24 

3-33 
3.14 
3.27 

3.22 
3.34 

3.26 

3.98 
4.01 
3.90 
3.96 

3.96 
4.03 

3.96 

4.56 
4.65 
4.48 
4-59 

4.54 

j5 

4.58 


Sa 


In.« 


25-1 

27.9 
27.4 

30.8 

27.5 
30.7 
29.7 

33-3 

37.5 
41.9 

46.1 

40.5 
45-3 
43.9 
46.3 


In. 


2.07 
247 
1-94 
2.33 

2.36 
1.84 
2.23 

2.66 
3.16 
2.49 
2.98 

2-53 
3.04 
2.38 
2.88 


6043.79 

66.7  3.56 

73.2  3.97 

77.7  3.22 

84.3  3.65 
83.5I3.06 
90.1  3.50 


103.2 
112.1 


3.80 
4.  JO 


109.9  3.64 
119.1:4.13 

109.7I3.66 
118.614.17 
116.1  3.52 
125.6:4.02 


69.S 
79.9 
82.2 
91.6 

1254 
145.7 

136.8 

162.2 

157.8 


Azis^B. 


In.« 


183.2  3.62 


2 19. 1 
262.9 
250.6 
294.4 

258.1 
296.1 
292.6 
330.7 

437.3 
499.9 
486.3 


11 


In. 


In. 


2.80 
2.71 
2.87 
2.77 

3.66 
3.57 
3.74 
3.65 

3.63 
3.55 
3.71 


447 
443 
4.58 
4.51 

4.10 
4.01 
4.18 
4.09 

4.94 
4.89 

5-03 


548.94.97 


521.1 
594.0 


5.01 
4.95 


569.05^)8 
641^5.02 

740.9  5.87 
849.15.83 
8os.6'5.95 
913.815.90 


loxf 


I2xf 


I2xi 


'If* 


In.» 


10.13 
12.13 
II.2I 
13.21 

10.88 
12.88 
11.96 
13.96 

11.88 
14.38 
12.96 
1546 

12.63 
15.13 

13.71 
16.21 


I4ff  17.13 
20.13 

1847 
2147 

19.88 
22.88 
21.22 
24.22 


i6x} 


i6x}  22.72 
26.22 
24.00 
27.50 

l8x}23.72 
27.22 
25.00 
28.50 


AzisA-A. 


In.« 


66 

88 

67 

68 
91 

120 
159 

164 

125 
166 
127 
170 

270 
328 
279 
339 

304 
370 
309 
377 

565 
472 
577 

477 
582 

484 
593 


J-A 


2.52 

2.66 

2.43 

2.57 

2.a8 
2.03 
2.39 
2.56 

3.18 

3.33 
3.08 
3.2s 

3.14 

3.31 
3.04 
3.23 

3.97 
4.03 
3.88 
3.97 

3.91 
4.02 
3.82 
3.95 

4.58 

4.63 
440 
4.56 


Sa 


In.» 


29.9 
33.3 
31.8 

35.6 

33.3 
36.8 

35.0 
39.2 

45-3 
50.1 
484 
53-9 


72.2 
78.S 
77.9 
84.7 

90.6 

974 

95.7 

102.8 


1.78 
2.19 
1.69 
2.08 

1.64 
2.05 
1.57 
1.95 

2.28 
2.80 
2.17 
2.66 


49.6  2.14 
54.8  2.65 

52.7  2.04 
58.3  2.53 


3.37 
3.80 
3.20 
3.62 

2.85 
3.30 
2.73 
3-17 


118.1  343 

127.3  3.94 
124.13.31 
133.83.81 

126.5  3.28 
136.03.79 

132.2  3.16 
14243.66 


AzisB-B. 


In.« 


79.9 

90.3 

92.6 

102. 1 

1434 
163.7 
1644 
184.7 

154.8 
180.2 
175.8 
201.2 

247.8 
291.6 
279.2 
323.0 

286.7 
324.8 
321.2 
359.3 

480.0 
542.6 
529.0 
591.6 

636.7 
621.7 
684.6 

801.6 
909.8 
866.3 
974.5 
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TABLE  $L 


P^onnxKS  or  Tte 


I 

5 

6l5o 

8Xi 

3l 

590 

a89 

^5.9 

54^7 

2«OI 

Ml 

6 

\» 

a^ 

2 

8Xft 

4* 

6^ 

1.04 

iv6 

37.5 

1.00 

Ml 

M 

**     " 

3  : 

loXj 

5i 

6^ 

1.0J 

as.5 

67.^ 

Kgg 

3-55 

8 

M 

4   . 

loXA 
12XJ 

7-05 

1.18 

17.1 

72.8 

K96 

3." 

^ 

5 

rl 

6.90 

1.14 

26.S 

"3S 

196 

40s 

10 

« 

6 

"XA 

7.65 

..30 

18,3 

122,5 

i.9» 

4-0O 

** 

7 

S 

QlOO 

8Xi 

3l 

7.30 

a7a 

17.8 

39^9 

1-95 

*J4 

6 

\^ 

V 

8 

8XA 
loXl 

u 

7.80 

a84 

^7 

4^S 

1.9s 

«33 

it 

u 

9 

5I 

7.80 

a84 

29.S 

79-7 

1.9s 

3.10 

8 

H 

11 

lO 

loxA 

843 

0.99 

31.7 

84.9 

194 

317 

II 

12x1 

7l 

8.30 

0.95 

31.0 

135.1 

1.93 

404 

10 

w 

w 

12 

I2XA 

9.05 

l.IO 

33.3 

144.1 

1.9a 

3.99 

n 

6 

8.00 

loXi 

si 

7.26 

1.08 

42.0 

i\ 

241 

3.17 

2» 

>» 

.SO 

'4 

loxA 

a 

7.89 

1.25 

44.8 

a.38 

3.15 

«« 

l« 

'1 

I2X 

7i 

7.76 

1.21 

46^9 

124.0 

a.38 

4.00 

j}» 

M 

•I 

i6 

"XA 

M 

8.51 

1.39 

133.0 

a.3S 

395 

ii 

♦1 

'7 

I4XA 

9* 

9.14 

1.51 

48.7 

204.9 

2.3 1 

4.74 

Hi 

M 

i8 

14x1 

c< 

10.01 

1.67 

513 

219.2 

a.26 

4.67 

u 

II 

II 

19 

6 

10.50 

loXi 

si 

8.68 

0.90 

47.6 

83.1 

1.34 

3.09 

?} 

•i 

•?.» 

1     20 

loxA 
12x4 

9.31 

1.06 

50.9 

88.3 

a.34 

3.08 

1    ^' 

'i 

9.18 

1.02 

50.0 

143.0 

2.33 

3.95 

?.i 

II 

II 

1      22 

I2XA 

9-93 

1.19 

53-5 

152.0 

2.32 

3.91 

•I 

/     ^^ 

I4XA 
I4X} 

?* 

10.56 

1.31 

55.8 

235.7 

2.30 

ts 

V.' 

1     "" 

11.43 

1.47 

58.9 

250.3 

a.27 

-5 

7 

9.75 

loX} 

<;} 

8.20 

i.ii 

65.1 

80.1 

2.8a 

3.13 

z' 

«l 

.21 

1      26 

loXA 

12X1 

8.81 

1.30 

69.2 

85.3 

2.80 

3.11 

/  ^? 

71 

8.70 

1.25 

68.0 

137.1 

a.8o 

3.97 

?}» 

tl 

II 

/  ^^ 

I2XA 

i< 

9-45 

1-45 

72.S 

146. 1 

2.77 

3.93 

II 

II 

1     29 
1     30 

r4XA 

I4X} 

?J 

10,08 
10.95 

1.59 
1.77 

7S.3 
79.3 

225.8 
240.1 

2.69 

5:8 

vi 

II 

II 

3X 

7 

12.25 

loxi 

si 

9.70 

0.93 

72.8 

92.1 

2.74 

3.08 

7} 

'A 

•?.' 

3* 

loxA 

10.33 

i.ii 

77-5 

97.3 

2.74 

3.07 

33 

12x1 

7* 

10.20 

1.07 

76.2 

159.1 

2.73 

395 

5I« 

34 

I2XA 

10.95 

1.25 
1.38 

81.4 

168.1 

a.73 

3.92 

35 

I4XA 

9i 

11.58 

84.8 

260.7 

2.71 

4.74 

'i* 

36 

i4Xf 

« 

12.45 

i.SS 

89.8 

275.0 

2.69 

4.70 

tt 

II 

14 
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TABLE  S2.— Continued. 
Propsrtibs  of  Top  Chord  Sections. 


B      ^ 

/ 

hH— r 

1 

W 

of 

^ 

1 

H:^ 

TwO  ChannflW 
and 

Top  Chord  Sections. 

(  t     ; 

\\ 

One  Plate. 

•Jt-fii! 

!il 

B 

Moments  of 

Radii  of  Gyra- 

Sec- 

Channete. 

Cover 

BtoB 
Chan- 
neb. 

GlOM 

tridty" 

Inertia. 

tion. 

Gages. 

Web 
of 

Max. 

, 

«; 

Axis 

Axis 

Axis 

Axis 

Chan- 

tion 
Num- 
ber. 

1 

i 

Plate. 

Axca.^ 

A-A. 

B-B. 

A-A. 

B-B. 

Plate. 

nel. 

Chan- 
nel. 

Rivet. 

b 

e 

Ia 

Ib 

"•a 

Tb 

s 

h 

In, 

Lb. 

In. 

In. 

In.» 

In. 

In.* 

In.« 

In. 

In. 

In.j 

In. 

In. 

In. 

37 

8 

11.25 

I2Xi 

7 

9.70 

1.28 

99.9 

150.2 

3.21 

3.93 

^ 

'i 

.22 

i 

38 

I2Xft 

(( 

10.45 

\t 

106.2 

159.3 

3.19 

3.90 

u 

« 

39 

I4XA 

?, 

11.08 

1 10.4 

247.2 

3.16 

4.72 

"i 

« 

« 

II 

40 

14X1 

11.95 

1.84 

1 16.3 

261.4 

3.12 

4.67 

<( 

C( 

-« 

<i 

41 

i6Xi 

II 

12.70 

1.98 

120.2 

378.5 

3.08 

5.46 

'?.i 

1( 

C( 

II 

42 

16XA 

(( 

13.70 

2.16 

1254 

400.0 

3.03 

5.40 

« 

i< 

i< 

43 

8 

13.75 

12XJ 

6f 

11.08 

1. 12 

109.2 

168.3 

^M 

3.90 

2* 

lA 

.31 

\ 

44 

I2XA 

(1 

11.83 

1.32 

1 16.3 

177.3 

3.13 

3.87 

C( 

(t 

i< 

45 

14XA 

81 

12.46 

1.46 

I2I.O 

276.6 

3.12 

471 

II§ 

« 

« 

K 

46 

C( 

13-33 

1.65 

127.8 

290.9 

3.10 

4.67 

« 

(C 

« 

H 

47 

io| 

14.08 

1.78 

132.5 

421.9 

3.07 

5.48 

13} 

« 

« 

C< 

48 

16XA 

(i 

15.08 

1.96 

138.7 

443.2 

3.03 

5.42 

« 

(1 

c< 

(« 

49 

9 

13.25 

i2Xi 

6i 

10.78 

1.29 

140.9 

162.9 

3.62 

3.89 

2» 

It 

.23 

\ 

SO 

"XA 

U 

"•53 

I.5I 

H9-5 

171.9 

3.60 

3.86 

<l 

i< 

<l 

SI 

14XA 

?* 

12.16 

1.68 

155.3 

268.2 

3.57 

4.70 

iij 

« 

(C 

<« 

S2 

14X 

Ci 

13.03 

1.89 

163.5 

282.4 

3.54 

4.66 

« 

(( 

(( 

II 

53 

i6Xf 

loi 

13.78 

2.04 

169.1 

4099 

3.50 

5.45 

•P* 

« 

l( 

II 

54 

16XA 

C( 

14.78 

2.23 

176.8 

431-3 

346 

5.40 

it 

«< 

« 

« 

55 

9 

15.00 

I2X} 

61 

11.82 

1.17 

149.7 

174.1 

3.56 

3.84 

9\ 

lA 

.29 

\ 

56 

I2XA 

*< 

12.57 

1.39 

158.8 

183.1 

3.5s 

3.82 

« 

(1 

« 

11 

57 

I4XA 

8t 

13.20 

1.54 

165.2 

2874 

3.54 

4.67 

lij 

« 

« 

II 

58 

\m 

C( 

14.07 

1.75 

174.2 

301-7 

3.52 

4.63 

« 

u 

(1 

l< 

59 

IO| 

14.82 

1.90 

180.3 

4394 

3-49 

5.44 

I3i 

i< 

<c 

II 

60 

I6XA 

u 

15.82 

2.09 

188.6 

460.7 

345 

540 

U 

i( 

C( 

« 

61 

10 

15.00 

I4XA 

?» 

13.30 

1.70 

211.7 

289.4 

3-99 

4.67 

III 

ij 

.24 

} 

62 

<i 

14.17 

1.92 

222.8 

303.6 

3-97 

4.63 

(( 

<c 

« 

<l 

63 

'2* 

14.92 

2.09 

2304 
240.6 

441.9 

3-93 

544 

7.i 

a 

it 

«« 

64 

I6XA 

i( 

15.92 

2.30 

463.9 
641.2 

3.89 

5.39 

(( 

It 

M 

65 

iSXft 

'i5* 

16.80 

245 

247.7 

3.84 

6.18 

'?.» 

i< 

u 

<l 

66 

l8Xi 

«( 

17.92 

2.64 

257.1 

671.6 

3.79 

6.12 

(C 

« 

It 

67 

10 

20.00 

14XA 

2* 

16.14 

140 

242.1 

341.2 

3.88 

4.60 

"i 

i| 

.38 

f 

68 

I4X 

« 

17.01 

1.60 

255.2 

355.0 

3.87 

457 

i< 

C( 

i< 

l« 

69 
70 

I6X| 
16XA 

17.76 
18.76 

1.75 
x-95 

2644 
276.9 

520.4 
542.0 

3.86 
3.84 

541 
5.37 

'?.i 

« 
« 

« 

<« 

<l 

-ic 

71 

i8XA 
18X1 

v.* 

19.64 
20.76 

2.09 

286.9 

752.3 

3.82 

6.19 

'5» 

«< 

«< 

II 

72 

CC 

2.28 

297.8 

782.7 

3.79 

6.14 

(( 

C( 

« 

73 

10 

25.00 

14XA 

z» 

19.08 

1.18 

271.8 

383.9 

3.77 

448 

"^ 

'» 

•?; 

} 

74 

«4Xf 
16X| 

<( 

19.95 

1-37 

286.2 

398.2 

3-79 

4.47 

« 

« 

« 

75 

?i 

20.70 

1.50 

296.8 

588.8 

3-79 

5-33 

V.i 

«c 

c< 

<« 

76 

16XA 

21.70 

1.62 

313.6 

610.1 

3.80 

5.30 

« 

« 

IC 

77 

I8XS 

"i 

22.58 

173 

3252 

851.4 

3-79 

6.14 

V* 

<c 

« 

«< 

78 

l8xi 

(( 

23.70 

1.99 

336.0 

881.8 

3.77 

6.10 

« 

<c 

« 

« 

144 


TABLE  B2,— -Continued. 
Properties  of  Top  Chord  Sections. 


, r-e^ ! <1- 

•1^^ 

1 

r^ 

P»^         ^_l 

— .!_ 

H'^ 

Two  Channels 
and 

Top  Chord  Sections. 

1 

One  Plate. 

\  Moments  of 

Radii  of  Gyra- 

Sec- 

Channels. 

Cover 

BtoB 
Chan- 
nels. 

Total 

Eccen- 
tricity. 

Inertia. 

tion. 

Gages. 

Web 
of 

Max. 

. 

^ 

Axis 

Axis 

Axis 

Axis 

aSan- 

tion 
Num- 
ber. 

1 

1 

Plate. 

Area. 

A-A. 

B-B. 

.A-A. 

B-B. 

Plate. 

nels. 

Chan- 
nels. 

Rivet. 

b 

e 

Ia 

Ib 

'•a 

Tb 

g 

h 

In. 

Lb. 

In. 

In. 

In.« 

In. 

In.* 

In.* 

In. 

In. 

In. 

In. 

In. 

In. 

79 

12 

20.50 

I6X| 

?i 

18.06 

2.06 

409.8 

485.8 

4.76 

S.19 

\i 

I« 

.28 

I 

80 

16XA 
i8Xi 

19.06 

2.28 

427.6 

507.1 

4.74 

5.16 

i( 

(( 

t( 

81 

III 

18.91 

2.21 

422.^ 
440.6 

682.1 

4.73 

6.00 

\} 

(( 

C(       - 

<( 

82 

18XA 

«( 

19.94 

2.46 

712.4 

4.70 

5.98 

« 

<( 

(( 

83 

20XA 

•?.* 

20.81 

2.62 

452.5 

957.5 

4.66 

6.78 

7 

(C 

«< 

«< 

84 

20X} 

22.06 

2.83 

469.8 

999.1 

4.61 

6.73 

C( 

(( 

« 

CI 

8S 

12 

25.00 

i6Xf 

21 

20.70 

1.79 

4514 

550.0 

4.67 

5.16 

y 

1} 

;?? 

i 

86 

16XA 
i8Xf 

21.70 

2.01 

471.5 

571.3 

4.66 

5.13 

« 

<( 

87 

"i 

21.45 

1.95 

465.1 

774.9 

4.66 

6.01 

IS 

« 

u 

<( 

88 

18XA 

« 

22.58 

2.17 

486.5 

805.2 

4.64 

5.98 

« 

l( 

« 

<( 

89 
90 

20XA 
20Xi 

'?.i 

23.4s 
2470 

2.32 
2.53 

500.3 
520.5 

1084.7 
1 126.3 

4.62 
4.59 

6.80 
6.75 

\7 

« 

91 

12 

30.00 

i6X| 

2 

23.64 

157 

494-9 

61 1.4 

4.58 

5.08 

'.? 

2 

•?.' 

i 

92 

16XA 
i8X| 

24.64 

1.77 

517.3 

632.7 

4.58 

5.06 

(C 

93 

II 

24.39 

1.71 

^10. 1 

865.7 

457 

5.96 

'.? 

« 

« 

" 

94 

18XA 
20XA 

<c 

25.52 

1.92 

534.1 

896.0 

4.58 

5.93 

(C 

<l 

« 

95 

'?. 

26.39 

2.06 

549.8 

I2II.I 

4.56 

6.78 

17 

(C 

<( 

it 

96 

2oXi 

27.64 

2.34 

567.6 

1252.7 

4.53 

6.73 

(« 

c< 

« 

tt 

97 

IS 

33.00 

i8Xf 

lof 

26.55 

1.96 

922.8 

936.7 

5.90 

5.94 

\l 

2A 

.40 

i 

98 

18XA 

« 

27.68 

2.20 

961.0 

967.0 

5.89 

5.91 

u 

« 

tt 

99 

20XA 

I2| 

28.55 

2.36 

986.7 

1307.1 

5.88 

6.76 

\7 

« 

(i 

tt 

100 

20X1 

(k 

29.80 

2.60 

1024.5 

1348.7 

5.86 

6.72 

« 

« 

tt 

Id 

22XJ 

M» 

30.80 

2.77 

1050.2 

I761.I 

5.84 

7.56 

'.? 

« 

« 

tt 

102 

22XA 

32.18 

3.00 

1085.5 

1816.5 

5.81 

7.50 

« 

« 

tt 

103 

IS 

35.00 

i8X| 

"t 

27.33 

1.90 

940.5 

965.7 

5.87 

595 

'.? 

*A 

•f; 

i 

104 

18XA 

« 

28.46 

2.14 

979.7 

996.0 

5.87 

5.92 

« 

it 

IDS 

20XA 
20XJ 

«l 

29.33 

2.30 

1005.6 

1346.7 

5.86 

6.78 

17 

« 

C( 

tt 

106 

(« 

30.58 

2.53 

1044.4 

1388.3 

5.84 

6.74 

«c 

« 

« 

tt 

107 

22Xi 

'it 

31.58 

2.70 

1070.8 

181I.7 

5.82 

7.58 

'.? 

(C 

« 

It 

108 

22XA 

32.96 

2.92 

1 107.9 

1867.I 

5.79 

7.52 

M 

« 

" 

109 

15 

40.00 

i8Xf 

lOl 

30.27 

1.71 

1005. 1 

1039.3 

5.76 

5.86 

'.? 

2A 

•^? 

i 

no 

18XA 

<( 

31.40 

1.94 

1047.0 

1069.6 

5.77 

S.84 

(( 

ti 

tt 

III 

20XA 
20XJ 

«l 

32.27 

2.09 

1074.8 

1453.5 

5.77 

6.71 

17 

(( 

u 

tt 

112' 

<« 

33.52 

2.31 

1 1 16.7 

I495.I 

5.77 

6.68 

« 

« 

it 

tt 

"3 

22Xi 

Hi 

34.52 

2.47 

1 145.4 

1956.5 

5.76 

7.52 

'.? 

It 

t€ 

tt 

114 

22XA 

U 

35.90 

2.68 

1 186.2 

201 1.9 

5.75 

7.48 

n 

« 

tt 

"5 

IS 

45.00 

i8Xf 

Id 

33.23 

1.56 

1068.2 

1127.9 

5.67 

5.82 

'.? 

2f 

.62 

i 

116 

18XA 

« 

34.36 

1.77 

1 1 12.0 

II58.2 

5.69 

S.81 

(C 

« 

tt 

117 

20XA 

20Xi 

I2i 

35-23 

1.92 

1141.9 

1577.3 

5.69 

6.69 

17 

(C 

<( 

tt 

118 

(( 

36.48 

2.12 

1 186.4 

1618.9 

5.70 

6.66 

u 

« 

€t 

tt 

119 

22XJ 

I4I 

37.48 

2.28 

1217.2 

2T20.7 

5.70 

7.52 

\? 

c« 

tt 

tt 

120 

22XA 

« 

38.86 

2.48 

1260.6 

2 176. 1 

5.70 

7.48 

it 

« 

€1 

tt 

145 


TABLE  83. 
Propertibs  of  Top  Chord  Sections. 


: 

T"^ 

I 

r 

1 

4. 

Four  Angles                         | 

Highway  Bridse 

< 

1T7II 

_-— 

and 

1 

Top  Chord  Sectiooa. 

Three  Plates.                         1 

^ 

u,  : 

]-  ■" 

MomenUof 

RadfloTGyta. 

Plates. 

Angles. 

Inertia. 

tkm. 

Gross  Area. 

Ecoen- 
tridty. 

Axis 

A.i. 

Axis   1    Axis 

Section 

A-A. 

E-B 

A-A.   1   B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

'  rx     1     tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

laches. 

Inches«.|lnches«. 

Inches.  Inches. 

12"  X  X4"  Section.    A  Series.                                                                      | 

♦l 

I2"xl" 

I4"xft" 

2jx2ixA 

»ix2ixA 

16.26 

1.66 

359 

351 

4.70 

465 

2 

«     ■ 

« 

(( 

(C 

17.76 

1.52 

381 

378 

4.63 

4.61 

3 

c«    i 

(1 

K 

« 

19.26 

1.40 

402 

404 

4.57 

458 

4 

« 

« 

<c 

20.76 

1.30 

423 

429 

4.52 

455 

I 

M 

U 

« 

22.26 

I.2I 

443 

453 

4.46 

4-5* 

M     JL. 

((      1 

C< 

«< 

u 

23.76 

I.14 

463 

476 

4.41 

448 

7 

C( 

M 

<c 

25.26 

1.07 

483 

498 

4.37 

4-44 

♦8 

I2xi 

i4xA 

2ix2ixA 

aixaixf 

16.80 

1.45 

384 

367 

4.78 

4.67 

9 

**  A 

« 

« 

(« 

18.30 

1.33 

405 

394 

4.70 

4-63 

ID 

<«  1 

C( 

« 

« 

19.80 

1.23 

425 

420 

4.63 

4.60 

II 

«    1 

(( 

« 

U 

21.30 

I.14 

445 

445 

4.57 

4-57 

12 

« 

<• 

M       • 

22.80 

1.07 

46s 

469 

4.52 

4-54 

13 

:f 

<c 

fC 

M 

24-30 

1. 00 

485 

492 

4.47 

450 

H 

M 

« 

M 

25.80 

0.94 

504 

514 

442 

4-47 

•'1 

I2X} 

i4xA 

*lx2ixA 

zJxiJxA 

17.32 

1.25 

405 

383 

4.83 

^Vi 

i6 

"A 

« 

« 

18.82 

I.I6 

425 

410 

4.75 

4.66 

17 

<l 

<« 

M 

« 

20.32 

1.06 

%■ 

436 

4.68 

4.63 

i8 

"i^ 

<c 

M 

M 

21.82 

0.99 

461 

4.61 

4-5? 

19 

« 

« 

U 

«< 

23.32 

0.93 

484 

485 

4.55 

4.56 

20 

::f 

(( 

K 

« 

24.82 
26.32 

0.87 

S03 

508 

4.50 

4-5* 

21 

c« 

M 

U 

0.82 

S22 

530 

4.46 

4-49 

♦22 

■?i 

I4JeA 

2jx2ixA 

2ix*JxJ 

1782 

1.07 

4*5 

398 

4.88 

♦•2 

23 

:f 

« 

C( 

M 

19.32 

0.99 

444 

425 

479 

469 

24 

<« 

M 

M 

20.82 

0.92 

46J 

451 

4.71 

4.65 

25 

t 

«« 

M 

tf 

22.32 

0.86 

483 

476 

4.65 

4.62 

26 

M 

C4 

tt 

23.82 

0.80 

S02 

500 

4.59 

4-58 

27 

"f 

«< 

M 

U 

25.32 

0.75 

5*1 

523 

454 

4-55 

28 

<c 

M 

M 

26.82 

0.71 

540 

545 

4.49 

4-Si 

•29 

I2X} 

I4jA 

iJxjJxA 

2j«ixA 

18.32 

0.91 

44* 

414 

^•2* 

4-75 

30 

it     • 

M 

M 

(( 

19.82 

0.84 

461 

% 

4.82 

4-7> 

31 

«c  1 

«« 

M 

« 

21.32 

0.78 

480 

4.74 

468 

32 

«     t 
((    1 

«< 

« 

M 

22.82 

0.73 

499 

492 

4.67 

4.64 

33 

« 

«< 

M 

24.32 

0.68 

518 

S16 

4.61 

4.60 

34 

::f 

(( 

« 

C< 

25.82 

0.64 

536 

539 

4.56 

4-56 

35 

<« 

<« 

«( 

27.32 

0.61 

555 

561 

4.51 

453 

•Sp 

acing  of  ri 

vet  lines  0 

r  web  greater  than  30  X  thick] 

less  of 

plate. 

1 

146 


TABLE  83.— Con/tniM^. 
Propbrtibs  of  Top  Chord  Sections. 


^ 


Properties  ot 

Highway  Bridge 

Top  Chord  Sectiooa. 


4L.. 

L 


B 


--nt 


Pour  AakIm 

MM] 

Thrttt  VU,\mt 


Number. 


■        44 


Plates. 


Web. 


Com, 


Angles. 


Gtoss  Aic». 


Top.  Bottom. 


Indies.    -     Inches. 


I  J"  X  14" 


♦36 

fix} 

37 

M        « 

18 

M     1 

39 
40 

M     1 

41 
4* 

M       • 

•43 

121J 

44 

-A 

45 

"1 

46 

4"^ 

4* 
49 

«    t 

•=a 

taj 

51 

52 

-f 

£J 

:^ 

^ 

1 

f? 

*A 

r^ 

'4 

•-.^ 

arss 

;:§ 

^4 

^31. 

"i 

•5C 

"  3 

•ic 

•^  iE 

TC 

"4 

•15 

*i 

•^* 

32=5: 

IC 

'  * 

m 

"  j 

1*^ 

"i 

13* 

■*  . 

•la. 

•     •  rfe 

Tt 

i4xA   iiJxiixA   jJtiJxA 


141*        2\M2i%ik       S*^M 


M^A      iiz4*i     J3titri 


iMcci     ii:c^b-i<    >'-bi 


iiipi      i5S=^-?-fi     ^riA::.^i 


Inr^bei^. 

17.1$ 

tt/A 

14/A 

17 -K- 

^•'^ 


trkitK' 


lpwh«s. 


Ml9ttl#'tfUl  fff 

InrfitM 


K  A, 


I    Asls 


MmIII  (if  fvyftt- 


Aftl4 

A  A. 


n 


fA       I       '^ 


U    i    u 


l.ii 


377 
3'>< 

4V/ 

47V 


toy 

4»7 

-5.//, 

W^ 

-.r/j 

y< 

-tV. 

f*^ 

-.M> 

^-4 

/^  -^< 

^^ 

''• .  ** 

^irj: 

3<^ 

4^« 

47'5' 
4^/1 
PI 

1*7 
4*4 

% 

¥^ 

4n 

?i 


4^77 
4//> 
4M 
4V' 
4U 
4^¥* 
44* 

4M 
4-7* 
4^f/ 

4.y^ 
4^; 
4^^ 

4/A 

47f 
4^ 
^/A 

4\\ 
4^y 


4U4 

i'W 

fJ<iJ 

i'^ 

r^ 

i;->* 

^A. 

C-'V 

t^ 

4X^ 

5*V 

^'t-' 

ri^ 

li-^ 

ii«f 

*^ 

tTK 

ft^ 

*yc 

4^ 

4^p 
4M 

4-4^/ 

474 
4.f^ 

4.//J 
4V/ 
4-ii 
4U 

41^ 

4-'74 

4^r 

4^ 
4<4 
4^^ 

^p 

4^ 

4^ 

4<< 

4H 
4^ 
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TABLE  BS.'-CimHnued. 
Properties  of  Top  Chord  Sections. 


jr 

r 

1 

IH 

Properties  of 
Highway  Bridge 

^ 

rr.  r-::^- 

Four  Angles 
and 

•.. 

_ ,      * 

Top  Chocd  Sections. 

*f 

J^ 

Three  Plates. 

IJH 

r 

L.I 

J 

l^.^^a..K^ 

Plates. 

Angles. 

^•^ Arwa 

Eccen- 

Moments of 
Inertia. 

Radii  of  Gym- 
tion. 

oross  Area. 

tricity. 

Axis 

Axis 

Axis 

Axis 

Section 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

J-A 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

14"  X  i6"  Section.    A  Series.                                                                   | 

> 

14x1 

I6x| 

3X3xA 

3X3xA 

20.12 

2.14 

606 

546 

5-49 

5.21 

♦72 

f* 

« 

<( 

(( 

21.87 

1.97 

641 

585 

541 

5.17 

73 

"*. 

« 

<( 

<c 

23.62 

1.82 

677 

623 

535 

5-13 

74 

«   JL 

tt 

c< 

«( 

2537 

1.70 

711 

660 

S.29 

5.10 

8 

« 

u 

• 

<c 

27.12 

1.59 

744 

696 

5.24 

5.06 

«(  1 

(( 

« 

« 

28.87 

1.49 

777 

731 

S.»9 

5.02 

77 

M 

«< 

•( 

30.62 

I.41 

808 

765 

5.14 

4-99 

♦78 

'fPi 

l&l 

3x3xft 

jxpxf 

20.78 

1.88 

648 

570 

5.58 

5.24 

•79 

t* 

M 

« 

22.53 

X.73 

683 

609 

5.50 

5.20 

80 

M 

« 

« 

<« 

24.28 

1.61 

716 

647 

5.43 

5.16 

81 

■t 

«< 

« 

€t 

1.50 

749 

684 

5.36 

5.12 

82 

M 

« 

tt 

27.78 

MI 

781 

720 

5.30 

5.09 

83 

't 

« 

«< 

tt- 

29.53 

1.32 

813 

755 

5.2s 

5.06 

.84 

C< 

M 

tt 

31.28 

1.25 

845 

789 

5.20 

5.04 

?5 

^fi 

i6x| 

3x3fA 

3x3xA 

21.44 

1.64 

688 

594 

5.66 

5.26 

•86 

"t 

« 

« 

« 

23.19 

1.52 

722 

633 

5.58 

5.22 

87 

« 

tt 

« 

l^^ 

1.41 

^ 

671 

550 

5.18 

88 

It 

« 

« 

u 

1.32 

708 

5.42 

5.15 

89 

<C 

« 

M 

2844 

1.24 

816 

744 

5.36 

5.11 

90 

«f 

(( 

(( 

«C 

30.19 

1. 17 

848 

779 

5.30 

5.08 

91 

« 

<c 

tt 

31.94 

1. 10 

879 

813 

5.24 

504 

V 

I4ii 

i6xi 

3x3xA 

3XJ.} 

22.06 

1.43 

721 

618 

5.72 

5.29 

•93 

^ 

« 

i< 

23.81 

1.32 

755 

657 

5.63 

525 

94 

«C 

<( 

« 

M 

25.56 

1.23 

786 

695 

5-54 

5.21 

95 

^S 

M 

« 

« 

27.31 

1.15 

818 

732 

547 

5.18 

96 

(( 

« 

C« 

29.06 

1.08 

848 

768 

5.40 

5.14 

97 

:f 

C< 

« 

M 

30.81 

1.02 

879 

803 

5.34 

510 

98 

M 

M 

<« 

32.56 

0.97 

909 

837 

5.28 

5.07 

♦99 

14x1 

i6z| 

3I3XA 

3X3** 

22.68 

1.23 

756 

641 

5.77 

5.31 

♦100 

"  JL 

<« 

« 

(C 

^i 

1.14 

787 

680 

5.67 

5.27 

lOI 

«   1 

(( 

M 

« 

1.07 

817 

718 

5.58 

524 

101 

€1    JL 

« 

tt 

(( 

27.93 

1. 00 

848 

755 

5.50 

5.20 

103 

<«  1 

M 

tt 

c< 

29.68 

0.94 

878 

791 

543      5.16 

104 

:f 

« 

tt 

« 

31-43 

0.89 

908 

826 

5.37       5-12 

105 

M 

tt 

« 

33.18 

084 

938 

860 

5-32      509 

•Sp 

ocing  of  rivet  lines  o 

f  web  greater  than  30  X  thicki 

[less  of 

pUte.                                    1 
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TABLE  ^3,—ConHuu^. 
Properties  of  Top  Chord  Sections. 


1 

't  .ii 

F 

Propertietof 

Highway  Bridge 

Top  Chord  Sectiooa. 

c  "" 

-  'j^^ 

177. 

Four  Angles 

and 
Three  Plates. 

■Ji 

L. 

B 

Plates. 

Angles. 

Gross  Area. 

Eccen- 

MomenU  of 
Inertia. 

RadU  of  Gyxa- 
Uon.          [ 

tridty. 

Axis 

Axis 

Axis 

Axis 

Section 

Number. 

Web 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

lA 

IB 

ta 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches 

•io6 

^i^K 

I6x} 

3x3xA 

3x^x1 

23.28 

1.05 

784 

66s 

5.80 

5.34 

♦107 

«  1 

*t 

« 

25.03 

0.98 

814 

704 

5.70 

5.30 

108 

« 

c< 

26.78 

0.92 

844 

742 

5.61 

5.26 

109 

M    1 

« 

u 

28.53 

0.86 

875 

779 

5.53 

5.22 

no 

(1 

ii 

30.28 

0.81 

904 

815 

5.46 

5-19 

III 

't 

tt 

tt 

32.03 

0.76 

934 

850 

5.39 

5.15 

112 

It 

u 

ti 

33.78 

0.73 

963 

884 

5.34 

5.12 

14"  X  16"  Section.    B  Series. 

1 

•113 

14^1 

i6x} 

3X3xA 

^2^-h 

20.74 

1.87 

654 

590 

5.62 

5-33 

•114 

JL. 

« 

« 

tt 

22.49 

1.72 

689 

629 

5.53 

5.29 

"5 

c< 

IC 

ti 

24.24 

1.60 

722 

667 

5.46 

5.24 

116 

«   JL 
c<    1 

« 

« 

tt 

25.99 

1.49 

755 

704 

5-39 

5.20 

117 

« 

« 

ti 

27.74 

1.40 

788 

740 

5.33 

5.16 

118 

't 

K 

M 

(( 

29.49 

1.32 

819 

775 

527 

512 

119 

M 

(( 

M 

31.^4 

1.24 

851 

809 

5.22 

5.08 

*I20 

I4xi 

i6z} 

3x3xA 

4x3x1 

21.52 

1-57 

» 

624 

5-72 

5.38 

•121 

"^ 

(1 

«< 

23.27 

1.46 

663 

5.62 

5.34 

122 

« 

Cf 

« 

tt 

25.02 

136 

768 

701 

5.54 
5.46 

5.29 

123 

^f 

« 

« 

U 

26.77 

127 

800 

738 

5.25 

124 

« 

« 

« 

28.52 

I  19 

831 

774 

5.40 

5.21 

I2S 

:f 

u 

« 

tt 

30.27 

I  12 

862 

809 

5  34 

5.17 

126 

« 

(« 

«« 

32.02 

1.06 

892 

843 

5.28 

5.13 

♦127 

I4xi 

I6II 

313XA' 

4x33cA 

22.30 

1.31 

748 

658 

5-79 

5.43 

•128 

«    i 

(c   1 

(( 

(1 

«< 

24.05 

1.21 

780 

697 

5.69 

5.38 

129 

<c 

« 

M 

25.80 

1.13 

810 

735 

5.60 

5.33 

130 

c<   JL 

(« 

« 

« 

27.55 

1.06 

841 

772 

5.52 

^29 

131 

«    1 

M 

(( 

« 

29.30 

1.00 

872 

808 

545 

5.25 

132 

<« 

M 

(C 

31.05 

0.94 

902 

^3 

5  38 

5.21 

133 

(( 

«< 

« 

32.80 

089 

932 

877 

5.33 

5.17 

•134 

»4il 

i6xi 

33t3xA 

4x3x1 

23.06 

1.08 

787 

690 

5.84 

5.47 

♦i3S 

::f 

« 

«<. 

24.81 

1.00 

817 

729 

5.73 

5.42 

136 

u 

« 

(( 

26.56 

0.93 

848 

767 

5.65 

5.37 

137 

"t 

M 

M 

« 

2831 

0.88 

877 

804 

556 

5.32 

138 

M 

«< 

<« 

30.06 

0.83 

907 

840 

549 

5.28 

139 

"'t 

«( 

« 

(( 

31.81 

0.78 

938 

875 

5-42 

5.24 

140 

« 

« 

« 

3356 

0.74 

967 

909 

5.37 

5.20 

*Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thicki 

less  of 

plate.                                    1 
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TABLE  S3.— -Continued. 
Properties  of  Top  Chord  Sections. 


^ 

f"! 

■   !  ■ 

r 

1 

Properties  of 

Highway  Bridge 

Top  Chord  Secdoits 

LTz: 

— 

i; 

Four  Angles 

and 
Three  Plates 

^ 

t 

Plates. 

Angles. 

Moments 
of  Inertia. 

RadU  of  Gyra- 
tion. 

Gross  Area. 

Eccen- 

tricity. 

Axis 

Axis 

Axis       Axis 

Section 

A-A. 

B-B. 

A-A.       B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

^A 

tb 

Inches. 

Inches 

Inches. 

Inches. 

Inched. 

^ches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

♦141 

'^K 

I6xf 

3x3fA 

4x3?* 

23.80 

0.85 

8*4 

724 

5.88 

5.51 

•142 

H       1 

« 

« 

« 

25.55 

0.79 

8S3 

763 

5.77 

547 

143 

M 

« 

<« 

27.30 

0.74 

883 

801 

5.68 

542 

144 

c<  i 

« 

« 

c< 

29.0s 

0.69 

913 

838 

5.60 

5.37 

145 

« 

<« 

M 

30.80 

0.65 

94a 

874 

5.52 

5.32 

146 

~t 

(« 

<« 

« 

32.55 

0.62 

971 

909 

5.46 

5.28 

147 

« 

« 

« 

34.30 

0.59 

1000 

943 

5.40 

5.24 

♦143 

i^j 

i6x| 

3x3xA 

4x;.x| 

24.52 

0.65 

856 

756 

5.91 

5.55 

♦149 

::f 

(( 

i( 

26.27 

0.61 

884 

795 

5.80 

5.50 

150 

M 

M 

M 

28.02 

0.57 

914 

833 

5-71 

545 

151 

t 

f( 

<( 

K 

29.77 

0.54 

94a 

870 

S.62 

541 

152 

(C 

« 

(C 

3x52 

0.51 

972 

906 

5.55 

5.36 

153 

::f 

« 

<l 

« 

3327 

0.48 

lOOI 

941 

5.48 

5.32 

IS4 

« 

« 

M 

35.02 

0.46 

1030 

975 

542 

5.28 

14"  X  17^  SectJoo.                                                                               1 

•iss 

I4xj 

«7xf 

3i33tA 

4x3xA 

21.12 

1.96 

66s 

704 

S.61 

5.77 

•156 

«   1 

(C 

« 

«« 

22.87 

1.82 

699 

751 

5.52 

5.73 

157 

«< 

«« 

C( 

24.62 

1.69 

734 

797 

5.45 

5.68 

158 
159 

«    1 

«( 

M 

«« 

26.37 
28.12 

1.57 
1.47 

767 
800 

^ 

5.39 
5.33 

5.65 
5.61 

160 

■t 

i« 

« 

c« 

29.87 

1.39 

833 

929 

5.28 

5.57 

161 

u 

« 

cc 

31.62 

I.31 

864 

971 

5.22 

5.54 

♦162 

u  1 

"** 

3x3xA 

4x^x1 

21.90 

1.67 

71S 

743 

5.71 

5.82 

♦163 

« 

« 

23.65 

1.55 

748 

790 

5.62 

5.77 

164 

<i 

« 

M 

25.40 

1.44 

780 

836 

5.54 

5.73 

*55 

«<     i 

« 

«« 

M 

27.15 

1.35 

813 

881 

5.47 

5.69 

166 

<c 

(4 

«( 

28.90 

1.27 

84s 

925 

5.41 

5.6s 

'S 

't 

M 

U 

M 

30.65 

I.19 

875 

968 

5-35 

S.62 

168 

K 

« 

« 

3240 

I.13 

907 

lOIO 

5.29 

5.58 

♦169 

i4xi 

I7x| 

3X3xA 

4X3xA 

22.68 

140 

761 

781 

5-79 

5.86 

♦170 

JL 
u  1 

€< 

« 

« 

24.43 
26.18 

1.30 

792 

828 

5.69 

S.82 

171 

<C 

M 

(« 

1.22 

!*♦ 

874 

5.60 

5.77 

17a 

« 

M 

<4 

27.93 

I.I4 

Ill 

919 

5.53 

5.73 

173 

<C 

« 

C< 

29.68 

1.07 

963 

546 

S.69 

174 

:f 

<( 

ii 

« 

3M3 

1. 01 

917 

1006 

5.40 

5.65 

175 

« 

l< 

<C 

33.18 

0.96 

946 

1048 

5.34 

5.61 

•Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  30  X  thickr 

less  of  plate. 

1 
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TABLE  Z3.^CofUinu^, 
Properties  of  Top  Chord  Sections. 


r 

t 

1 

!" 

■  r 

Properties  of 

A 

:  ni-.it* 

Pour  Angles 

Hisliway  Bridoe 

— .- 

..... 

-... 

and 

Top  Chocd  Sectiooi. 

4 

i; 

Three  Plates. 

^.cJ 

1 

jr 

Plates. 

Angles. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Gross  ^Area. 

Eccen- 
tricity. 

Axis 

Axis 

Axis 

Axis 

Section 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•176 

I4xi 

^74 

3X3fA 

4x?xJ 

23.44 

1.17 

801 

8x9 

5.84 

590 

•177 

A 

« 

<( 

25.19 

1.09 

832 

866 

5.75 

5.86 

178 

"  t 

« 

« 

tt 

26.94 

1.02 

862 

912 

5.66 

5.82 

179 

"  JL. 

« 

«c 

tt 

28.69 

0.96 

893 

957 

5.58 

5.78 

180 

«  1 

it 

« 

tt 

30.44 

0.90 

923 

lOOI 

5.51 

5.74 

181 
182 

(C    1 

tt 
(( 

It 
tt 

tt 

32.19 
33.94 

0.85 
0.81 

953 
983 

1044 
1086 

1.U 

.5.66 

•183 

i4xi 

'7J* 

3X3jA 

^?fA 

24.18 

0.94 

839 

858 

5.89 

5.95. 

♦184 

JL. 
«    1 

<« 

cc 

« 

25.93 

0.88 

869 

905 

5.79 

590 

185 

« 

« 

M 

27.68 

0.82 

898 

951 

5.69 

5.86 

186 

«   JL 

M 

tt 

« 

29.43 

0.77 

928 

996 

5.61 

5.81 

187 

«    1 

(( 

tt 

(( 

31.18 

0.73 

958 

1040 

5.54 

5.77 

188 

K       • 

« 

tt 

tt 

32.93 

0.69 

987 

1083 

5.47 

5-73 

189 

«    1 

« 

tt 

tt 

34.68 
36.43 

0.66 

1017 

1125 

5.41 

5.69 

190 

((     11 

« 

tt 

tt 

0.63 

1046 

1 166 

5.35 

5.65 

•191 

'.f*. 

'TJ* 

3x3xA 

4^.x| 

^S 

0.75 

871 

895 

5.91 

599 

•192 

JL 
c<    a 

C( 

« 

0.70 

901 

94a 

5.81 

5.94 

193 

« 

« 

« 

2840 

0.66 

930 

988 

572 

5.89 

194 
195 

<c   1 

« 

30.15 
31.90 

0.62 
0.59 

959 
988 

1033 
1077 

5.6J 
5.56 

5.85 
5.81 

196 

r^ 

M 

tt 

« 

33.65 

0.56 

1018 

1120 

5.50 

5.77 

197 

<c 

« 

tt 

(( 

35.40 

0.53 

1047 

1162 

l:tJ 

573 

198 

"H 

<i 

tt 

(C 

3MS 

0.50 

1076 

1203' 

5.69 

199 

4 

« 

tt 

M 

38.90 

0.48 

1 105 

1243 

533 

S.65 

•200 

^fi 

''J* 

3x3fA 

4X3xH 

25.62 

0.57 

903 

931 

5.94 

6.03 

*20I 

IP 

« 

« 

(( 

27.37 

0.53 

931 

978 

5.84 

5.98 

202 

<*  J 

« 

tt 

« 

29.12 

0.50 

961 

1024 

5.7? 

iH 

203 

"f 

«« 

tt 

tt 

30.87 

0.47 

990 

1069 

5.66 

204 

M  • 

tt 

tt 

32.62 

0.45 

1018 

III3 

5.59 

5.84 

20s 

"A 

M 

tt 

tt 

34.37 
36.12 

0-42 

1048 

1156 

553 

5.80 

206 

M       . 

«< 

tt 

tt 

0.40 

1076 

1198 

5.46 

5.76 

207 

!!t* 

« 

tt 

tt 

37.87 

0.38 

1105 

1239 

5.40 

5.72 

208 

4 

« 

tt 

tt 

39.62 

0.37 

"35 

1279 

5.35 

5.68 

•Sp 

adng  of  rivet  lines  0 

I  web  greater  than  30  X  thicki 

leMof  ] 

plate. 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


f 

r*^ 

! 

r 

Properties  of 

Highway  Bridge 

Top  Chord  Sectioofl. 

«  """ 



--f 

Poor  Angles 

and 
Three  Plates. 

.^ 

L=.. 

: 

jt 

Plates. 

Angles. 

Moments  of 
Inertia. 

tion. 

Gross  Area. 

Ecoen- 
tridty. 

Axis 

Axis 

Axis 

Axi« 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

TA 

r» 

Inches. 

.  Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

15"  X  17"  Section. 

♦209 

'}^f 

^nS 

3x3xA 

43t3xA 

23.SO 

1.89 

821 

766 

5-2' 

S-7I 

•210 

(C 

<i 

« 

25.38 

1-75 

862 

816 

5.83 

5.67 

211 

"  JL 

« 

i( 

<« 

27.25 

1.63 

902 

865 

HI 

S-6j 

212 

<i   1 

<( 

c< 

M 

29.13 

1.52 

942 

912 

5.68 

SS9 

213 

c<     • 

<« 

<« 

« 

31.00 

1-43 

983 

958 

5.62 

5.56 

214 

<i 

« 

« 

<C 

32.88 

1-35 

102I 

1003 

5.57 

S-Si 

215 

r<  * 

« 

M 

M 

34-75 

1.28 

1059 

1047 

5.52 

S-49 

216 

«  , 

M 

« 

<« 

36.63 

1.21 

1097 

1090 

547 

S.46 

♦217 

'^^f 

I7xf 

33c3xA 

4x^x1 

24.28 

1.61 

877 

807 

6.01 

S.76 

♦218 

« 

« 

26.16 

1-49 

917 

857 

5.92 

S-7* 

219 

it     t 

« 

« 

M 

28.03 

1.39 

956 

906 

5.84 

5.68 

220 

c(   X 

« 

c« 

M 

29.91 

1.31 

994 

953 

5.76 

5-6+ 

221 

««     • 

« 

« 

U 

3x78 

1.23 

1033 

999 

5.70 

S.60 

222 

tt 

« 

« 

M 

33.66 

1.16 

1071 

1044 

5.64 

S-S7 

223 

«t* 

i< 

c« 

M 

35-53 

1. 10 

1108 

1088 

5.58 

S-54 

224 

« 

<( 

« 

M 

37^1 

1.05 

"45 

1131 

5.53 

SSO 

♦225 

vf 

iTxf 

3x3xA 

4^3^* 

25.06 

1.36 

929 

845 

6.08 

5.81 

♦226 

« 

«< 

<i 

26.94 

1.26 

967 

895 

5.98 

S.76 

226 

:i 

M 

«( 

u 

28.81 

1.18 

1005 

944 

5.90 

S.7» 

227 

<« 

«< 

M 

30.69 

1. 11 

1042 

991 

5.82 

5.68 

228 

JL. 
«   1 

«« 

a 

C« 

32.56 

1.04 

1080 

1037 

5.76 

5.6+ 

229 

<« 

M 

M 

34-44 

0.99 

1117 

1082 

5.69 

5.61 

230 

«    11 

C(     1 

« 

c< 

«« 

36.31 

0.94 

I154 

1126 

\% 

S-S7 

231 

M 

M 

C« 

38.19 

0.89 

1191 

1169 

5-53 

•232 
•233 

?:t 

•¥ 

3X3XA 

4XJX} 

25.82 
27.70 

1.13 
1.05 

973 

lOIO 

883 
933 

5.84 
S.80 

234 

If 

M 

« 

M 

29.57 

0.99 

1047 

982 

S-9S 

S.76 

235 

•< 

M 

« 

3145 

0.93 

1084 

1029 

5-87 

5-7* 

236 

"A 

CC 

« 

« 

33.32 

0.88 

1121 

1075 

S-79 

5.68 

237 

« 

« 

<I 

C4 

35.20 

0.83 

X158 

1120 

S-73 

5.64 

238 

!!  ♦ 

« 

«< 

<« 

37.07 

0.79 

1194 

1164 

S.68 

5.61 

239 

«« 

« 

M 

U 

38.95 

0.75 

1230 

1207 

S.62 

s-y/ 

♦Sp 

adng  of  rivet  lines  0 

r  web  greater  than  30  X  thkkneag  of  | 

plate. 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


? 

^ 

\" 

r 

Properties  of 
Highway  Bridse 

4^.1J 

Four  Angles 
and 

Top  Chord  SecUooa. 

t        1 

Three  Plates. 

i 

Plates. 

Angles. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Gross  Area. 

Eccen- 
tricity. 

Ails 

Axis 

Axis 

Axis 

Section 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

J-A 

Tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•240 

I5xA 

I7xf 

3X3XA 

4X3xA 

26.56 

0.91 

IO16 

920 

6.18 

5.88 

•241 

It   i 

(1 

(( 

« 

28.44 

0.85 

1052 

970 

6.08 

5.84 

242 

((  jr 

« 

u 

<( 

30.31 

0.80 

1089 

IOI9 

5-99 

5.80 

H3 

((  1 

« 

tt 

« 

32.19 

0.75 

1125 

1066 

5.91 

5.76 

244 

c<     s 

« 

c< 

i( 

34.06 

0.71 

I161 

III2 

5.84 

5.72 

245 

« 

(( 

(( 

(( 

35.94 

0.68 

II97 

II57 

5.77 

5.68 

246 

"tt 

It 

(( 

M 

37.81 

0.64 

1233 

I20I 

5.71 

5.64 

247 

c<   a 

« 

cc 

<« 

39.69 

0.61 

1269 

1244 

5.65 

5.60 

•248 

'5^f 

I7x| 

3x3fA 

4x^x1 

27.28 

0.72 

1055 

959 

6.22 

^•25 

♦249 

« 

(( 

29.16 

0.67 

109I 

1009 

6.12 

5.88 

250 

"  JL. 
«   I 

i< 

« 

« 

31.03 

0.63 

II27 

1058 

6.03 

5.84 

251 

C( 

« 

M 

32.91 

'0.60 

I162 

1105 

5-94 

5.80 

2S2 

!!^ 

t< 

« 

(( 

34.78 

0.57 

1 199 

1151 

5.87 

5.75 

253 

c« 

« 

« 

<( 

36.66 

0.54 

1234 

1196 

5.80 

5.71 

254 

'!  * 

l( 

« 

« 

38.53 

0.51 

1270 

1240 

5.74 

5.67 

255 

u 

«« 

« 

« 

40.41 

0.49 

1305 

1283 

5.68 

5.63 

•256 

'?f 

'735* 

3x33cA 

4X3xH 

28.00 

0.54 

1089 

995 

6.24 

5.96 

•257 

« 

<C 

29.88 

0.51 

II24 

1045 

6.14 

5-91 

258 

i<      T 

(i 

(( 

31.7s 

0.48 

I160 

1094 

6.04 

5.87 

259 

((  X 

(( 

tt 

33.63 

0.45 

II95 

1141 

5.96 

5.82 

260 

"A 

(( 

tt 

3550 

0.43 

123 1 

1187 

5.89 

5.78 

261 

i« 

u 

« 

37.38 

0.41 

1267 

1232 

5.82 

5.74 

262 

!!  * 

(i 

<i 

39.25 

0.39 

1302 

1276 

5.76 

5.70 

263 

<« 

(1 

"      . 

it 

41.13 

0.37 

1337 

1319 

5.70 

5.66 

IS"  X  18"  Section.                                                                               | 

♦264 

i8xA 

33t3xA 

43C3xA 

25.00 

2.25 

872 

931 

5.90 

6.10 

•26s 

c 

< 

« 

26.88 

2.09 

915 

991 

5.83 

6,07 

266 

« 

< 

«( 

28,75 

1.95 

958 

1050 

5.77 

6.04 

267 

M    X 

( 

< 

(( 

30.63 

1.83 

1000 

1108 

5-71 

6.01 

268 

**  A 

i 

< 

tt 

32.50 

1.73 

1042 

1164 

5.66 

5.98 

269 

M 

it 

< 

tt 

34.38 

1.64 

1082 

1219 

5.61 

5-95 

270 

«t* 

< 

< 

tt 

36.25 

1-55 

II22 

1272 

5.56 

5.92 

271 

«    ,  . 

(i  • 

it 

tt 

38.13 

1.47 

II61 

1324 

552 

5.89 

•Six 

acing  of  rivet  lines  ol 

I  web  greater  than  30  X  thicki: 

less  of  plate. 

49 
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TABLE  SS.—CofUinued. 
Properties  of  Top  Chord  Sections. 


T 

ri 

!  " 

r 

Propertietor 
Hixhway  Bridoe 

4i 

i~j. 

~. 

Poor  Ancles 
and 

Top  Chord  Sections. 

i. 

Three  Plates. 

L^ ' 

B 

Platet. 

Angle 

Gross  Axes. 

Eooen- 
tridty. 

Moments  of 
Inertia. 

Radii  of  GyT». 
tion. 

Axis 

Axis 

Axis 

A3ds 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cow. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

'A 

Tm 

Inches. 

Inchc 

Incbet. 

Inches. 

Inched. 

Inches. 

Incbes«. 

Inches*. 

Inches. 

Inches. 

•272 

IS^kA 

i8xA 

3x3xA 

4x3^1 

25.78 

1.97 

933 

976 

6.01 

6.15 

•273 

t 

1 

«< 

l« 

it 

27.66 

1.84 

974 

1036 

5.93 

6.12 

274 

< 

■t 

« 

« 

it 

29.53 

1.72 

1015 

1095 

5.86 

6.09 

'^ 

< 

<« 

i( 

i< 

3141 

1.62 

1055 

"53 

5-79 

6.06 

i 

A 

<« 

l( 

« 

33.28 

153 

1096 

1209 

5'ZI 

6.02 

277 

c 

• 

M 

« 

i< 

35.16 

1.45 

"35 

1264 

5.68 

5.9? 

278 

« 

i 

i( 

« 

«< 

37.03 

1.37 

"74 

13 17 

5.63 

5.96 

279 

"i 

« 

« 

(( 

38.91 

1.31 

1212 

1369 

5.58 

5.93 

♦280 

'hf 

l8xA 

3X3xA 

43C3xA 

26.56 

1.72 

988 

1020 

6.10 

6.20 

•281 

i< 

« 

i< 

28.44 

1. 61 

1028 

1080 

6.01 

6.16 

282 

i€     t 

« 

« 

« 

30.31 

1.51 

1068 

"39 

591 

6.13 

2S3 

<c    t 

M 

(• 

<« 

32.19 

1.42 

1 107 

"97 

5.86 

6.09 

284 

"^ 

M 

<« 

« 

34.06 

1.3s 

1 146 

1253 

5.79 

6.06 

28S 

•< 

:« 

<« 

« 

35.94 

1.28 

1184 

1308 

5.74 

6.03 

286 

"  i 

(( 

« 

i< 

37.81 

1.21 

1222 

1361 

5.68 

6.00 

287 

«« 

«< 

« 

« 

39.69 

I.15 

1260 

1413 

5.63 

5.97 

*288 

'S'f 

181A 

3*3fA 

4X2XJ 

27.32 

1.50 

1038 

1063 

6.16 

6.14 

♦289 

<• 

c< 

29.20 

1.40 

1077 

1123 

6.07 

6.20 

290 

«    1 

«c 

u 

« 

31.07 

1.32 

1115 

1182 

5.99 

6.17 

291 

M 

« 

« 

32.95 

1.24 

"53 

1240 

5.92 

6.14 

292 

'!^ 

«« 

« 

« 

34.82 

I.18 

1 192 

1296 

5.85 

6.10 

293 

« 

«< 

« 

M 

36.70 

1. 12 

1229 

1351 

5.79 

6.07 

294 

••  t 

«€ 

<« 

« 

38.57 

1.06 

1266 

1404 
1456 

5.73 

6.04 

*95 

« 

M 

M 

<4 

4045 

1. 01 

1303 

5.68 

6wOo 

♦296 

'A*f 

l8xA 

3x33cA 

4X3** 

28.06 

1.28 

1085 

1107 

6.21 

6.28 

♦297 

c< 

i< 

«« 

29.94 

1.20 

1123 

1167 

6.12 

6.24 

298 

«<   X 

M 

« 

C4 

31.81 

I.13 

1160 

1226 

6.04 

6.20 

299 

U 

<« 

•C 

33.69 

1.07 

"97 

1284 

5.96 

6.17 

300 

!!A 

<C 

« 

M 

35.56 

I.01 

1235 

1340 

5.89 

6.14 

301 

11 

it 

« 

*€ 

3744 

a96 

1272 

1395 

5.83 

6.10 

302 

1* 

« 

« 

M 

39.31 

0.92 

1309 

1448 

5.77 

6.06 

303 

"I 

(1 

« 

« 

41.19 

0.88 

1345 

1500 

5.71 

6.03 

•Sp 

acing  of  rivet  line*  ol 

f  web  greater  than  30  X  thicb 

lessor 

plate. 

1 
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TABLE  ^V  -r^^KiNN^ 
PROPEitTiKs  or  Tor  i>nvw>  Siii\  uonk 


«           ■ 

^ 

r^ 

■r 

Ixopertiee  of 

4U— _ 

— . 

^__^ 

.  _...!<* 

)^\iu(  Aunlfis 

Htcfaway  Bridce 
TopClMRl  Sections. 

< 

-*"~ 

f 

Vlii«v  rUiiHh 

jr 

Lt 

Platei. 

Annies, 

(«rosi  Aran. 

K.'i^H 

MiHtirillN  »»l 
1  lilt «  Ik 

Section 

lilitly. 

A  A. 

/Jt 

jft 

Mr 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

- 

- 

A 

lnilM*««. 
2H.7H 

a 

In 
M4'; 

hit  III  H 

in 

Indies. 

Inches. 

Inches. 

lnc'hc»i. 

III!   lit  • 

♦3CH 

'l^f 

l8xA 

3X3xA 

4x;x| 

'HI 

•305 

<( 

it 

30.^j/» 

lOJ 

ltf>4 

i/i)*/ 

0  10 

'"'/ 

306 

307 

tt      T 

« 

1-151 

0.V7 

iv«7 

o.v 

308 

U 

M 

M 

^f».iH 

oK'/ 

'V*> 

MH; 

r^o 

0  1/ 

309 

M 

M 

« 

3«.i6 

0.«J 

MH 

Mr/ 

tt  14 

310 
3" 

:|t 

M 

4( 

0  7t> 

M47 

0  l»y 

•312 

'i^p 

l8xA 

}«JfA 

♦xj*« 

a/y.50 

O.'/l 

Ji^S 

IIVI 

f,^H 

i.St. 

*3i3 

« 

M 

it 

3'3« 

tjy^j 

</'/;  1  u\i 

t,  17 

f>  Sf 

314 

M 

M 

33*5 

OHI 

i/i>'.  ,  151'/ 

'^  M; 

t,  fV. 

315 

M 

M 

35'3 

0  7« 

1//4  1  ti^^*"' 

0>// 

/./4 

316 

M 

M 

37.00 

0-71 

MN   -  M/4 

r<:^ 

/./>.. 

317 

M 

M 

3*{«^ 

0//y 

n47      M/V 

/y  |// 

318 

u    11                   M 

M 

**         '     40-75 

0//> 

*.  V 

'^U 

319 

42 //3     '  '^'^'3 

*    /^/         ';^// 

1        •sp 

acmg  of  rivet  fine*  ol 

'  w«A;  grea 

Kl 

than  y} 

y  flii'-ki 

M'fcfc  <X  J 

?y 


TABLE  84. 
Properties  op  Top  Chord  Sections. 


^ 

r*^ 

■    1 

r 

PiopertieB 
of 

4. 

■t 

iTn;  T" 

J, 

Four  Angles 
and 

Top  Chord  Sections. 

Three  PUtcs. 

..r^ 

U  . 

it 

Platen 

Angles. 

Gross  Area. 

Frrm- 

MomenUof 
Inertia. 

Radii  of  Gyra-  1 
tion.          1 

tiidty. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

ta 

rn 

Inches. 

Inches. 

Inches. 

Inches. 

Inche«>. 

Inches.  1  Inches*. 

Inches*. 

Inches. 

Inches. 

IS"  X  18"  Section.    Aserici.                                                                     | 

•lOOI 

n 

l8xA 

3xjxf 

4X2x1 

28.31 

1.96 

988 

1067 

5.91 

6.14 

I002 

« 

30.19 

1.84 

1029 

1 126 

5.84 

6.II 

1003 

'*. 

« 

i( 

« 

32.06 

1.73 

1070 

II84 

5.78 

6.08 

1004 

::f 

« 

f( 

« 

33.94 

1.63 

III2 

1240 

5.72 

6.05 

100$ 

« 

<f 

« 

35.81 

i-SS 

II5I 

1295 

5.67 

6.01 

1006 

"r 

M 

M 

<c 

37.69 

M7 

II9I 

1348 

5-^2 

5.98 

1007 

« 

« 

<c 

39.56 

140 

1229 

1400 

S.58 

5.95 

•1008 

Tl^ 

181A 

3x;x| 

4X3fA 

29.09 

1.73 

1043 

nil 

5.99 

6.18 

1009 

« 

C( 

30.97 

1.62 

1084 

II70 

5.91 

6.15 

lOIO 

"i 

« 

« 

« 

32.84 

1-53 

1x23 

1228 

5.85 

6.11 

lOII 

::^ 

« 

« 

M 

347i 

M5 

1 163 

1284 

5-79 

6.08 

IOI2 

<« 

« 

M 

« 

36.59 

1.37 

1202 

1339 

^•n 

6.05 

IOI3 

!!  ♦ 

« 

« 

M 

38.47 

1.30 

I24I 

1392 

5.68 

6.01 

IOI4 

« 

« 

« 

M 

40.34 

1.24 

1279 

I4H 

5.63 

5.98 

*ioi5 
IOI6 

"t 

,8xA 

3x;x| 

4x;xJ 

29.85 
31.73 

1.52 
1-43 

1093 
II32 

1156 
1215 

6.05 

5.97 

6.22 
6.19 

IOI7 

«« 

« 

<C 

33.60 

135 

II7I 

1273 

5.90 

6.15 

IOI8 

^ 

c< 

M 

« 

35.48 

1.28 

I2IO 

1329 

5.84 

6.12 

IOI9 

"t. 

u 

U 

M 

3735 

1.21 

1248 

1384 

5.78 

6.09 

1020 

p 

M 

« 

M 

39.23 

1.15 

1286 

1437 

5.73 

6.05 

I02I 

"i 

« 

« 

M 

41.10 

1. 10 

1323 

1489 

5.67 

*6.02 

*I022 

"1 

l8xA 

3^3x1 

4X31* 

30.59 

1.32 

II40 

"99 

6.10 

6.26 

1023 

f( 

i« 

«( 

3*47 

1.25 

II78 

1258 

6.02 

6.22 

1024 

« 

« 

« 

34.34 
36.22 

1.18 

I216 

1316 

5.95 

6.19 

102$ 

:f 

« 

<i 

« 

1. 12 

1255 

1372 

5.89 

6.16 

1026 

<c 

« 

U 

38.09 

1.06 

1292 

1427 

5.83 

6.12 

1027 

"1* 

« 

« 

M 

39.97 

1.01 

1329 

1480 

577 

6.08 

1028 

M 

« 

M 

41.84 

0.97 

1366 

1532 

5.71 

6.05 

*I029 

"1 

l8xA 

3x;x| 

4x3x1 

31.31 

I.15 

1 183 

1241 

6.15 

6.30 

1030 

«< 

33.19 

1.08 

1220 

1300 

6.06 

6.26 

103 1 

« 

« 

« 

35.06 

1.02 

1257 

1358 

5.99 

6.22 

1032 

"A 

(C 

« 

<i 

36.94 

0.97 

1295 

1414 

5.92 

6.19 

1033 

« 

<c 

c< 

M 

38.81 

0.93 

I33» 

1469 

5.86 

6.15 

1034 

!1  * 

<c 

c< 

« 

40.69 

0.88 

1368 

1522 

5.80 

6.12 

1035 

«  J 

M 

« 

M 

42.56 

0.84 

^405 

1574 

5.75 

6.08 

•S|> 

EU^ing  of  nvet  lines  oi 

^  web  greater  than  30  X  thiclm 

ess  of  f 

»late. 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


] 

T"n 

Ip 

1 

Propertiei 
of 

•      f 

— 

^h-+* 

Four  AnflM 

and 

Top  Chord  Sections* 

Three  Plates. 

~ 

L      ' 

Jt 

MomenU  of 

RadU  of  Gyra- 

Platen. 

Angles. 

Gross  Area. 

Ecccn- 

Inertia. 

tion. 

tridty'. 

Axis 

Axis 

Axis 

Axis 

Section 

• 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

rx 

TB 

Inches. 

Inches. 

Inches 

Inches. 

Inches*. 

Inches. 

Inchest 

Inches^. 

Indies. 

Inches. 

♦1036 

n 

l8xA 

3X3xf 

4X3xH 

32.03 

0.98 

1223 

1284 

6.18 

6.33 

1037 

i« 

«« 

cc 

33.91 

092 

1260 

1343 

6.10 

6.29 

1038 

"J 

« 

« 

cc 

35-78 

0.87 

1297 

I401 

6.02 

6.25 

1039 

"A 

« 

« 

cc 

37.66 

0.83 

1334 

1457 

s?s 

6.22 

1040 

'  " 

<( 

(C 

cc 

3953 

0.79 

1370 

1512 

S.89 

6.19 

104I 

"tt 

(« 

« 

u 

41.41 

0.76 

1406 

1565 

S-83 

6.IS 

1042 

it 

« 

cc 

cc 

43.28 

0.72 

1442 

1617 

S-77 

6.11 

•1043 

iSxl 

l8xA 

3x3x1 

4xjxi 

32.73 

0.82 

I2S9 

^Hl 

6.20 

6.37 

1044 

"l^ 

« 

34.61 

0.78 

129s 

1386 

6.12 

6.33 

1045 

"i 

« 

cc 

c< 

36.48 

0.74 

I33I 

I4H 

6.04 

6.29 

1046 

"^ 

« 

cc 

u 

38.36 

0.70 

1368 

1500 

5-97 

6.25 

1047 

(f 

« 

cc 

cc 

40.23 

0.67 

1404 

1555 

S-?* 

6.22 

1048 

"H 

i< 

cc 

cc. 

42.11 

0.64 

1440 

1608 

S.8S 

6.18 

1049 

«(    1 

il 

l( 

cc 

43.98„ 

0.61 

1475 

1660 

S-79 

6.14 

IS"  X  18"  Section.    B  Seriet.                                                                     | 

1050 

iSxf 

i8xi 

3ix2ix| 

Sx3ix| 

29.06 

1.50 

1035 

1042 

5.96 

5.98 

1051 

■t 

M 

CC 

30.94 

I.4I 

1074 

1090 

S.89 

^'21 

1052 

M 

cc 

U 

32.81 

1.33 

III3 

1137 

S.82 

5.88 

IOS3 

"A 

i< 

cc 

t* 

fiH 

1.26 

1151 

1 183 

S.76 

5.84 

1054 

<( 

l< 

cc 

u 

1.20 

II90 

1228 

570 

5.79 

IOS5 

"tt 

« 

ti 

tt 

38.44 

I.I4 

1227 

1272 

S.6s 

5.75 

1056 

« 

(C 

cc 

cc 

40.JI 

1.08 

126s 

1315 

5-60 

5-71 

IOS7 

■!! 

i8x| 

jJxjW 

Sx3JxA 

30.02 

1.25 

1095 

1095 

6.04 

6.04 

1058 

it 

u 

31.90 

I.18 

II33 

"43 

S^ 

5.99 

1059 

<C 

cc 

cc 

33.77 

I.II 

II70 

1190 

S.89 

5^4 

1060 

"A 

« 

cc 

cc 

35.65 

I.OS 

1207 

1236 

S.82 

5.89 

1061 

'< 

«< 

cc 

u 

37.52 

1. 00 

1245 

1281 

S.76 

5.84 

1062 

"  i 

cc 

cc 

cc 

39.40 

0.95 

1282 

1325 

S.70 

5.80 

1063 

t   . 

'i 

cc 

cc 

41.27 

0.91 

13 19 

1368 

S-6S 

5-75 

1064 

Tf 

i8xi 

3ix;W 

SX3W 

30.96 

1.02 

II49 

1148 

6.09 

6.09 

1065 

.i 

*l 

32.84 

0.96 

1186 

1196 

6.00 

6.03 

1066 

« 

cc 

cc 

34.71 
36.59 

0.91 

1222 

1243 

S-93 

5.98 

1067 

"A 

« 

cc 

cc 

0.86 

1259 

1289 

5.86 

5.93 

1068 

(« 

« 

CI 

cc 

38.46 

0.82 

1296 

1334 

S.80 

5.88 

1069 

"H 

(( 

it 

cc 

40.34 

0.78 

1332 

1378 

S-74 

5.84 

1070 

'*    4 

C( 

(C 

tt 

42.21 

0.75 

1368 

1421 

5-69 

5.80 

•Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  30  X  thicki 

less  of 

plate. 

i 
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TABLE  S^.— Continued. 
Properties  of  Top  Chord  Sections. 


? 

r:' 

iji  ! 

T* 

Propertiet 

4L... 

1  '.~j: 

_— - 

-f 

Four  Angles 
and 

Top  Chofd  Sections* 

< 

Three  PUtcs. 

i     ^ 

t 

ut 

J 

MomenU  of 

Radii  of  Gyra- 

Plates. 

Angles. 

Gross  Area. 

Eccen- 

Inertin. 

tion. 

tricity. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

'- 

rx 

rs 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

107 1 

':\. 

I8xi 

3ixjW 

SX3ixA 

31.90 

0.80 

1200 

1 201 

6.13 

6.13 

1072 

«i 

u 

3378 

0.7s 

1236 

1249 

6.05 

6.08 

1073 

« 

(C 

(C 

35.65 

0.71 

1272 

1296 

5.97 

6.03 

1074 

!!^ 

u 

« 

M 

37.53 

0.68 

1308 

1342 

.590 

S.98 

1075 

«( 

« 

M 

U 

3940 

0.65 

1344 

1387 

5.84 

5-93 

1076 

r* 

<c 

« 

<C 

41.28 

0.62 

1380 

143 1 

5.78 

5.89 

1077 

« 

f< 

« 

« 

43.15 

0.59 

I416 

1474 

5.72 

5.84 

1078 

"1 

l8x| 

3^W 

SxjJxf 

32.80 

0.60 

1246 

1253 

6.16 

6.18 

1079 

« 

«i 

34.68 
36.5s 

0.57 

1282 

I301 

6.08 

6.12 

1080 

« 

(C 

U 

0.54 

I317 

1348 

6.00 

6.07 

IO81 

^ 

M 

M 

« 

38.43 

0.51 

1353 

1394 

5.93 

6.02 

1082 

<( 

U 

M 

M 

40.30 

049 

1389 

1439 

5.87 

5.97 

1083 

"  i 

« 

« 

M 

42.18 

0.47 

1425 

1483 

5.81 

5.92 

1084 

(( 

M 

« 

U 

44.05 

0.45 

1460 

1526 

5.76 

5.88 

1085 

"1 

i8x| 

jJx^W 

SxjJxH 

33.70 

0.41 

1289 

1305 

6.18 

6.22 

1086 

« 

«i 

35.58 

0.39 

1325 

1353 

6.10 

6.16 

1087 

M 

<f 

«c 

3745 

0.37 

1360 

1400 

6.02 

6.11 

1088 

"  JL 

« 

« 

« 

39.33 

0.35 

1395 

1446 

5-95 

6.06 

1089 

«  1 

« 

« 

« 

41.20 

0.34 

143 1 

1491 

5.89 

6.01 

1090 

((   It 
<f   i 

« 

« 

M 

43.08 

0.32 

1467 

1535 

5.83 

5.96 

109I 

« 

(C 

(i 

44.95 

0.31 

1502 

1578 

5.78 

5.92 

1092 

'^4 

I8xi 

JJXJW 

SxjJxl 

n 

0.25 

1326 

1358 

6.19 

6.26 

1093 

M 

« 

0.23 

I361 

1406 

6.11 

6.20 

1094 

M 

« 

« 

38.33 

0.22 

1396 

1453 

6.03 

6.15 

109s 

"  ^ 

« 

f( 

M 

40.21 

0.21 

1431 

1499 

5.96 

6.10 

1096 

«< 

« 

« 

« 

42.08 

0.20 

1467 

1544 

5.90 

6.0s 

1097 

"  * 

<• 

(C 

« 

43.96 

0.19 

1502 

1588 

5.84 

6.00 

1098 

I 

« 

« 

« 

45.83 

0.18 

1537 

163 1 

5.79 

5.96 

iS"Xi9"Sectleo 

.    ASeries. 

♦1099 

i9xA 

3x;x| 

« 

4x^x1 

28.75 

2.04 

1002 

1240 

5.91 

6.S7 

IIOO 
IIOI 

M 

30.63 
32.50 

;:IJ 

;^ 

1310 
1378 

5.84 
5.78 

6.54 
6.S1 

1102 

«    • 

« 

« 

<i 

34.38 
36.25 

I.7I 

1128 

1445 

5.73 

648 

1103 

c< 

« 

« 

u 

1.62 

1168 

1510 

5.68 

64s 

1 104 

"  * 

«< 

f< 

<i 

38.13 

1.54 

1207 

1574 

5.63 

6-« 

110$ 

« 

« 

« 

f< 

40.00 

147 

1247 

1637 

5.59 

640 

♦Sp 

acing  of  rivet  lines  0 

f  web  greater  than  3 

D  X  thickness  of 

plate. 
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TABLE  U,— Continued. 
Propbrtibs  of  Top  Chord  Sections. 


f 

^ 

r^ 

I     ■ 

F 

1 

Propertiea 
of 

.4L„_ 



— 

ff 

Four  AnflM 
and 

Top  Chofd  Sectloiu. 

C 

ThreePlatc^ 

^=J 

L! 

B 

Moments  of 

Radii  of  Gyra- 

Platea. 

Angles. 

Inertia. 

tion. 

Gross  Area. 

EoceU'* 

tridty. 

Axis 

Axis 

Axis 

Axis 

Sectian 

A-A. 

B-B. 

A-A. 

B-J. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

TA 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inchei^. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•1106 

iSxl 

i9xA 

3xjxf 

4X3xA 

29.53 

I.81 

1059 

1 291 

5.99 

6.61 

1 107 

~t 

i< 

(i 

31.41 

I.71 

1100 

1361 

5.92 

6.58 

1 108 

(C 

« 

« 

33.28 

1. 61 

1 140 

1429 

5.85 

6.55 

1 109 

A 

« 

(( 

M 

35.16 

1.52 

II80 

1496 

5.79 

6.52 

IIIO 

<« 

« 

(( 

« 

37.03 

1.45 

1219 

1 561 

5.74 

6.49 

nil 

"tt 

(( 

(f 

<i 

38.91 

1.38 

1258 

1625 

5.69 

6.46 

I1I2 

(( 

« 

u 

(C 

40.78 

I.3I 

1297 

1688 

5.64 

6.43 

♦1II3 

"t 

i9xA 

jxjxl 

4XJXJ 

30.29 

1. 61 

IIIO 

134I 

6.05 

6.65 

III4 

« 

3217 

I.51 

1 149 

1411 

5.98 

6.62 

III5 

« 

<C 

« 

3404 

1.43 

1188 

1479 

5.91 

6.59 

II16 

A 

« 

« 

« 

3592 

1.36 

1228 

1546 

5.85 

6.56 

III7 

(( 

« 

« 

•< 

37.79 

1.29 

1266 

161 1 

5.79 

6.53 

II18 

"tt 

(f 

M 

« 

39.67 

1.23 

1304 

1675 

5.73 

6.50 

III9 

« 

(1 

« 

« 

41.54 

I.17 

1342 

1738 

5.68 

6.47 

♦1120 

i9xA 

jxjxl 

4X3xA 

31.03 

I.4I 

II58 

1390 

6.1 1 

6.69 

1121 

« 

(1 

32.91 

1.33 

II96 

1460 

6.03 

6.66 

1122 

« 

«( 

<c 

\%-&. 

1.26 

1235 

1528 

5.96 

6.63 

1123 

"t 

« 

« 

« 

1.20 

1273 

1595 

5.89 

6.60 

1124 

« 

(( 

(( 

38.53 

I.I4 

I3II 

1660 

5.83 

6.57 

II25 

:f 

« 

« 

« 

40.41 

1.09 

1348 

1724 

5.77 

6.53 

1 126 

« 

(1 

It 

42.28 

1.04 

1385 

1787 

5.72 

6.50 

*II27 

i9xA 

jxpxl 

4x^x1 

31.7s 

1.24 

1 201 

1437 

6.15 

6.73 

1 128 

K 

33.63 

I.17 

1239 

1507 

6.07 

^•79 

1129 

« 

« 

f< 

35.50 

I. II 

1277 

1575 

6.00 

6.66 

1130 

::* 

« 

M 

« 

37.38 

1.05 

I3I5 

1642 

593 

6.63 

II3I 

i 

it 

« 

« 

39.25 

1.00 

1352 

1707 

5.87 

6.60 

1132 

!!t* 

€1 

« 

M 

41.13 

0.96 

1388 

1771 

5.81 

6.56 

II33 

u 

« 

« 

« 

43.00 

0.91 

1425 

1834 

5.76 

6.53 

♦1I34 

'^4 

i9xA 

3x^x1 

4X3xtt 

3247 

1.07 

1243 

i486 

6.19 

6.76 

1135 

«< 

« 

34.35 
36.22 

1. 01 

1280 

1556 

6.10 

6.73 

1136 

« 

« 

« 

0.96 

I3I7 

1624 

6.03 

6.70 

1137 

A 

C< 

« 

38.10 

0.91 

1354 

1691 

5.96 

6.66 

1138 

« 

f< 

<l 

« 

39.97 

0.87 

1391 

1756 

5.90 

6.63 

II39 

"  i 

(( 

« 

<f 

41.85 

0.83 

1427 

1820 

5.84 

6.60 

1140 

« 

« 

M 

« 

43.72 

0.79 

1463 

1883 

5.79 

6.56 

•Sp 

acing  of  rivet  lines  0 

F  web  greater  than  30  X  thickness  of 

plate. 

1 
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TABLE  ^.—CorUinued. 
Properties  op  Top  Chord  Sections. 


f^ 

1 

F 

1 

Propertief 
at 

4i 





r                         ThreePlates. 

TopChonl  Sectloiu. 

4-- 

1    ' 

L_l 

k 

Momenta  of 

Radii  at  Gyra- 

Plates. 

Angles. 

Gross  Area. 

Eocen~ 

Inertia. 

tion.          1 

tiidty. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

TA 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inchest. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*II4I 

iSxf 

l9xA 

jxjxl 

4x?x| 

3317 

0.92 

1279 

1535 

6.21 

6.80 

1 142 

■t 

«c 

3505 

0.87 

I316 

1605 

6.13 

6.77 

"43 

t€ 

•< 

« 

36.92 

0.82 

1352 

1673 

6.05 

6.73 

"44 

f* 

tt 

C< 

« 

38.80 

0.78 

1388 

1740 

5.98 

6.70 

"45 

<f    , 

tt 

« 

tt 

40.67 

0.75 

1425 

1805 

592 

6.66 

1 146 

!!" 

tt 

«< 

tt 

42.55 

0.71 

I461 

1869 

5.86 

6.63 

"47 

(C 

tt 

« 

tt 

44.42 

0.68 

1497 

1932 

5.81 

6.59 

xr  X  19^' Secdoo.    B  Series.                                                                     | 

1 148 

'4 

I9xft 

jJx^W 

Sx3ix| 

30.62 

1.83 

1094 

1250 

5.98 

6.39 

"49 

« 

1* 

32.50 

1.72 

II36 

1308 

5.91 

6.34 

1150 

« 

u 

(( 

34.37 
36.2s 

1.63 

1176 

1365 

5.85 

6.30 

1151 

"^ 

If 

f( 

tt 

155 

I215 

142I 

5-79 

6.26 

1152 

^t. 

<« 

<c 

tt 

38.12 

1.47 

1255 

1476 

5.73 

6.22 

"S3 

H 

M 

M 

« 

40.00 

1.40 

1294 

1530 

5.68 

6.18 

"54 

"i 

<« 

M 

M 

41.87 

1.34 

1333 

1583 

S.64 

6.14 

"55 

'4 

i9xA 

Jjxjjxl 

Sx3JxA 

31.58 

1.58 

I160 

1310 

6.06 

644 

1150 

(( 

M 

33.46 

M9 

1200 

1368 

5.98 

6.39 

"57 

« 

M 

M 

35.33 

1.41 

1239 

1425 

5.92 

6.35 

1 158 

:^ 

<« 

M 

U 

37.21 

1.34 

1277 

I481 

5.86 

6.31 

"59 

« 

«* 

U 

<C 

39.08 

1.27 

1317 

1536 

5.80 

6.27 

1160 

"  i 

M 

U 

M 

40.96 

1.21 

1355 

1590 

5-75 

6.23 

1 161 

« 

M 

« 

« 

42.83 

1.16 

1392 

1643 

5.70- 

6.19 

1 162 

n 

l9xA 

3^x1 

SxjJxi 

32.52 

1.35 

1218 

I371 

6.12 

649 

1 163 

M 

« 

34-40 
36.27 

1.27 

1256 

1429 

6.04 

644 

1 164 

"i 

M 

M 

M 

1.21 

1294 

i486 

5.97 

640 

1165 

^ 

U 

« 

M 

38.15 

1.15 

1332 

1542 

591 

6.36 

1 166 

« 

U 

« 

M 

40.02 

1.09 

1370 

1597 

5.85 

6.32 

1 167 

r* 

M 

<4 

M 

41.90 

1.04 

1407 

1651 

5.79 

6.28 

1 168 

4 

« 

«( 

M 

43.77 

1.00 

MH 

1704 

5.74 

6.24 

1169 

i9xA 

jJxjJxl 

Sx3ixft 

3346 

1.13 

1274 

I431 

6.17 

6.54 

1170 

<c 

« 

35.34 

1.07 

1311 

1489 

6.09 

649 

1171 

M 

•< 

M 

37.11 

IX>2 

1348 

1546 

6.02 

64s 

1172 

u      • 

M 

f< 

M 

38.99 

0.97 

1385 

1602 

5.96 

641 

"73 

«    1 
«   fl 

M 

f< 

« 

40.86 

0.92 

1423 

1657 

590 

6.37 

"74 

M 

« 

M 

42.74 

0.88 

1460 

1711 

5.84 

6.33 

"75 

M     1 

C< 

U 

« 

44.61 

0.85 

1496 

1764 

5.79 

6.29 

•Sp 

acing  of  rivet  lines  0 

r  web  greater  than  30  X  thicknen  of  plate.                                      | 
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TABLE  M,— Continued. 
Properties  of  Top  Chord  Sections. 


r 

f 

1 

ir 

of 
Top  CboffQ  Soctioos* 

^j 

4"" 

iTTiirm 

Four  Angles 

and 
Three  Plates. 

..^ 

— ^  * 

jr 

Plates. 

Angles. 

Gross  Area. 

Elooen- 

Moments  of 
Inertia. 

Radii  of  Gyra- 
Uon. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

I-A 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inchest 

Inches*. 

Inches. 

Inches. 

1176 

iSxf 

i9xA 

3ix;W 

SX3lx| 

34-36 

0.93 

1325 

1490 

6.21 

6.59 

^^77 

<i    1 

« 

(C 

36.24 

0.88 

1362 

1548 

6.13 

6.53 

1178 

i< 

U 

c< 

38.11 

0.84 

1398 

1605 

6.06 

6.48 

1179 

<«     • 

« 

<c 

« 

39-99 

0.80 

1434 

1661 

5-99 

6.44 

1180 

(i 

<( 

« 

« 

41.86 

0.76 

1472 

1716 

593 

6.40 

1181 

"  » 

M 

« 

« 

43-74 

0.73 

1508 

1770 

5.87 

6.36 

1 182 

4 

« 

<c 

c< 

45.61 

0.70 

IS44 

1823 

5.82 

6.32 

1183 

■r|. 

l9xA 

3»xjUI 

Sx3JxH 

35.26 

0.74 

1372 

1549 

6.24 

6.63 

1 184 

(« 

u 

37.14 

0.70 

1408 

1607 

6.16 

6.58 

1185 

« 

M 

C( 

39.01 

0.67 

1444 

1664 

6.08 

6.53 

1 186 

JL 

M 

M 

<c 

40.89 

0.64 

1479 

1720 

6.01 

6.48 

1187 

«   1 

C< 

« 

M 

42.76 

0.61 

1516 

177s 

5-9S 

6.44 

1188 

a 

« 

« 

44.64 

0.59 

1552 

1829 

S.89 

6.40 

1189 

«  1 

<c 

U 

« 

46.51 

0.56 

1587 

iSH2 

5.84 

6.36 

1190 

n 

i9xA 

3JxjJx| 

Sx34xi 

36.14 

0.58 

1413 

1609 

6.25 

6.67 

1 191 

« 

« 

3802 

OSS 

1448 

1667 

6.16 

6.62 

1 192 

cc 

« 

« 

39.89 

0.52 

1484 

1724 

6.09 

6.57 

1 193 

"A 

« 

« 

II 

41-77 

0.50 

1520 

1780 

6.03 

6.52 

1 194 

€t 

<» 

i< 

« 

43-64 

0.48 

1556 

1835 

5-97 

6.48 

1 195 

!!  * 

(i 

« 

<l 

45-5^ 

0.46 

1591 

1889 

5-93 

6.44 

1196 

(C 

« 

«i 

CI 

47.39 

0.44 

1627 

1942 

5.86 

6.40 

16"  X  19"  Section.    A  Series.                                                                      | 

♦1197 

i6z| 

i9xA 

3x3x1 

4X3X1 

29.49 

2.12 

1165 

1270 

6.28 

6.56 

1198 

"t 

II 

<i 

<« 

31.49 

1-99 

1216 

1344 

6.21 

6.53 

1 199 

i< 

i( 

<« 

33.49 

1.87 

1265 

1417 

6.15 

6.51 

1.200 

JL, 

It 

(( 

f( 

3549 

1.76 

1315 

1488 

6.09 

6.48 

I20I 

«<    f 

« 

« 

«< 

37  49 

1.67 

1364 

1558 

6.04 

6.45 

1202 

"    IX 

« 

(C 

f< 

39.49 

1.58 

1412 

1626 

5.98 

6.42 

1203 

«  i 

« 

« 

<c 

41.49 

1.51 

I4S9 

1693 

,5-93 

6.39 

•1204 

i6x| 

m^ 

3x3x1 

4X3xA 

30.27 

1.88 

1229 

1321 

6.37 

6.60 

1205 

::f 

i( 

<c 

32.27 

1-77 

1278 

1395 

629 

6.57 

1206 

« 

« 

« 

34.27 

1.66 

1326 

1468 

6.22 

6-54 

1207 

"A 

<« 

« 

« 

36.27 

1-57 

1374 

1539 

6.15 

6.51 

1208 

<i 

c< 

« 

« 

38.27 

1.49 

1422 

1609 

6.09 

6.48 

1209 

"tt 

« 

« 

« 

40.27 

1.42 

1469 

1677 

6.04 

6.45 

I2IO 

«  . . 

« 

« 

If 

42.27 

1.3s 

151S 

1744 

5-99 

6.42 

•Sp 

acing  of  rivet  lines  0 

r  web  greater  than  30  X  thickness  of 
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TABLE  S4t.— Continued. 
Properties  of  Top  Chord  Sections. 


t 

ri 

— 

r  . 

Properties 

of 

Top  Chord  Sections. 

c 

-+t' 

Four  Angles 

and 
Three  Plates. 

.:.^ 

r 

LI 

J 

Moments  of 

Radii  of  Gyia-  1 

Plates. 

Angles. 

Gross  Area. 

Errm- 

Inertia. 

tion.          1 

tridty. 

Axis 

Axis 

Axis 

Axis. 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

B<^^Am. 

A 

e 

U 

Ib 

rx 

Tb 

Indies. 

Inches. 

Inches. 

1        K 

Inchest. 

Inches. 

Inches*. 

Inches'. 

Indies. 

Inches. 

*"'-"'^* 

16"  X  19"  Section.    A  Scries.                                                                    | 

♦l2II 

I6x| 

I9xA 

3X3x| 

4X3xJ 

31,03 

1.67 

1287 

I371 

6.45 

6.65 

I2I2 

:t 

i( 

It 

it 

33-03 

I.S7 

1335 

1445 

6.36 

6.62 

1213 

« 

tt 

tt 

3503 

1.48 

1382 

1518 

6.28 

6.58 

1214 

^ 

«( 

tt 

tt 

37.03 

1.40 

1429 

1589 

6.21 

6.55 

1215 

(1 

c< 

tt 

tt 

39.03 

1.32 

1476 

1659 

6,15 

6.52 

1216 

"  i 

c< 

u 

tt 

41.03 

1.26 

1522 

1727 

6.09 

649 

I217 

«    . 

M 

tt 

tt 

43.03 

1.20 

1567 

1794 

6.04 

6.46 

♦1218 

i6xl 

i9xA 

jxjxl 

4x3** 

3177 

1.46 

1342 

1420 

6.50 

6.69 

1219 

't 

(i 

^« 

3377 

1.38 

1389 

1494 

641 

6.65 

1220 

« 

« 

« 

3S-77 

1.30 

H3S 

1567 

6.33 

6.62 

1221 

JL 

c<   1 

M 

« 

« 

3777 

1.23 

148 1 

1638 

6.26 

6.58 

1222 

«    fi 

« 

« 

« 

3977 

1.17 

1527 

1708 

6.19 

6.55 

1223 

« 

« 

« 

4177 

I. II 

1572 

1776 

6.13 

6.52 

1224 

f<  1 

« 

« 

(C 

4377 

1.06 

1617 

1843 

6.08 

649 

•1225 

'f'K 

i9xA 

3x^x1 

4X2x» 

3M9 

1.28 

1392 

1467 

6.55 

6.72 

1226 

-t 

«< 

34-49 

1.20 

1438 

I54I 

646 

6.68 

1227 

c< 

« 

3649 

1.14 

1483 

1614 

6.37 

6.65 

1228 

^ 

« 

M 

38.49 

1.08 

1528 

1685 

6.30 

6.62 

1229 

« 

(« 

« 

40.49 

1.03 

1573 

1755 

6.23 

6.58 

1230 

"  * 

« 

f< 

42.49 

0.98 

1618 

1823 

6.17 

6.55 

I23I 

(i 

« 

« 

44.49 

0.93 

1662 

1890 

611 

6.52 

•1232 

".H 

i9jA 

Sx^xf 

4X2X« 

33.21 

1. 10 

1439 

1516 

6.58 

6.76 

"33. 

::f 

t< 

35.21 

1.04 

1484 

1590 

649 

6.72 

1234 

c< 

«< 

« 

37.21 

098 

1528 

1663 

641 

6.68 

1235 

"i* 

M 

M 

tt 

39.21 

0.93 

1573 

1734 

6.33 

6.65 

1236 

tt 

« 

f( 

tt 

41.21 

0.89 

1617 

1804 

6.26 

6.62 

1237 

"  * 

« 

f< 

tt 

43.21 

0.85 

1662 

1872 

6.20 

6.58 

1238 

«     : 

M 

« 

tt 

45.21 

0.81 

1705 

1939 

6.14 

6.55 

•1239 

'H 

i9xA 

3x^x1 

4x^x1 

33.91 

0.94 

148 1 

1565 

6.61 

52 

1240 

~t 

« 

35.91 

0.89 

1526 

1639 

6.52 

6.76 

1241 

<« 

tt 

M 

37.91 

0.84 

1569 

I712 

643 

f? 

1242 

A 

« 

U 

« 

39.91 

0.80 

1614 

1783 

6.36 

6,68 

1243 

c« 

« 

« 

« 

41.91 

0.76 

1658 

1853 

6.29 

6.65 

1244 

"  i 

<c 

M 

tt 

43.91 

073 

1702 

192 1 

6.23 

6,61 

1245 

(«         ; 

« 

tt 

tt 

4591 

0.70 

1745 

1988 

6.17 

6.58 

•Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thickr 

less  of 

plate. 
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TABLE  U,^CofiHnued. 
Properties  of  Top  Chord  Sections. 


f 

rh 

! 

TP 

Properties 
Top  Chofd  SectkMM. 

4i 

1  .... 

ft 

Four  Andes 

and 
Thfee  Plates. 

IJ 

Li 

i 

Plates. 

Angles. 

PrriM  Aiwa 

Efrrn- 

Moments  of 
Inertia. 

Radii  of  Gyra- 
Uon. 

UEuOB  AICB. 

tridty. 

Axis 

Axis 

Axis 

Axto 

Section 
Number. 

W^. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

TA 

fB 

Inches. 

Inches. 

Inches. 

Inches. 

Inches>. 

Inches. 

Inches*. 

Inches'. 

Inches. 

iDChO. 

16"  X  19"  Section.    B  Series. 

•1246 

l6zi 

I9xA 

3ix3W 

5x3Jxf 

31.37 

1.90 

1271 

1275 

6,36 

6.37 

1247 

CI  jr 

<i 

33.37 

1.79 

1320 

1337 

6.29 

6.33 

1248 

«<  1 

C( 

« 

« 

35-37 

1.69 

1368 

1398 

6.22 

6.28- 

1249 

**  A 

f( 

•< 

" 

37.37 

1.60 

1417 

1458 

6.15 

6.24 

1250 

<« 

<c 

« 

« 

39.37 

1.52 

1464 

1516 

6.10 

6.20 

125I 

"  i 

« 

M 

« 

41.37 

1.44 

1511 

1573 

6.05 

6.16 

1252 

"\ 

<« 

M 

« 

43.37 

1.37 

1558 

1629 

6.00 

6.13 

*"53 

i6>} 

i9xA 

3Jx;W 

SX3ixA 

32.33 

1.64 

1345 

1335 

6.45 

6.42 

1254 

■t 

(t 

i< 

34.33 

X.54 

1393 

1397 

6.37 

6.38 

1255 

« 

« 

«( 

36.33 

1.46 

1440 

1458 

6.30 

6-33 

1256 

« 

M 

« 

«( 

38.33 

1.38 

1487 

1518 

6.23 

6.29 

1257 

M 

M 

« 

40.33 

I.31 

1534 

1576 

6.17 

6.2s 

1258 

::{* 

U 

« 

« 

42.33 

1.25 

1579 

1633 

6.1 1 

6.21 

1259 

« 

« 

f< 

44.33 

1. 19 

1625 

1689 

6.05 

6.17 

♦1260 

i6z| 

i9xA 

3Jx2Jx| 

5X3  W 

33.27 

1.40 

I412 

1396 

6.51 

648 

1 261 

«f 

(( 

<l 

35.27 

1.32 

1459 

1458 

6.4* 

6.42 

1262 

M 

f< 

M 

37.27 

1.25 

1504 

1519 

6.JS 

6.38 

1263 

"t 

M 

t* 

« 

39.27 

I.18 

1550 

1579 

6.28 

6.34 

1264 

U 

U 

« 

41.27 

I.13 

1637 

6.21 

6.30 

1265 

::j» 

M 

« 

<C 

43.27 

1.08 

1640 

1694 

6.IS 

6.26 

1266 

M 

« 

« 

45.27 

1.03 

1685 

1750 

6.10 

6.22 

•1267 

i6z{ 

i9xA 

3»x2*x| 

5x3ixA 

34.21 

I.17 

1475 

1456 

6.S7 

6.S2 

1268 

"tf 

« 

c< 

36.21 

1. 10 

1521 

I518 

648  . 

6-47 

1269 

"V 

M 

u 

« 

38.21 

1.05 

1565 

1579 

6.J9 

6.42 

1270 

"A 

U 

« 

« 

40.21 

1. 00 

1610 

1639 

6.32 

6.38 

1 271 

M 

t€ 

M 

<c 

42.21 

0.95 

1655 

1697 

6.26 

6.34 

1272 

"tt 

« 

« 

«( 

44.21 

0.91 

1699 

1754 

6.20 

6.30 

1273 

M 

M 

<« 

«< 

46.21 

0.87 

1743 

1810 

6.14 

6.26 

•1274 

i(Sxi 

i9xA 

3»x2Jx| 

5X3»x| 

35.11 

0.96 

1534 

I514 

6.6t 

6.S7 

"75 

"i* 

« 

«( 

37.11 

0.91 

1578 

1576 

6.52 

6.SI 

1276 

u 

M 

M 

« 

39.11 

0.85 

1622 

1637 

644 

6.46 

1277 

"A 

«i 

M 

C( 

41.11 

0.82 

1666 

1697 

6.J6 

6.42 

1278 

M 

« 

M 

« 

43.11 

0.78 

171I 

1755 

6.29 

6.38 

1279 

"tt 

« 

«                ^               « 

45.11 

0.75 

1754 

1812 

6.23 

6.34 

1280 

M     1 

4« 

«                                « 

47.11 

0.72 

1798 

1868 

6.17 

6.30 

•Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thicki 

lessor 

plate.                                      1 
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TABLE  S^,—CanUnued. 
Properties  of  Top  Chord  Sections. 


^ 

r^ 

j... 

"JP 

1 

Properties 

4i 

r 

Ji                         FonrAnsIes                         1 

of 

< 

l.._I 

—  — 

-  L    "^S- 

and 

Top  Chord  Sectiom. 

j        "T                         Three  Platen                        1 

J.r-J 

\ : 

1 

Moments  of 

Radii  of  Gyra- 

Plates. 

Angles. 

Inertia. 

tion. 

Cross  Area. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

'A 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches^. 

Inches^. 

Inches. 

Inches. 

♦1281 

i6zf 

l9xA 

3Jx3Jx| 

SX3JxH 

36.01 

0.77 

1586 

1573 

6.64 

6.60 

1282 

■t 

*i 

<( 

u 

38.01 

0.73 

1630 

1635 

6.55 

6.56 

1283 

<« 

i( 

« 

40.01 

0.69 

1673 

1696 

647 

6.51 

1284 

"A 

(( 

t< 

(C 

42.01 

0.66 

I717. 

1756 

6.39 

646 

128s 

<c 

« 

M 

« 

44.01 

0.63 

1761 

1814 

6.32 

642 

1286 

"tt 

f( 

« 

« 

46.01 

0.60 

1803 

1871 

6.26 

6.37 

1287 

« 

M 

« 

M 

48.01 

0.57 

1847 

1927 

6.20 

6.33 

•1288 

i6x| 

i9xA 

sJxjW 

SxsJxf 

36.89 

0.59 

1632 

1634 

6.65 

6.65 

1289 

:t 

i< 

<l 

38.89 

0.56 

1678 

1694 

6.56 

6.59 

1290 

<i 

« 

c< 

40.89 

0.53 

1720 

1755 

6.48 

6.55 

1 291 

^ 

(« 

c< 

c< 

42.89 

0.51 

1764 

1815 

641 

6.50 

1292 

« 

(f 

«< 

i< 

t^ 

0.48 

1807 

1873 

6.34 

646 

1293 

"  i 

(( 

« 

« 

046 

1850 

1930 

6.28 

642 

1294 

<i  . , 

« 

« 

ii 

48.89 

0.44 

1893 

1986 

6.22 

6.37 

x6"  X  ao"  Section.    A  Series.                                                                     | 

♦1295 

'H 

20XA 

jxjxl 

4xjx| 

29.93 

2.21 

II80 

1463 

6.28 

6.99 

1296 

p 

M 

3193 

2.07 

1232 

1550 

6.21 

6.97 

1297 

"i 

C( 

cc 

<« 

33.93 

1.95 

1282 

1635 

6.15 

6.94 

1298 

"i* 

M 

c< 

If 

35-93 

1.84 

1332 

1719 

6.09 

6.92 

1299 

f. 

« 

i< 

u  ■ 

37.93 

1.74 

1382 

1801 

6.04 

689 

1300 

^H 

«< 

« 

U 

39.93 

i.6s 

143 1 

1881 

5.99 

6.86 

1301 

"i 

(( 

« 

M 

41.93 

1.S8 

1478 

1959 

5.94 

6.84 

*I302 

'H 

K»A 

33C3x| 

4X33cA 

30.71 

1.97 

1246 

1519 

6.37 

7.04 

130^ 

:t 

« 

<« 

<i 

32.71 

1.85 

1297 

1606 

6.30 

7.01 

1304 

« 

M 

c< 

34.71 
36.71 

1.75 

1346 

1691 

6.23 

6.98 

I30S 

^ 

<« 

« 

M 

1.65 

1394 

1775 

6.16 

6.95 

1306 

<( 

« 

M 

« 

38.71 

1.57 

1442 

1857 

6.10 

6.93 

1307 

"t* 

M 

« 

M 

40.71 

1.49 

1490 

1937 

6.05 

6.90 

1308 

« 

f< 

<c 

« 

42.71 

142 

1536 

2015 

6.00 

6.87 

♦1309 

I6x| 

20xA 

jxjxf 

4x3x4 

31.47 

1.76 

1306 

1576 

H 

7.08 

I3IO 

't 

(f 

3347 

1355 

6.36 

7.05 

I3II 

« 

« 

« 

35.47 

1.56 

1402 

1748 

6.29 

7.02 

I3I2 

!!A 

<c 

« 

« 

3747 

148 

1449 

1832 

6.22 

6.99 

I3I3 

«( 

« 

« 

« 

3947 

140 

1496 

I914 

6.16 

6.96 

I3I4 

r* 

« 

« 

M 

41.47 

1.33 

1543 

1994 

6.10 

6.93 

I3IS 

« 

« 

« 

« 

4347 

1.27 

1589 

2072 

6.05 

6.90 

•Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thickness  of  plate. 

J 
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TABLE  S^.—CofUinued. 
Propbrties  of  Top  Chord  Sections. 


^ 

til  ! 

T^ 

1 

Properties 

A^... 

4— 

.L..J-4 

Four  Angles                         | 

of 

+ — 

—  ... 

-ETl-.j  . 

and 

Top  Chord  Sections. 

t 

t  ^ 

1        I  , 

jj 

d 

Plates. 

Angles. 

Gross  Area. 

Eccen- 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

tnaty. 

Axis 

Axis 

Axis 

Axis 

Section 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

'A 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*.  . 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•1316 

'H 

20XA 

3x;x| 

4X3xA 

32.21 

1.55 

1361 

163 1 

6.50 

7.12 

1317 

"t 

i( 

(i 

34.21 

1.46 

1409 

1718 

6.42 

7.09 

1318 

i( 

« 

(C 

36.21 

1.38 

1455 

1803 

6.34 

7.06 

1319 

!!^ 

« 

M 

M 

38.21 

I.31 

1501 

1887 

6.27 

7.03 

1320 

« 

« 

« 

« 

40.21 

1.25 

1548 

1969 

6.20 

7.00 

132I 

t* 

« 

" 

M 

42.21 

I.19 

1504 

2049 

6.15 

6.97 

1322 

M 

« 

l( 

M 

44.21 

I.13 

1638 

2127 

6.09 

6.94 

•1323 

i6xf 

K«A 

3x3x| 

4xpx| 

32.93 

1.37 

1412 

1685 

6.55 

7.16 

1324 

"t 

ii 

i( 

34.93 

1.29 

1459 

1772 

646 

7.12 

1321; 

i( 

(( 

(C 

36.93 

1.22 

1504 

1857 

6.38 

7.09 

1326 

^fi 

« 

i< 

(1 

38.93 

I.16 

1550 

1941 

6.31 

7.06 

1327 

« 

« 

« 

« 

40.93 

1. 10 

1595 

2023 

6.24 

7.03 

1328 

"tt 

« 

« 

(( 

42.93 

1.05 

1641 

2103 

6.18 

7.00 

1329 

if 

<c 

(( 

« 

44.93 

1. 00 

1685 

2181 

6.13 

6.97 

•1330 

i6x| 

20XA 

jxjxl 

4x3xtt 

33.65 

I.I9 

1461 

1739 

6.59 

7.19 

1331 

"t 

(( 

ii 

35.65 

1. 12 

1507 

1826 

6.50 

7.16 

1332 

<i 

(( 

« 

37.65 

1.06 

1551 

191 1 

6.42 

7.12 

1333 

::a 

« 

M 

« 

3965 

1. 01 

1596 

1995 

6.35 

7.09 

1334 

(( 

« 

<( 

41.65 

0.96 

1641 

2077 

6.28 

7.06 

I33S 

«? 

<c 

(( 

U 

43.65 

0.92 

1686 

2157 

6.22 

7.03 

1336 

« 

« 

M 

45.65 

0.88 

1730 

2235 

6.16 

7.00 

*I337 

'.H 

20JA 

3x3/1 

4X2X} 

34.35 
36.35 

1.03 

1504 

1794 

6.62 

7.23 

1338 

"t 

« 

«< 

0.98 

1549 

1881 

6.53 

7.19 

1339 

<( 

i( 

« 

38.35 

0.93 

1593 

1966 

6.45 

7.16 

1340 

:!^ 

<i 

t( 

it 

40.35 

0.88 

1638 

2050 

6.37 

7.13 

1341 

ti 

« 

K 

(( 

42.35 

0.84 

1682 

2132 

6.30 

7.10 

1342 

rt* 

« 

(( 

« 

46.35 

0.80 

1727 

2212 

6.24 

7.06 

1343 

(1 

ff 

l( 

« 

0.77 

1770 

2290 

6.18 

7.03 

id"X»o"SectI<» 

B  Series. 

I 

*I344 

i6x| 

20XA 

Jlxjixl 

jx3ix| 

31.81 

1.99 

1288 

1473 

6.36 

6.80. 

134s 

~t 

« 

l( 

« 

33.81 

1.87 

1339 

1547 

6.28 

6.76 

1346 

(1 

« 

« 

3581 

1.76 

1388 

1620 

6.22 

6.72 

1347 

"^ 

« 

«< 

« 

37.81 

1.67 

1437 

1691 

6.16 

6.68 

1348 

C< 

tt 

« 

« 

39.81 

1.59 

1485 

I761 

6.10 

6.64 

1349 

!!« 

« 

« 

<l 

41.81 

I.5I 

1532 

1829 

6.05 

6.61 

1350 

« 

M 

« 

(« 

43.81 

1.44 

1579 

1896 

6.00 

6.58 

♦Sp 

acing  of  rivet  lines  0 

f  web  greater  than  3 

0  X  thickness  of 

plate. 

1 
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TABLE  U.—CofUinued. 
Properties  of  Top  Chord  Sections. 


T 

f'^ 

— P 

r 

of 

4:-- _ 

ltt: 

L- 

:mf 

Four  Antkm 
and 

Top  Cboiti  Sectioofl. 

1  '"" 

J  r 

Thfw  PIaU*. 

-" 

I 

L^ 

1 

Ftet«t. 

Aii||l«. 

loertJm. 

RAdiiof  Gyra-  1 
tJoo.           1 

Grow  Ajca. 

Eccen- 

, 

trioLr 

Axk 

AsU 

AxU 

Aili 

Section 

A~A. 

B'B. 

A-A, 

&-B. 

Number. 

Web. 

Cover* 

Top. 

BatUina. 

A 

e 

U 

U 

U 

fB 

laches. 

Incha, 

lnchd. 

Inch**, 

Inch«^. 

[ocha. 

1 
ladi«A.jEnch£d«. 

IsdiEi. 

la^hm. 

♦1351 

i6zf 

20xA 

3ixjjxf 

5»3J/A 

32.77 

1.72 

1364 

1541 

6.45 

6.85 

1352 

"'t 

i( 

« 

34.77 

1.62 

I412 

1615 

6.37 

6.81 

I3S3 

« 

« 

ii 

36.77 

1.54 

1459 

1688 

6.30 

6.77 

1354 

"^ 

(i 

« 

tt 

38.77 

146 

1506 

1759 

6.23 

6.74 

1355 

it 

<i 

M 

« 

40.77 

1.39 

1553 

1829 

6.17 

6.70 

1356 

"  i 

(C 

« 

« 

42.77 

1.32 

1599 

1897 

6.II 

6.66 

I3S7 

« 

f< 

« 

C( 

44.77 

1.26 

1646 

1964 

6.06 

6.62 

♦1358 

i6xf 

20XA 

3Jx|{Jxf 

Sx3ixJ 

33.71 

1.49 

143 1 

1609 

6.51 

6.91 

1359 

~t 

C( 

i( 

35-71 

140 

1479 

1683 

643 

6.86 

1360 

« 

« 

*€ 

37.71 

1.33 

1525 

1756 

635 

6.82 

1361 

u     t 

«( 

M 

M 

39.71 

1.26 

1571 

1827 

6.29 

6.78 

1362 

c«    1 

u 

« 

M 

41.71 

1.20 

1617 

1897 

6.22 

6.74 

1363 

**  ti 

(( 

(C 

« 

43.71 

I.I5 

1661 

1965 

6.16 

6.70 

1364 

<«  1 

« 

U 

f( 

45.71 

1. 10 

1707 

2032 

6.11 

6.66 

♦1365 

i6x| 

20XA 

3lx2lx| 

Sx3JxA 

ii§ 

1.26 

1497 

1677 

6.57 

6.96 

1366 

~t 

i( 

i« 

1.19 

1543 

1751 

648 

6.91 

1367 

« 

<i 

« 

38.65 

I.13 

1588 

1824 

641 

6.87 

1368 

"A 

<c 

« 

« 

40.65 

1.07 

1633 

1895 

6.34 

6.83 

1369 

« 

u 

« 

u 

42.65 

1.02 

1678 

1965 

6.27 

6.79 

1370 

«  i 

M 

<i 

u 

44.65 

0.98 

1722 

2033 

6.21 

6.75 

1371 

«  J 

f< 

« 

M 

46.65 

0.94 

1767 

2100 

6.15 

6.71 

♦137a 

i6x| 

20XA 

Jjxjjxf 

Sx3ix| 

35.55 

1.05 

1556 

174; 

6.61 

7.00 

1373 

::f 

4i 

f< 

37  55 

0.99 

1600 

1816 

6.53 

6.95 

1374 

(C 

<C 

c< 

39.55 

0.94 

1644 

1889 

6.45 

6.91 

1375 

"^ 

c< 

<C 

c< 

41.55 

0.90 

1698 

i960 

6.37 

6,87 

1376 

f< 

« 

M 

M 

43-55 

0.86 

1733 

2030 

6.31 

6.83 

1377 

« * 

<i 

« 

M 

45.55 

0.82 

1777 

2098 

6.24 

6.78 

1378 

M 

« 

« 

M 

47.55 

0.78 

1822 

2165 

6.19 

6.74 

*I379 

i6xi 

20XA 

jJxjW 

Sx3JxH 

36.45 

0.86 

1610 

1808 

6.64 
6.56 

7.04 

1380 

"r* 

i< 

« 

3845 

0.81 

1655 

1882 

6.99 

1381 

"i 

<« 

c< 

M 

4045 

0.77 

1698 

1955 

648 

6,95 

1382 

"A 

M 

M 

« 

424s 

0.73 

1742 

2026 

641 

6.91 

1383 

M 

M 

M 

M 

4445 
464s 

0.70 

1786 

2096 

tit 

6.87 

1384 

«    * 

M 

« 

U 

0.67 

1829 

2164 

6.83 

138S 

M 

M 

M 

« 

4«4S 

0.64 

1873 

2232 

6.22 

6.79 

♦Sp 

acing  of  rivet  lines  0^ 

f  web  greater  than  30  X  thicki 

less  of  ] 

plate. 
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TABLE  SL— Continued. 
Propbrties  of  Top  Chord  Sections. 


? 


Top  Chord  Sections. 


Four  Angka 

and 
Three  Platea. 


Section 

Number. 


♦1386 
1387 
1388 
1389 
1390 
1391 
1392 


Plates. 


Web. 


l6zf 

■  t 


Cover. 


Inches. 


20xA 


ToiK 


Inches. 


3Jx3ixf 


Inches. 


SX3W 


Gross  Axea. 


Inches'. 


37.33 
39.33 
41.33 
43.33 
4533 
47.33 
49.33 


Eccen- 
tricity. 


Inches., 


0.68 
0.64 
0.61 
0.58 
0.56 

0.53 
0.51 


Moments  of 
Inertia. 


Axis 
A-A. 


Inches*. 


1660 
1704 

1747 
1790 
1834 
1876 
1920 


Axis 
B-B. 


Inches*. 


187s 
1949 
2022 
2093 
2163 
2231 
2298 


Radii  of  Gyra- 
tion. 


Axis 
A-A. 


'A 


6.67 
6.58 
6.50 
6.42 
6.36 
6.30 
6.24 


Axis 
B-B. 


Inches. 


7.09 
7.03 
6.99 
6.94 
6.90 
6.86 
6.83 


x8"  X  ai"  Section.    A  Series. 


*I393 
1394 
I39S 
1396 

1397 
1398 

•1399 
1400 
1 401 
1402 
1403 
1404 

*I40S 
1406 

1407 
1408 
1409 
1410 

♦14II 
1412 
1413 
1414 

1416 


'«f 

aixj 

jxjxl 

4^3x1 

35.43 

2.56 

1712 

1912 

6.95 

37.68 

2.40 

1787 

2023 

689 

"^ 

f< 

39.93 

2.27 

i860 

2132 

6.82 

42.18 

2.IS 

193 1 

2239 

6.77 

"  * 

« 

<( 

« 

4^61 

2.04 

2002 

2345 

6.72 

U  : 

« 

1.94 

2072 

2449 

6.66 

l8xA 

aixj 

Sxjxl 

W^^ 

36.21 

2.33 

1799 

1975 

7.05 

"K 

« 

(4 

3846 

2.19 

1871 

2086 

6.97 

if 

« 

'« 

(C 

40.71 

2.07 

1942 

2195 

6.91 

-    " 

« 

« 

« 

42.96 

1.96 

2012 

2302 

6.85 

"  i 

« 

« 

« 

45.21 

1.86 

2081 

2408 

6.79 

M  , 

it 

« 

47.46 

1.78 

2149 

2512 

6.73 

'«f 

"fi 

3xp^x| 

4x?.xJ 

36.97 
39.22 

2.12 
2.00 

1878 
1948 

2039 
2150 

7.13 
7.05 

"A 

<« 

« 

41.47 

1.89 

2018 

2259 

6.98 

<c 

« 

43.72 

1.79 

2086 

2366 

6.91 

"  * 

« 

« 

M 

45.97 

1.70 

2154 

2472 

6.85 

f< 

f< 

« 

« 

48.22 

1.62 

2221 

2576 

6.79 

•«f 

2IXJ 

3x^x1 

4X3fA 

37.71 

1.92 

1952 

2100 

7.20 

ft 

i< 

39.96 

1.81 

2021 

2211 

7.11 

"^ 

C( 

« 

fi 

4221 

172 

2089 

2320 

7.03 

c< 

c< 

« 

(( 

4446 
46.71 

1.63 

2155 

2427 

6.96 

"  i 

1.55 

2222 

2533 

6.90 

«  ; 

« 

f< 

«( 

48.96 

1.48 

2288 

2637 

6.84 

*  spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 


7.35 
7.33 
7.31 
7.29 
7.27 
7.24 

7.39 
7.37 
7.35 
7.32 
7.30 
7.28 

7.43 
7.41 
7.38 
7.36 
7.33 
7.31 

7.46 
7.44 
7.42 
7-39 
7.36 
7.34 
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TABLE  S^,— Continued. 
Propbrtibs  of  Top  Chord  Sections. 


'r-« 

^ 

1 

— r 

r 

xToperaei 
of 

4^— 

:~j.rr: 

Four  Angles 
and 

Top  Cbocd  Sectkoi. 

< 

Three  Plates. 

1^1 
1 

Plates. 

Angles. 

MomenUof 
Inertia. 

Radii  of  Gyra.  1 
tion.          1 

Gross  Area. 

Eccen- 
tricity. 

Axis 

Axis 

Axis 

Axis 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

'A 

Tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

♦1417 

"t 

2.XJ 

3xp.x| 

4Xjx| 

3843 

1.74 

2021 

2160 

7.25 

7.50 

1418 

<4 

40.68 

1.64 

2088 

2271 

717 

7.47 

1419 

^ 

ti 

M 

« 

42.93 

1^ 

2154 

2380 

7.09 

745 

1420 

« 

M 

M 

M 

45,18 

2220 

2487 

7.01 

742 

I42I 

r* 

M 

M 

M 

47.43 

I.41 

2286 

2593 

6.94 

740 

1422 

« 

.           U 

M 

M 

49.68 

1.34 

2351 

2697 

6.88 

7.37 

♦1423 

':t 

aixj 

3x^x1 

4x3.x» 

39.15 

1.56 

2087 

2221 

7.30 

7.53 

1424 

<• 

C< 

4140 

1.47 

2153 

2332 

7.21 

7.51 

142s. 

A 

M 

M 

« 

43.65 

140 

2219 

2441 

7.13 

748 

1426 

« 

M 

M 

M 

45.90 

1.33 

2283 

2548 

7.05 

745 

1427 

r* 

M 

a 

a 

48.IS 

1.27 

2348 

2654 

6.98 

743 

1428 

« 

M 

M 

M 

5040 

I.2I 

2412 

2758 

6.92 

740 

♦1429 

i8zA 

»ixj 

Sxjxl 

4X2X} 

39.85 

I4D 

2146 

2282 

7.34 

7.57 

1430 

i« 

u 

42.10 

1.32 

2212 

2393 

7.25 

7.54 

143 1 

it  1 

(( 

M 

M 

4435 

1.25 

2276 

2502 

7.16 

7.51 

1432 

« 

M 

U 

46.60 

I.I9 

2340 

2609 

7.09 

748 

1433 

«  11 

(( 

« 

« 

48.85 

I.I4 

2404 

2715 

7.02 

746 

1434 

«  1 

M 

« 

« 

51.10 

1.09 

2467 

2819 

6.95 

743 

z8'' X  3x"  Section.    B  Series.                                                                    | 

*I43S 

I8xf 

Jlxj 

Jix^ixl 

Sx3ix| 

35.06 

2.49 

1779 

1805 

7.12 

7.18 

•1436 

't 

<< 

« 

37.31 

2.34 

1853 

I9OI 

7.05 

7.14 

1437 

U 

M 

M 

39.56 

2.21 

1925 

1996 

6.98 

7.10 

1438 

"A 

M 

« 

M 

41.81 

2.09 

1995 

2090 

6.91 

7-07 

1439 

<c 

M 

« 

M 

44.06 
46.31 

1.98 

2065 

2183 

6.84 

7.04 

1440 

"  i 

M 

U 

M 

1.89 

2135 

2275 

6.79 

7.01 

1441 

f< 

M 

u 

M 

48.56 

1.80 

2204 

2366 

6.74 

6.98 

♦1442 

'H 

aixj 

ii'lM 

5x3ixA 

36.02 

2.21 

1883 

1880 

7.23 

7.23 

*I443 

S 

tc 

« 

38.27 

2.08 

1954 

1977 

P 

7.19 

1444 

M 

t€ 

« 

40.52 

1.97 

2024 

2072 

7.15 

1446 

JL 

« 

M 

M 

42.77 

1.86 

2093 

2166 

6.99 

7.12 

«   1 

« 

« 

i( 

45.02 

1.77 

2161 

2259 

6.93 

7.09 

1447 

C(      fl 

M 

« 

M 

47.27 

1.69 

2229 

2351 

6.87 

7.06 

1448 

4(      i 

(« 

<( 

« 

49.52 

1.61 

2296 

2443 

6.81 

7.03 

•Sp 

acing  of  rivet  lines  <^ 

f  web  greater  thaA  30  X  thicki 

less  of 

plate. 
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TABLE  U.-^onUnued, 

PROPERTIBS  OF  TOP  ChORD  SECTIONS. 


^ 

ij 

rh 

— r 

iF 

Properties 
rop  Chord  Sectiona. 

4*-— 

_ 

■^ 

Four  Andes 

and 
Three  Plates. 

1 

c    """ 

"       4 

.    ( 

r 

L^l 

J 

Plates. 

Angles. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Eccen- 

tricity. 

Axis 

Axis 

Axis 

Axis 

Section 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

c 

Ia 

Ib 

'A 

Tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches«. 

Inches. 

Inches. 

*I449 

^H 

".5* 

3ixjW 

Sx3jxJ 

36.96 

1.96 

1975 

1957 

7.31 

7.28 

•1450 

't 

«( 

M 

39.21 

1.84 

2045 

2053 

7.22 

7.24 

1451 

u 

M 

M 

4146 

1.74 

2II2 

2147 

7.14 

7.20 

1452 

"A 

M 

a 

M 

43.71 

1.65 

2180 

2242 

7.06 

7.16 

1453 

4« 

M 

M 

M 

45.96 

1-57 

2247. 

2335 

6.99 

7.13 

1454 

!!tt 

M 

«4 

M 

48.21 

1.50 

2313 

2427 

6.93 

7.10 

1455 

\ 

M 

M 

M 

50,46 

M3 

2379 

2518 

6.87 

7.07 

•1456 

i8z| 

2IXJ 

Jix^jxl 

5»3ixA 

37.90 

1.71 

2066 

2033 

7.38 

7.32 

•1457 

'■t 

(i 

11 

40.15 

1.61 

2134 

2129 

7.29 

7.28 

1458 

C< 

« 

M 

42.40 
44.65 
46.90 

1.53 

2200 

2224 

7.19 

7.24 

1459 

"A 

« 

M 

M 

^•^i 

2265 

2318 

7.12 

7.21 

1460 

<(     B 

C( 

M 

«4 

1.38 

2331 

241I 

7.05 

7.17 

1461 

"H 

« 

« 

a 

49.15 

1.32 

2395 

2503 

6.98 

7.14 

1462 

« 

u 

« 

M 

51.40 

1.26 

2460 

2594 

6.92 

7.10 

•1463 

l8xi 

21XJ 

Jjxjixf 

Sxiixl 

38.80 
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2145 

2106 

7.44 

7.37 

♦1464 
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41.05 

1.40 
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2203 
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7.33 

1465 

M 

M 

<f 
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1.33 
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7.29 

1466 
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<C 

M 

M 
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1.26 

2340 

239a 

7.17 

7.25 

1467 
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« 

M 
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47.80 

1.20 

2405 

2485 

7.09 
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1468 
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f( 

M 

M 

50.05 

1.15 

2439 

2577 

7.02 

7.18 

1469 

4( 

M 

« 
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1. 10 

2532 

2668 

6.96 

7.14 

•1470 

l8z| 

«xj 

Sjxjjxl 
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39.70 

1.27 

2224 

2180 
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7.41 

♦1471 

:i 

« 

« 

41.95 

1.20 

2288 

2276 

7.38 

7.37 

1472 
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« 

« 
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4645 

1.14 

2351 
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7.29 

7.33 

1473 
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C( 
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2415 

2465 

7.21 

7.29 
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C« 
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«( 

M 

50.95 
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2542 
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7.21 

1476 

M 

« 

« 
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2741 

7.00 

7.18 

•1477 

l8x| 

«ix§ 

Jixpixf 

Sx3Jxl 

40.58 

1.08 

2293 

2255 

7.51 

7.45 

♦i47« 

(( 

l« 

42.83 

1.02 

2356 

2351 

742 

7.41 

1479 

<C 

« 

« 

45.08 

0.97 

2419 

2446 

7.32 

7.37 

1480 
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« 

« 

<« 

47.33 

0.93 

2481 

2540 
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7.33 
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«< 

«< 

49.58 

0.89 

2546 

2633 

7.29 

1482 
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«< 
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TABLE  ^.-^ontinued. 
Properties  of  Top  Chord  Sections. 
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i-^4 

— _ 
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4- 
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Three  Plates. 
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Plates. 

Angles. 

Momenta  of 
Inertia. 

Radii  of  Gym- 

tion. 

Sectim 
Number. 

'^ffV^H    Aflf^B 

Ecoen* 
tridty. 

unMS  AIO. 

Axis 

Axis 

AxU 

Ad. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B  . 

A 

c 

U 

Ib 

ta 

_if» 

iDCbC 

Inches. 

Indies. 

Inches. 

Inches. 

Inched. 

laches. 

Indies*. 

Inches*. 

Inches. 

18"  X  aa"  Section 

.    ASerici. 

•1484 

»?.f 

22XJ 

3x^x1 

4x3x1 

H-^ 

2.65 

1735 

2170 

6.95 

7-77 

148s 

• 

38.18 

249 

1811 

2297 

6.89 

7.76 

i486 

li' 

M 

« 

M 

1^11 

2.35 

1885 

2422 

6.83 

7-74 

1487 

f. 

M 

" 

M 

2.23 

1957 

2545 

6.77 

7-7* 

14S8 

H 

M 

« 

M 

44.93 
47.18 

2.12 

2028 

2667 

6.72 

7.70 

1489 

"i 

M 

M 

M 

2X>2 

2099 

2787 

6.67 

7.68 

♦1490 
1491 

'Sf 

"5* 

3«2xl 

4X3XA 

& 

242 
2.28 

1823 

22^ 
2367 

l^ 

7.81 
7.80 

1492 

"^ 

M 

M 

M 

41.21 

2.16 

196S 

2492 
2615 

6.91 

7.78 

1493 

f« 

M 

u 

U 

4346 

2.05 

2038 

6:85 

7.76 

1494 

"  * 

M 

M 

M 

45.71 

1.94 

2108 

2737 

6.79 

7-74 

1495 

u 

« 

U 

M 

47.96 

1.85 

2177 

2857 

6.74 

7-7a 

♦1496 

'Sf 

a2xj 

jxjxf 

4X2«* 

3747 

2.21 

1904 

2310 

7.13 

7.8s 

1497 

** 

39.72 

2.09 

1975 

2437 

7.05 

783 

1498 

"i* 

« 

M 

M 

41.97 

1.97 

2045 

6.98 

7.81 

1499 

«    . 

« 

«« 

« 

4647 

1.87 

2114 

268c 

6.92 

7-79 

1500 

"  i 

M 

« 

M 

1.78 

2182 

2807 

6.85 

7-77 

1501 

« 

M 

M 

M 

48.72 

1.70 

2250 

2927 

6.80 

7.7s 

♦1502 

w 

MX| 

jx^xl 

4X3xA 

38.21 

2.02 

1979 

2379 

7.20 

7.89 

1503 

<f 

«< 

4046 

1.90 

2048 

2506 

7.12 

7-87 

1504 

"^ 

M 

M 

M 

42.71 

1.80 

2117 

2631 

7.04 

7.8s 

1505 

« 

M 

M 

tt 

44.96 

1.71 

2184 
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6.97 

7.8J 

1506 
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C< 

tt 

M 

47.21 

1.63 

2251 

6.90 

7.80 

1507 
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« 

M 

M 

4946 

1.56 

2318 
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6.85 

7.78 

•1508 
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22zi 
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4^x1 
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38.93 

1.83 
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TABLE  M.— Continued. 
Properties  of  Top  Chord  Sections. 
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_ 

— 

J  , 

FourAnsks 
and 
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Three  Plates. 
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Plates. 

Angles. 
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Eccen- 
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Inertia. 

Radii  of  Gyra- 
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Axis 

Axis 

Axis 
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Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

'A 

ra 

Incfaca. 
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Inches. 

Incho. 
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4X3xtt 
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7.96 
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41.90 

1.57 
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7.22 

7.94 
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44.15 

1.49 

2249 
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7.92 
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« 
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2888 

7.89 
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6.99 
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(« 

U 

c< 
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6.93 

7.84 

•1520 
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22XJ 

3xjx| 

4^3x1 

40.3s 
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2177 

2581 

7.35 

8.00 

1521 

« 

tt 

42.60 

1.41 

2243 

2708 

7.26 

7-97 

1522 

^ 

« 

C< 

M 

44.85 

1-34 

2308 

2833 

7.17 

7.95 

15^3 

C( 

(« 

(( 

(( 

47.10 

1.28 

2372 

2956 

7.09 

7.92 

1524 
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7.03 
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f( 
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6.96 
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35.56 
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♦1527 
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« 

(( 

37.81 

2.43 

1877 

2166 

7.05 

757 

1528 
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(( 

(( 

40.06 

2.30 
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2277 

6.98 

7-54 

1529 
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42.31 

2.17 

2021 
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6.92 

7.51 

1530 
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44.56 

2.06 

2093 
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6.86 

7.48 

1531 
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c< 
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6.75 

7.42 
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1538 
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<C 
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1.76 
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6.87 

7.50 

1539 

c« 

M 

« 

M 
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1.68 
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2787 

6.82 

7.47 
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l8xi 
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37.46 
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2222 

7.31 

7.70 

•1541 

"A 

« 

«< 

3971 

1-93 

2072 

2335 

7.22 

7.67 
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"I 

c< 

<« 

U 

41.96 

1.83 

214I 

2446 

7-14 

7.64 

1543 

"A 

(( 

« 

c< 

r.i 

1.74 
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2555 

7.06 

7.60 

1544 

« 

« 

(( 

CC 
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2276 
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7.00 

7.57 

1545 

"  i 

<« 

(( 

(C 

48.71 
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6.94 

7.54 
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(( 

« 

(C 

50.96 

1.15 
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TABLE  M.^CotUinued. 
Properties  of  Top  Chord  Sections. 
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1 

Properties 
of 

4L-. 

4" 

—  — -4- — 

J, 

Four  An^es 
and 

Top  Chord  Sections. 
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Angles. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Gross  Area. 

Eccen- 
tricity. 

Axis 

Axis 

Axis 

AxU 

A-A. 

B-B. 

A-A. 

B-B. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

'A 

TB 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•1547 

i8xi 

22xJ 

3JxjJx} 

5X3JxA 

38.40 

I.81 

2093 

2306 

7.38 

7.75 

•1548 

:t 

({ 

M 

40.65 

I.71 

2161 

2419 

7.29 

7.71 

IS49 

tt 

C(      • 

« 

42.90 

1.62 

2229 

2530 

7.21 

7.68 

1550 

f* 

t* 

(( 

<« 

45.15 

1-54 

2294 

2639 

7-13 

7.64 

1551 

tt 

u 

« 

(« 

47.40 

1-47 
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2746 

7.06 

7.61 

1552 

::  * 

C( 

M 

«< 

4965 

1.40 
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6.99 

7.58 

1553 

« 

it 

« 

<« 

51-90 

1-34 

2491 

2956 

6.93 

7.54 

*ISS4 

iSxi 

22XJ 

Jix^jxl 

5x3ixl 

39.30 

1.58 

2177 

2388 

7.44 

7.80 
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tt      T 
(i     1 

tt 

« 

4155 

1.50 

2243 

2502 

7.35 

7.76 

1556 

tt 

« 

M 

43.80 

1.42 

2309 

2613 

7.26 

7-73 

1557 

tt      t 

tt 

" 

« 

46.05 

1-35 

2373 

2722 

7.18 

7.69 

1558 

« 

tt 

it 

M 

48.30 

1.29 

2438 

2829 

7.II 

7.66 

1559 

!;  J* 

tt 

« 

50-55 

1.23 

2502 

2935 

7.04 

7.62 

1560 

tt 

« 

tt 

(( 

52.80 

1.18 

2566 

3039 

6,97 

7.59 

•1561 

iSxi 

22XJ 

3JxpW 

Sx3ixtt 

40.20 

.1.37 

2255 

2470 

7.49 

7.84 

♦1562 

't 

it 

i( 

42.45 

1.30 

2320 

2584 

7-39 

7.80 

1563 

« 

({ 

(( 

44-70 

1.24 

2385 

2695 

7-30 

7.77 

1564 

"^ 

« 

tt 

tt 

46.95 

1.18 

2448 

2804 

7.22 

7.73 

1565 

(( 

(( 

tt 

« 

49.20 

1. 12 

2512 

2911 

7-15 

7.69 

1566 

!!** 

c< 

" 

(( 

51-45 

1.07 

2576 

3017 

7.08 

7.66 

1567 

1 

(( 

<C 

« 

53.70 

1.03 

2639 

3121 

7.01 

7.63 

•1568 

l8xi 

22X} 

aixjjxf 

Sx3Jx} 

41.08 

1.18 

2326 

2553 

7.53 

7.89 

•1569 

:t 

(( 

(( 

43-33 
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7.43 

7.85 

1570 

tt 

(( 

tt 
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1.06 
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7.34 

7.81 
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tt 

«( 

(C 
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" 

(( 

« 
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« 

(( 

(( 
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0.93 
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7.11 
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(( 

(( 

(( 
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0.89 
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7.04 

7.66 
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7-97 
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"f 

<i 

tt 
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7.94 
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** 

« 

tt 
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2.25 
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7.91 
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(( 

i( 

« 
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2.13 
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3107 

7-51 
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<c 

« 

tt 
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7.85 
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TABLE  M.^CotUinued, 
Propbrtiss  of  Top  Chord  Sections. 
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IT 

Propertiefl 

of 

Top  Chord  Sections. 

4i 

4-- 

ltt;;;^: 

FourAn^es 

and 
Three  Plates. 

1^ 

Ji 

Plates. 

Angles. 

Piyi^   Atwo 

Gooen- 

MomenUof 
Inertia. 

RadU  of  Gyra- 
tion. 

VvroSB  Axes. 

tridty. 

Axis 

AxU 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

In 

ta 

rn 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Indies*. 

Inches*. 

Inches. 

Inches. 

3o"  X  aa"  Section.    B  Series. 

♦l6io 

20xA 
(( 

23x1 

4MXA 

6x4xA 

43.98 

2.29 

2782 

2721 

7.95 

7.86 

i6ii 

tt 

« 

M 

46.48 

2.17 

2877 

2845 

7.87 

7.82 

1612 

"^ 

«l 

« 

(i 

48.98 

2.06 

2973 

2966 

7.79 

7.78 

1613 

« 

« 

M 

« 

SI48 

1.96 

3066 

3085 

7.72 

7.74 

1614 

"  t 

C( 

« 

M 

53.98 

1.87 

3158 

3202 

7.65 

7.70 

1615 

«< 

M 

c« 

<« 

5648 

1.78 

3250 

3317 

7.58 

7.66 

♦1616 

'Tp 

23XJ 

4S4xA 

dxjjxl 

45." 

2.01 

2919 

2832 

'8.04 

7.92 

1617 

« 

It 

47.62 

I.9I 

3012 

2956 

7-95 

7.88 

1618 

ui' 

(( 

c< 

« 

50.12 

1.81 

3104 

3077 

7.87 

7.84 

1619 

« 

«< 

(C 

«« 

52.62 

1.73 

3195 

3196 

7.79 

7.79 

1620 

"  i 

C« 

« 

<4 

55.12 

1.65 

3285 

3313 

7.72 

7.75 

162 1 

« 

<« 

M 

«« 

57.62 

1.58 

3376 

3428 

7.65 

7.71 

♦1622 
1623 

'S'f 

„xi 

4x^A 

6x^A 

46.24 
48.74 

1:^ 

3050 
3140 

2941 
3065 

8.12 
8.03 

7.97 
7-93 

1624 

!!^ 

<< 

<« 

«< 

51.24 

1.58 

3230 

3186 

m 

7.88 

1625 

(t 

« 

It 

M 

53.74 

1.51 

3319 

3305 

7.84 

1626 

!!  * 

« 

« 

M 

56,24 

144 

3408 

3422 

7.78 

7.80 

1627 

c< 

M 

M 

M 

58.74 

1.38 

3497 

3537 

7.72 

7.76 

♦1628 

ft 

23x1 

4X43tA 

6x^1 

47.34 

1.51 

3170 

3048 

8.18 

8.02 

1629 

(( 

«( 

49.84 

^-^i 

3258 

3172 

8.08 

7.98 

1630 

^ 

<« 

c< 

«< 

52.34 

1.36 

3347 

3293 

8.00 

7.93 

163 1 

« 

M 

M 

M 

54.84 

1.30 

3434 

3412 

7.92 

7.89 

1632 

"  i 

C< 

U 

M 

57.34 

1.24 

3521 

3529 

7.84 

7.84 

1633 

«c 

M 

M 

M 

59.84 

1.19 

3609 

3644 

7.77 

7.80 

•1634 

Tt 

«3xJ 

4X43tA 

&4xH 

4841 

1.28 

3279 

3157 

8.13 

8.08 

1635 

C« 

« 

M 

50.92 

1.22 

3366 

3281 

8.13 

8.03 

1636 

li" 

l( 

u 

W 

5342 

1.16 

3453 

3402 

» 

7.98 

1637 

« 

« 

M 

« 

55.92 

I. II 

3539 

3521 

7.94 

1638 

r  * 

«< 

i( 

M 

1.06 

3625 

3638 

7.88 

7.89 

1639 

« 

<« 

(« 

<« 

1.02 

3712 

3753 

7.81 

7.85 

*Sp 

acing  of  n 

vet  lines  oJ 

f  web  greater  than  30  X  thicla 

less  of  plate. 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


f 

1  ii 

T* 

Propertlea 
of 

4^... 

"I  iTnii"! 

:~nfc^ 

Four  Angles 
and 

Top  Cbord  Sectioni. 

( 

J  , 

Three  Plates. 

1 

1 

Platei. 

Angles. 

Momenta  of 

Radii  of  Gyra- 

Gross  Area. 

Eccen- 
tricity. 

Inertia. 

tion. 

Section 

Axis 

Axis 

Axis 

Axis 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

'A 

tb 

InchH. 

Inches. 

Inches. 

Inches. 

Inche«>. 

Inches. 

Inches'. 

Inches*. 

Inches. 

Inches. 

♦1640 

"•"t 

»3xJ 

4x4^* 

6x4x1 

4950 

1.06 

3384 

3265 

8.27 

8.12 

1641 

<( 

i( 

it 

52.00 

1. 01 

3470 

3389 

8.17 

8.07 

1642 

«  1 

« 

<« 

(C 

5450 

0.96 

3556 

3510 

8.08 

8.02 

1643 

<( 

« 

« 

57.00 

0.92 

3641 

3629 

7.99 

7.98 

1644 

t*  11 
«   a 

« 

<i 

c< 

59-50 

0.88 

3726 

U 

79' 

7.93 

164s 

« 

(( 

«( 

62.00 

0.85 

3812 

7.84 

7.89 

ao"  X  24"  Section 

.    A  Series. 

1 

♦1646 

*2'*. 

*4xA 

3Jx;,W 

SX3W 

4456 

2.87 

2651 

3104 

7.71 

8.35 

1647 

^ 

« 

« 

47.06 

2.71 

2754 

3262 

7.65 

8.33 

1648 

« 

« 

M 

CI 

49.56 

2.57 

2855 

3418 

7.59 

8.31 

1649 

"? 

c< 

<« 

« 

52.06 

2.45 

2954 

3572 

7.54 

8.29 

1650 

<c 

M 

M 

54.56 

2.34 

3051 

3724 

748 

8.27 

•1651 

20x} 

a4jA 

3ix?W 

Sx3JxA 

455* 

2.61 

2784 

3207 

7.82 

8.39 

1651 

If* 

« 

« 

48.02 

2.48 

2883 

3365 

7.75 

8.37 

1653 

C( 

«< 

« 

c< 

50.52 

2.36 

2980 

3521 

7.68 

8.34 

1654 

«i* 

u 

C( 

c< 

53.02 

2.25 

3077 

3675 

7.62 

8.32 

i6ss 

««  . , 

« 

« 

M 

55.5* 

2.14 

3173 

3827 

7.56 

8.30 

•1656 

*2*i 

*4xA 

3ix3|i| 

Sx3ixi 

46.46 

2.38 

2907 

3310 

7.91 

8.44 

1657 

^ 

i( 

« 

(( 

48.96 

2.26 

3003 

3468 

7.83 

8.41 

1658 

€t 

c« 

«C 

« 

51.46 

2.15 

3098 

3624 

7.76 

8.39 

1659 

!!  * 

« 

« 

M 

53.96 

2.05 

3193 

3778 

7.69 

8.37 

1660 

« 

c< 

M 

« 

56.46 

1:96 

3286 

3930 

7.63 

8.34 

•1661 

20x} 

24:cA 

3lx3|x| 

Sx3lxA 

47.40 

2.16 

3024 

3413 

7.98 

8.49 

1662 

«  JL 

« 

(( 

(( 

49.90 

2.05 

3118 

3571 

7.90 

8.46 

1663 

<c    i 

ti 

(1 

It 

52.40 

1-95 

3211 

3727 

7.83 

8.44 

1664 

u   Ix 

U 

« 

u 

54.90 

1.86 

3305 

3881 

7.76 

841 

1665 

<(  1 

t* 

c< 

*t 

5740 

1.78 

3396 

4033 

7-69 

8.38 

•1666 

20X} 

24jA 

3lx2lx| 

Sx3ix| 

48.30 

1.95 

3132 

3671 

8.05 

8:53 

1667 

!!^ 

« 

(• 

50.80 

1.86 

3224 

7.97 

8.50 

1668 

l< 

u 

C( 

M 

53.30 

1-77 

3315 

3827 

7.89 

847 

1669 

"  i 

u 

« 

« 

55.80 

1.69 

3407 

3981 

7.81 

845 

1670 

«  ; 

t€ 

<( 

<l 

58.30 

1.62 

3497 

4133 

7.74 

842 

•Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  3 

t>  X  thicki 

less  of  plate.                                     | 
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TABLE  ^.—Continued, 
Properties  of  Top  Chord  Sections. 


f 

I"" 

r 

1 

Pfopertiefl 

.  -..AA 

FourAnsks 

of 

-..-I 

.... 

- .Tt 

and 

1 

Top  Chonl  Section. 

I 

i  , 

-.r-/ 

■    1 

i 

Plates. 

Angles. 

Gross  Ares. 

Ecoen- 
tridty. 

MomenUof 
Inertia. 

RsdilofGyra. 
tion. 

AxU 

Axis 

AxU 

Axis 

Section 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

rx 

rs 

Inches. 

Inches. 

Inches. 

Inchei 

1. 

Inches*. 

Inches. 

Inches*. 

Inchest 

Inches. 

Inches. 

♦1671 

20x} 

24^A 

3JxjJx} 

5x3lx^ 

49.20 

1.76 

3234 

3613 

8.II 

8.57 

1671 

;;^ 

tt 

« 

51.70 

1.67 

3325 

3771 

8.02 

8.54 

1673 

« 

« 

« 

cc 

54.20 
56.70 

1.60 

3414 

3927 

?:SS 

8.51 

1674 

"h 

(( 

« 

« 

1.53 

3504 

4081 

848 

1675 

C( 

« 

C< 

IC 

59.20 

1.46 

3593 

4233 

779 

8.45 

♦1676 

20X} 

*4xA 

jJxpW 

SX3W 

50.08 

1.57 

33^9 

3714 

8.IS 

8.61 

1677 

"A 

C( 

« 

52.58 

1.50 

3418 

3872 

8.06 

8.58 

1678 

« 

« 

(( 

t< 

55.08 

143 

3506 

4028 

7-98 

8.55 

1679 

"  i 

M 

(( 

« 

57.58 

1.37 

3595 

4182 

7.90 

8.52 

1680 

((    , 

<l 

tt 

(( 

60.08 

I.31 

3683 

4334 

7.8} 

849 

ao"  X  aV  Section.    BSerin.                                                                   | 

•1681 

*?f 

*4xA 

4X4fA 

6x4xA 

45.98 

2.65 

2910 

3134 

7-95 

8.26 

1682 

« 

« 

l< 

48.48 

2.51 

3009 

3276 

7.88 

8.22 

1683 

"^ 

« 

« 

CI 

50.98 

2.39 

3108 

3415 

7.81 

8.18 

1684 

« 

C( 

•< 

« 

53.48 

2.28 

3205 

3552 

7-74 

8.15 

1685 

"H 

«< 

« 

<« 

5598 

2.17 

3300 

3687 

7.68 

8.II 

1686 

"     : 

« 

u 

CC 

5848 

2.08 

3396 

3820 

7.6a 

8.08 

•1687 

*S*f 

*^* 

4X4xA 

6x4xJ 

47.1a 

2-37 

3056 

3257 

8.05 

8,31 

1688 

« 

«« 

tt 

49.62 

2.25 

3152 

3399 

7-97 

8.28 

1689 

"A 

t< 

(f 

U 

52.12 

2.14 

3248 

3538 

7.90 

8.24 

1690 

(( 

« 

M 

ii 

54,62 

3343 

3675 

7.82 

8.20 

1691 

"tt 

c< 

« 

CC 

57.12 

1.96 

3435 

3810 

7.76 

8.17 

1692 

C( 

« 

<« 

cc 

59.62 

1.87 

35*8 

3943 

769 

8.13 

•1693 

*S'f 

a4xA 

4X4xA 

6x4xA 

48.24 

2.11 

3194 

3375 

8.14 

8.37 

1694 

«c 

«« 

t( 

50.74 

2.01 

3288 

3517 

8.0s 

8.33 

1695 

!!^ 

«< 

« 

CC 

53.^ 

1.91 

3381 

3656 

7-97 

8.29 

1696 

tt 

« 

<c 

ti 

55.74 

1.83 

3473 

3793 

7.89 

8.25 

1697 

"  i 

•< 

<c 

CC 

58.24 

1.75 

3564 

3928 

7.82 

8.21 

1698 

«< 

« 

II 

CC 

60.74 

1.68 

3655 

4061 

7.76 

8.17 

•1699 

«?f 

*4jA 

4X4fA 

6x4x1 

49.34 

1.87 

3323 

3495 
3637 

8.21 

841 

1700 

« 

« 

« 

51.84 

1.78 

3414 
3506 

8.12 

8.38 

170I 

«fr 

« 

•I 

€t 

^ 

1.70 

3776 

8.0} 

8.34 

1702 

« 

« 

<c 

CC 

1.62 

3595 

3913 

7-95 

8.30 

1703 

!!** 

(( 

« 

CC 

59.34 

1.55 

3685 

4048 

7.88 

8.26 

1704 

4 

(C 

« 

« 

61.84 

149 

3775 

4181 

7.81 

8.22 

*Sp 

acing  of  rivet  lines  0 

r  web  greater  than  50  X  thickf 

leasof 

plate. 

.       1 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


r 

1 

— r 

T 

Pxopertiefl 
of 

4- 

— 

t* 

Four  Angles 
and 

Top  Chord  Sectioni. 

1^ 

.... 

"rf 

Three  Plates. 

i  " 

Plates. 

Angles. 

Gross  Aran. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*J?S 

*?f 

*4jA 

WfA 

6x4xH 

50.42 

1.64 

3441 

3615 

8.26 

8.47 

1706 

« 

c< 

52.92 

1-57 

3530 

3757 

8.17 

8.43 

1707 

"^ 

<c 

<i 

€1 

5542 

1.50 

3620 

3896 

8.08 

8.39 

1708 

tt 

cc 

" 

U 

5792 

1.43 

3708 

4033 

8.00 

8.35 

1709 

::  i 

« 

" 

U 

60.42 

1.37 

3796 

4168 

7.93 

8.31 

1710 

M 

M 

CC 

62.92 

1.32 

3885 

4301 

7.86 

8.27 

•1711 

'^t 

**5* 

4MxA 

fix4x} 

51.50 

1.43 

3554 

3733 

8.31 

8.51 

1712 

it 

(( 

CC 

54.00 

1.36 

3642 

3875 

8.21 

8.47 

1713 

"t 

« 

« 

€t 

56.50 

1.30 

3730 

4014 

8.12 

8.43 

1714 

M 

<( 

CC 

59.00 

1.25 

3817 

4151 

8.04 

8.39 

'^'1 

"  * 

M 

« 

t€ 

61.50 

1.20 

3904 

4286 

797 

8.35 

1716 

(( 

(( 

CC 

64.00 

1.15 

3992 

4419 

7.90 

8.31 

22"  X  35"  Section.    A  Series. 

♦1717 

^i^'t' 

2sxA 

3Jx3§xA 

SX3ixJ 

52.55 

2.57 

3839 

4129 

8.55 

8.87 

1718 

it 

« 

<( 

tt 

5530 

2.44 

3967 

4323 

8.47 

8.84 

1719 

«  * 

cc 

l( 

CC 

58.05 

2.33 

4093 

4514 

8.40 

8.82 

1720 

It 

<C 

cc 

60.80 

2.22 

4219 

4703 

8.33 

8.80 

♦1721 

*ii*^ 

2sxA 

3ix3JxA 

53C3ixA 

5349 

2.35 

3983 

4242 

8.63 

8.90 

172a 

<i 

(( 

<( 

C( 

56.24 

2.24 

4108 

4436 
4627 

8.54 

8.88 

1723 

u     * 

« 

« 

cc 

5899 

2.14 

4232 

8.47 

8.86 

1724 

« 

« 

<C 

cc 

61.74 

2.04 

4355 

4816 

8.40 

8.83 

♦1725 

*f:'p 

»sjA 

3Jx3|xA 

Sx3Jx| 

54.39 

2.15 

4116 

4350 

8.70 

8.94 

1726 

M 

(( 

CC 

5M4 

2.05 

4238 

4544 

8.61 

8.92 

1727 

"  i* 

« 

« 

tt 

59.89 

1-95 

4361 

4735 

8.53 

8.89 

1728 

« 

« 

CC 

cc 

62.64 

1.86 

4483 

4924 

8.46 

8.87 

•1729 

*.?^ 

2sxA 

3ix3JxA 

SX3JxH 

5529 

1.96 

4363 

4460 

8.76 

8.98 

1730 

(( 

il 

(( 

(i 

58.04 

1.86 

4654 

8.67 

8.96 

173 1 

u     ♦ 

« 

c< 

IC 

60.79 

1.78 

4483 
4603 

4845 

8.59 

8.93 

1732 

«« 

(( 

cc 

cc 

63.54 

1.70 

5034 

8.51 

8.90 

•Spj 

icing  of  rivet  lines  ol 

F  web  greater  than  30  X  thicku 

less  of  plate.                                      1 

177 


TABLE  M.--CofUinued. 
Properties  of  Top  Chord  Sections. 


f 

.r.^ 

1  ■ 

r 

Propcrticfl 
Top  Chonl  Sectkma. 

A 

< 

.r::i~. 

1  , 

FourAn^es 

and 
Three  Plates. 

ir 

L=... 

Plates. 

Anfl^es. 

Gross  Area. 

Ecoen- 

Inertia. 

Radii  of  Gyra- 
tion. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Section 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Is 

ta 

T» 

Inches. 

Inches. 

Inches. 

Inches. 

Inched. 

Inches. 

Inches^. 

Inches^. 

Inches. 

Inches. 

*I733 

22xA 

25xA 

3Jx3ixA 

5X3W 

56.17 

1.77 

4361 

4570 

8.81 

9.02 

1734 

58.92 

1.69 

4480 

4764 

8.72 

8.99 

1735 

::j* 

(( 

« 

CC 

61.67 

1.62 

4598 

4955 

8.63 

8.96 

1736 

«« 

« 

« 

6442 

1.55 

4716 

5144 

8.55 

8.93 

32^  Xas^ Section.    BSeries.                                                                    | 

V'^K 

*"*. 

25xA 

4X4xA 

6x4xi 

52.18 

2.47 

3974 

3939 

8.73 

8.69 

•1738 

^ 

(C 

« 

«C 

54-93 

2.34 

4102 

4113 

8!56 

8.65 

1739 

M 

CC 

57.68 

2,23 

4227 

4284 

8.62 

1740 

n  * 

6043 

2.13 

4351 

4453 

849 

8.58 

I74I 

** : 

«« 

M 

Ci 

63.18 

2.04 

4473 

4620 

8.41 

8.55 

•174a 

22X} 

25xA 

4X4xA 

6z4xA 

53.30 

2.21 

»i 

4070 

8.81 

8.74 

•1743 

<«     • 

« 

« 

CC 

56.05 

2.10 

4*44 

8.72 

8.70 

1744 

fC 

M 

u 

58.80 

2XX> 

4388 

4415 

8.64 
8.56 

8.67 

1745 

M 

CC 

61.55 

1. 91 

4509 

4584 

8.63 

1746 

«<  1 

M 

«< 

*l 

64.30 

1.83 

4630 

4751 

849 

8.60 

•1747 

22Z} 

a5xA 

4X41A 

6x4»l 

5440 

1.96 

4*99 

4200 

8.89 

8.79 

•1748 

::^ 

57.15 

1.87 

4419 

4374 

8.79 

8.75 

1749 

M 

CC 

CC 

59.90 

1.78 

4539 

4545 

8.70 

8.71 

1750 

"  i 

<l 

M 

CC 

62.65 

1.70 

4659 

4714 

8.62 

8.67 

I7SI 

CC 

CC 

6540 

1.63 

4778 

4881 

8.54 

8.64 

•1752 

•1753 

1754 

22X} 
(«     • 

(«    s 

4X^A 

CC 

M 

5548 

ii 

4331 

8.95 
8.85 
8.76 

8.84 
8.80 
8.76 

1755 

M 

CC 

CC 

63-73 

I.5I 

4796 

4845 

8.68 

8.72 

1756 

« 

c« 

M 

6648 

145 

4913 

5012 

8.60 

8.68 

•1757 

22Z} 

a5xA 

4X4xA 

<«4x| 

56.56 

1.52 

4580 

4461 
463s 

9.00 

8.88 

•1758 

«  JL 

M 

c« 

CC 

59-3  > 

145 

4697 

8.90 

8.84 

1759 

« 

•c 

CC 

62.06 

1.39 

4814 

4806 

8.81 

8.80 

1760 

**  \i 

CC 

M 

CC 

64.81 

1.33 

4930 

4975 

8.72 

8.76 

1761 

<t  1 

M 

CC 

CC 

67.56 

1.27 

5046 

5142 

8.64 

8.73 

•Sp 

aclng  of  ri 

vet  lines  0 

f  web  greater  than  30  X  thicki 

less  of  plate.                                     | 
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TABLE  U.—Continued. 
Properties  of  Top  Chord  Sections. 


1 

et 
sctiooa. 

r 

•    ^ 

of 
rop  Chord  S( 

1 
J 



r 

Four  Angles 

and 
Three  Plates. 

1 

Section 

Number. 

Plates. 

Angles. 

Gross  Area. 

Eccen- 
tiidty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
Uon. 

Web. 

Cover. 

Tot). 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

A 

e 

Ia 

Ib 

^A 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inr|if#- 

Inches*. 

Inchest 

Inches. 

Inches. 

32"  X  a6"  Section.    A  Series. 

♦1762 
1763 
1764 
1765 

•1766 
1767 
1768 
1769 

•1770 
1771 
177a 
1773 

♦1774 

1776 

1777 

•1778 

1779 
1780 
1781 

22x1 

(4 

« 

22X1 
<( 

(1 

« 

22X1 
« 

i 

22X^ 
«i 

«« 

«  . 

22X1 
t( 

i< 

« 

i 

V 
i 

26x| 

« 
« 

26xf 
l< 

c< 
cc 

26x| 

« 

(C 

« 

26x| 

(C 
M 
M 

26xi 

« 
(( 
<l 

3Jx3ixA 
« 

« 

3Jx3JxA 

•< 
« 

3Jx3bA 

« 

CC 

3ix3JxA 

« 

SX3W 

CC 
CC 

Sx3lxA 

CC 

Sx3.Jx| 

tt 
€t 

SX3lxH 

CC 
€€ 

Sx3.ix| 

« 

54.74 
57.49 
60.24 
62.99 

55.68 

63.93 
56.58 

64.83 

57.48 
60.23 
62.98 
65.73 

58.36 
61. II 
63.86 
66.61 

2.93 
2.80 
2.67 
2.54 
2.71 
2.59 

2.47 
2.36 

2.51 
2.40 
2.29 

2.19 

2.32 

2.21 
2.II 
2.02 

2.14 
2.04 

1.95 
1.87 

4006 
4138 
4270 
4402 

4160 

4546 
4300 
4427 

4679 
4436 

& 
4809 
•4|6o 

4927 

4681 
4901 
5116 
5326 

4804 
5024 
5239 
5449 
4923 
5x43 

lis 

5042 
5262 

l^l 

5163 
5383 
5598 
5808 

8.56 
8.48 
8.41 
8.36 

8.64 
8.57 
8.50 

8.43 

8.72 
8.64 
8.57 
8.50 

8.78 
8.70 

8.68 
8.60 

9.25 
9.23 
9.21 
9.19 

9.29 
9.27 

9.25 
9.23 

9.33 
9.31 
9.29 

9.27 

9.37 
9.35 
9-33 
9.31 

941 
9.39 
936 

9-34 

aa"  X  a6"  Section.    B  Seriet. 

•1782 

♦1783 

1784 

1785 

1786 

•1787 

♦1788 

1789 

1790 

1791 

2«J 

((  1 

C<     tl 

26xf 

« 
« 
(« 
« 

26xf 

« 
<« 

(C 
(( 

4X4xA 

If 
« 
CC 

4X4xft 

CC 

« 

6x4xi 

C< 
CC 
CC 

6x^A 

CC 
CC 
C( 

54.37 

57.12 

& 

65.37 

5549 
58.24 
60.99 

63.74 
66.49 

2.69 

246 
2.36 

2.57 
245 
2.34 
2.24 
2.IS 

4148 
4280 
4410 

4325 
4453 
4580 
4705 
4829 

4672 
4866 
5058 
5247 

4816 
5010 
5202 
5391 

8.73 
8.65 

8.57 
8.51 
8.45 
8.82 

8!66 
8.59 
8.52 

9.07 
9.04 
9.01 

i:P 

9.12 
9.09 
9.06 
9.03 
9.00 

•Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  30  X  thickness  of  plate. 
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TABLE  U.^CoiUinued. 
Properties  of  Top  Chord  Sections. 


r 

f 

1    ' 

— r 

Y 

Piopertief 
of 

4I 

.~-~. 

:~:ife* 

Four  Ancles 
and 

Top  Chord  Sections. 

c 

1  , 

Three  Plates. 

I=!     i 

1 

1 

Plates. 

Angles. 

Moments  of 
Inertia. 

RadUofGyn- 
tion. 

Gross  Area. 

Eccen- 
tricity. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

'A 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches>. 

Inches. 

Inches^. 

Inches«. 

Inches. 

Inches. 

•1792 

22xi 

26x1 

4X43tA 

6x4xf 

56.59 

2-33 

4490 

4761 

8.91 

9.17 

•1793 

"A 

<« 

«( 

(( 

59-34 

2.23 

4614 

4958 

8.82 

914 

1794 

i< 

u 

M 

« 

62.09 

2.13 

4738 

5152 

l^ 

^'^l 

X79S 

"tt 

u 

CC 

u 

64.84 

2.04 

4861 

5344 

9.08 

1796 

" 

« 

« 

u 

67.59 

1-95 

4984 

5533 

859 

9.05 

•1797 

22X» 

26x| 

43^xJir 

6x4xtt 

57-67 

2.11 

4642 

4904 

8.97 

9.22 

•1798 

^ 

(« 

« 

ii 

60.42 

2.02 

^886 

5101 

8.88 

9.19 

1799 

(( 

« 

M 

C« 

63.17 

1.93 

5295 

8.80 

9.16 

1800 

"  i 

« 

«< 

c< 

65.92 

1.85 

5007 

5487 

8.71 

9.13 

1 801 

« 

« 

« 

« 

68.67 

1.77 

5128 

5676 

8.64 

9.09 

♦1802 

*i5H 

26x| 

w^A 

6x4xf 

58.75 

1.90 

4790 

5046 

9.03 

927 

♦1803 

^ 

(( 

« 

(( 

61.50 

1.81 

49" 

5243 

8.94 

9.24 

1804 

« 

« 

« 

U 

64,25 

1-73 

5031 

5437 

8.85 

9.20 

180S 

':  ♦ 

« 

(• 

<c 

67.00 

1.66 

5150 

5629 

8.77 

9-17 

1806 

(1 

« 

« 

«< 

69.75 

1.60 

5268 

5818 

8.69 

9.13 

aa"  X  28"  Sec 

:tion. 

•1807 

22xA 

28xf 

4x43^1 

6x4xJ 

57.47 

i'77 

4326 

5601 

8.67 

9.87 

1808 

« 

C( 

(( 

C( 

60.22 

2.65 

4457 

5844 

8.60 

9.85 

1809 

::  ♦ 

•« 

« 

« 

62.97 

2-53 

4586 

6083 

8.53 

9.83 

1810 

it 

t< 

(C 

(C 

65.72 

2.42 

4714 

6320 

8.47 

9.81 

♦1811 

22xA 

aSxf 

4x4x1 

6x4xA 

58.59 

2.53 

4502 

5771 

8.76 

9.92 

1812 

«   s 

<( 

(( 

<« 

61.34 

2,42 

4630 

6014 

8.68 

9.90 

1813 

"  * 

«< 

« 

(C 

U?, 

2.31 

4756 

6253 

8.61 

9.88 

1814 

« 

« 

<« 

M 

2.22 

4881 

6490 

8.55 

9.86 

•181S 

22xA 

«8x| 

4X4xf 

6x4x1 

5969 

2.30 

4666 

5939 

8176 

9.97 

1816 

« 

<( 

« 

« 

6244 

2.20 

4791 

6182 

995 

1817 

!1  * 

•« 

« 

« 

65.19 

2.10 

4916 

6421 

8.68 

9-93 

1818 

(1 

« 

(« 

«« 

6794 

2.02 

5038 

6658 

8.61 

9.90 

♦1819 

22xA 

28x| 

4X4xf 

6x4xH 

60.77 

2.09 

4818 

6108 

8.90 

10.03 

1820 

«   1 

(« 

(( 

<• 

63.5* 

2.00 

4940 
5062 

6351 

8.82 

10.00 

1821 

<i    11 

« 

« 

M 

66.27 

1.92 

6590 

8.74 

9-97 

1822 

<c    1 

« 

« 

<« 

69.02 

1.84 

5182 

6827 

8.67 

9.95 

♦Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  3 

0  X  thicki 

less  of 

plate. 
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TABLE  U.—<:oniinued. 
Properties  of  Top  Chord  Sections. 


Propertiea 

ot 

Top  Chord  SectJona. 

? 

>ur  Angh 

and 
iree  Plat 

r 

r 

F< 

es 
es 

J 

u! 

jf 

Section 
Number. 

Plates. 

Angles. 

Gross  Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Web. 

Cover. 

Top 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

♦1823 
1824 
182c 
1826 

22xA 
((   11 
**  4. 

28x| 
(( 

4x4x1 

6Mxi 

(( 
(( 

61.85 
64.60 

67.3s 
70.10 

1.89 
I.81 

1.73 
1.67 

4966 
5086 
5206 
532s 

6275 
6518 
6757 
6994 

8.96 
8.87 

8.79 
8.72 

10.07 
10.04 
10.01 
9-99 

24"  X  27"  SecUon.    A  Series.                                                                  | 

♦1827 
1828 
1829 

♦1830 
1831 
1832 

•1833 
1834 
1835 

♦1836 
1837 
1838 

•1839 
1840 
1*841 

27x1 

tt 
tt 

tt 

« 

27xf 
tt 

3ix3 
3**3 
3Jx3 

3lx3 

Jxft 

1 

ixA 

< 
< 

ixA 

1 

JxA 

SX3.H 

Sx3JxA 
SX3M 

SxjW 

« 

60.62 
63.62 
66.62 

61.56 

67.36 
62.46 

69.36 

64.24 
67.24  ' 
70.24 

3.00 
2.86 
2.73 

2.66 
254 
2.60 
2.48 
2.37 
2.41 
2.30 
2.20 

2.23 

2.13 
2.04 

5138 
5308 
5476 
5318 

i» 

5483 
5647 
5809 

5644 
5804 
5964 
5792 
5950 
6107 

5655 
5919 
6174 

5789 
6051 
6308 

5918 
6179 
6437 
6048 

6567 
6179 

9.21 
9.13 
9.07 

9.29 
9.22 

9.15 

9.37 
9.29 
9.21 

936 
9.28 

9.49 
9.40 
9.32 

9.66 
9.64 
9.62 

9.68 
9.66 

9.74 
9.72 
9.70 

9-77 
9-75 
9-73 
9.81 
9-79 
9.77 

2a"  X  21"  SecUon.    B  Series.                                                                  | 

♦1842 

•1843 

1844 

1845 

♦1846 

*i847 
1848 
•1849 

♦1850 

•1851 

1852 

1853 

« 
tt 

tt 

« 
27-^1 

(( 
tt 

4x^A 

(( 
« 

4X^A 

(« 
4x^A 

(( 

tt 

« 

6x^A 

(t 

« 

60.00 
63.00 
66.00 
69.00 

61.12 
64.12 
67.12 
70.12 

62.22 
65.22 
68.22 
71.22 

2.92 

2.78 
2.65 
2.54 
2.66 
^54 
2.43 
2.32 

2.43 
2.32 
2.22 

2X2 

5296 

1$ 

5797 
5506 
5670 
5832 
5994 

5863 

6022 
6I8I 

sy72 
5610 

5844 
6075 

5529 
5767 
6001 
6232 

5684 

6387 

9.39 
9.31 
9.24 
9.17 

9-49 
9.40 
9.32 
9.25 

9-57 
9.48 
9.40 
9.32 

9.46 
9.43 
9.41 
9.39 

9.5t 
9.49 
9.46 

9-43 

9.56 

953 
9.50 

9-47 

♦Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  30  X  thickness  of  plate. 
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TABLE  M.^CotUinued. 
Properties  of  Top  Chord  Sections. 


Properties 

of 

Top  Chord  Sectknu. 


Four  Angiet 

and 
Three  Plates. 


Sectkm 
Number. 


Plates. 


Web. 


Inches. 


Cover. 


Angles. 


Top. 


Inches. 


Bottom. 


Inches. 


Gross  Ai'ea. 


Inchei>. 


Ecccn- 
tiidty. 


Inches. 


Moments  of 
Inertia. 


Axis 
A-A. 


Inches«. 


Axis 
B-B. 


Inches^. 


Radii  of  Gyra- 
tion. 


Ass 
A-A. 


ta 


Indies. 


Axis 
B-B. 


Inches. 


:i8S4 

•1855 

1856 

1857 

•1858 

*i859 
i860 
1861 


24xV 


24Xf 


27x| 


27xf 


4X4fA 


43^xA 


6x4xH 


6x4xi 


63.30 
66.30 
69.30 
72.30 

64.38 
67.38 
70.38 
73-38 


2.21 
2.11 
2.02 
1.93 

1.99 
1.90 
1.82 

175 


5883 
6040 
6197 
6353 
6061 
6217 
6371 


5840 
6078 
6312 
6543 

5994 

6232 
6466 
6697 


9.64 

946 
9.38 

9.71 
9.61 
9.52 
9-43 


9.61 
9.58 
9-55 
9.51 
9.66 
9.62 
9.59 
956 


34'' X  38'' Section.    ASerin. 


•1862 
1863 
1864 

•1865 
1866 
1867 

♦1868 
1869 
1870 

•1871 
1872 
1873 

•1874 
1875 
1876 


24X1 

"1 

28xf 

jJxjIxA 

Sx3|xi 

«  7 

(« 

(C 

M 

24x1 

»8x| 

Sjxjixft 

SxjJxA 

«    ' 

M 

M 

M 

^K 

28x| 
<• 

3ix3JxA 

Sx3.Jxf 

«  « 

M 

« 

M 

% 

rfxl 

jixsJxA 

5'3iixH 

(i  ' 

M 

tt 

M 

"^l* 

28x1 
(« 

jlxjJxA 

Sxjixl 

«  ' 

M 

l< 

<c 

61.24 

64.24 
67.24 

62.18 
65.18 
68.18 

63.08 
66.08 
69.08 

63.98 
66.98 
69.98 

64.86 
67.86 
70.86 


3.10 
2.96 
2.82 

2.89 

2.76 

2.63 

2.70 

2.57 

2.46 

2.50 
2.39 
2.29 

2.32 

2.22 
!X.I3 


SI90 
5361 

5531 

5372 
5539 
5707 

5540 
5706 
5869 

5705 
5866 
6027 

5855 
6014 
6172 


6232 
6521 
6808 

^77 
6666 

6953 
6518 
6807 
7094 

6659 
6948 
7235 

6791 
7080 

7367 


9.21- 

9.14 
9.07 

9.29 
9.22 
9.15 

9-37 
9.29 
9.22 

9.44 
9.36 
9.28 

9.50 
94» 
9-34 


10.09 
10.07 
10.06 

10.13 
10. 1 1 
10.10 

10.17 
10.15 
10.13 

10.20 
10.18 
10.17 

10.23 
10.21 
10.19 


24''  X  2$*^  Section.    B  Serin. 


♦1877 

♦1878 

1879 

1880 


*4xA 

28x| 

4X43tA 

6x4x1 

60.62 

3.01 

535a 

5930 

9.39 

« 

63.62 

2.87 

5522 

6195 

9.31 

"    i 

«< 

•• 

«< 

66.62 

2.74 

5690 

6457 

9.24 

*«     ; 

M 

«« 

i« 

69.62 

2.62 

5855 

6715 

9.17 

9.89 
9.87 
9.84 

9.82 


*  spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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*     TABLE  %\,— Continued. 
Propbrtibs  of  Top  Chord  Sections. 


f 

r"=^ 

T 

T 

1 

Propertiefl 

of 

Top  Chord  Scctiom. 

4L.._ 

4-- 

3^ 

ITU 

4 

Four  Angles 

and 
Three  Plates. 

,s  / 

l! 

• 

i 

Section 
Number. 

Plates. 

Angles. 

Grmb  Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

AxU 
A-A. 

Axis 
B-B. 

A 

e 

Ia 

Ib 

rx 

TB 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inchest 

Inches. 

Inches. 

•1881 

•1882 

1883 

1884 

28xf 

« 

u 

4X4fA 

cc 

6x^A 

M 

61.74 
64.74 
67.74 
70.74 

2.76 
2.63 
2.52 
241 

5563 
5729 

IS 

6100 

6627 
6885 

9.49 
9.41 
9.33 
9.25 

9.94 
9.92 

9.86 

iiii 

28x| 

M 
M 

4^A 

CC 

c< 

62.84 

71.84 

*.S3 
241 
2.30 
2.21 

5762 
6244 

6268 
6533 
6795 
7053 

9.58 

9-49 
9.40 
9.32 

9-99 
9.96 

9-93 
9.91 

•1889 

•1890 

1 891 

l89» 

,8,1 

M 
M 

4X4fA 

M 
Ci 

6x^H 

CC 

cc 

69.92 
72.92 

2.30 
2.20 
2.11 
2.02 

6263 
6420 

6437 
6702 
6964 
7222 

9.65 
9.55 
9-47 
9.39 

10.03 

10.00 

9.98 

9.95 

•1893 
•1894 

« 
« 

4X4fA 

C( 
(( 

« 

65.00 
68.00 
71.00 
74.00 

2.09 
2.00 

1.83 

6126 
6283 
6439 
659f 

6604 
6869 
713I 

7389 

9.71 
9.61 

9.5a 
9.44 

10.08 
10.05 
10.03 
10.00 

24"  X  30"  Section.                                                                            | 

•1897 
1898 

1899 

r^ 

3C«;tt 

•cc 

71.85 

3.22 
3.08 
2.95 

5747 
5921 
6093 

7465 
7785 
8103 

9-35 
9.28 
9.21 

10.65 
10.63 
10.62 

•1900 
1901 
1902 

T|» 

50XH 

6x^A 

CC 

66.97 
69.97 
7*97 

2.99 

2.86 
2.74 

6304 

7663 

7983 
8301 

9.36 
9.29 

10.70 
10.68 
10.66 

♦1903 

1904 
1905 

T|» 

3«H 

CC 

68.07 
71.07 
74.07 

2.76 
2.65 
2.54 

6173 
6339 
6504 

7859 
8179 
8497 

9.52 
944 
9-37 

10.74 
10.72 
10.71 

*i9o6 
1907 
1908 

Tj* 

«C 

69.15 
72.15 
75.15 

2.56 
2.35 

6526 
6687 

8056 
8376 
8694 

9.59 
951 
9.43 

10.79 
10.77 
10.75 

♦1909 
1910 
191 1 

^f 

3<«H 

6x4x1 

<C 

70,23 

73.23 
76.23 

2.3s 
2.25 
2.17 

6552 
6712 
6871 

8250 
8570 
8888 

9.67 
9.58 
9.49 

10.84 
10.82 
10.80 

•Sp 

adng  of  rivet  lines  0 

f  web  greater  than  30  X  thkki 

less  of  plate. 
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TABLE  85, 
Properties  of  Top  Chord  Sections. 


ri\ 

'    '       " 

If 

3 

Properties 
of 

4j_.._ 
4"- 

i 





Six  Angles 
and 

Top  Chord  Sections. 

Three  Phites. 

i^L 

J 

ul 

jj 

Section 

Plates. 

Angles. 

Gross 
Area. 

tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Axis 

Axis 

Axis 

Axis 

Num- 
ber. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

Outside. 

Inside. 

A 

« 

Ia 

Ib 

U 

^B 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inches*. 

Inches. 

Inches. 

It"  X  2&'  Sectioa.    A  Series.                                                                    | 

♦2001 

l6xi 

20xJir 

3lx3ixf 

3ixjix| 

jJxjW 

35.63 

1.04 

1553 

1480 

6.60 

644 

2002 

(C     1 

« 

« 

37.63 

0.98 

1597 

155I 

6.51 

641 

2003 

<l 

<{ 

CC 

CC 

39.63 

0.93 

1642 

162 1 

^1*6 

6.38 

2004 

(1    • 

« 

M 

CC 

CC 

41.63 

0.89 

1686 

1689 

6.36 

200S 

<l 

(« 

« 

CC 

M 

43.63 

0.85 

1730 

1756 

6.30 

6.34 

2006 

"  i 

« 

« 

CC 

CC 

45.63 

0.81 

1774 

182I 

6.24 

6.31 

2007 

(( 

« 

CC 

CC 

CC 

47.63 

0.78 

1818 

.1887 

6.18 

6.29 

♦2008 

i6xi 

20xA 

jJx^W 

3Jx;^JxA 

jixjJxA 

37.19 

0.72 

1633 

1547 

6.63 

644 

2009 

« 

39-19 

0.69 

1677 

1617 

6.54 
6.46 

6-p 

2010 

(( 

« 

t€ 

CC 

41.19 

0.66 

1720 

1686 

640 

201 1 

((   t 

(( 

« 

l€ 

CC 

43-19 

0.63 

1763 

1754 

6.39 

6.37 

2012 

•< 

« 

iC 

U 

CC 

45.19 

0.60 

1807 

182I 

6.32 

6.34 

2013 

::  * 

« 

c« 

U 

CC 

47.19 

0.57 

1850 

1886 

6.26 

6.3Z 

2014 

(( 

(( 

« 

CC 

CC 

49.19 

0.55 

1894 

195 1 

6,20 

6.30 

*20l3' 

i6x} 

20XA 

3b?W 

3ix2JxJ 

3|x-,W 

38.71 

042 

1729 

1612 

6.68 

644 

2016 

"t 

u 

40.71 

041 

1772 

1682 

6.60 

6-p 

2017 

« 

(( 

CC 

tt 

42.71 

0.39 

1815 

175I 

6.52 

6.39 

2018 

'!A 

« 

c< 

CC 

i* 

46.71 

0.38 

1858 

1819 

644 

6.37 

2019 

« 

(( 

C( 

CC 

CC 

0.36 

1901 

1885 

6.38 

6.34 

2020 
2021 

•T 

CC 
CC 

CC 
CC 

CC 

48.71 
50.71 

0.34 
0.33 

1944 
1987 

1949 
2014 

6.32 
6.26 

6.32 
6.29 

♦2022 

i6x| 

20XA 

3Jxp,|x| 

3ix3§xA 

3lx3ixA 

40.19 

0.16 

1803 

1675 

6.70 

6-45 

2023 

■t 

«« 

CC 

(C 

42.19 

0.16 

1845 

1745 

6.61 

6.42 

2024 

•• 

CC 

CC 

CC 

44-19 
46.19 

0.15 

1888 

1813 

6.53 

6.39 

2025 

"i^ 

« 

c< 

t* 

€t 

0.14 

193 1 

1880 

646 

6.37 

2026 

(1 

« 

CC 

tl 

CC 

48.19 

0.13 

1973 

1946 

640 

6.35 

2027 

:!  * 

<« 

•€ 

CC 

CC 

50.19 

0.12 

2016 

2010 

6.34 

6.32 

2028 

<( 

« 

€1 

c< 

CC 

52.19 

0.12 

2059 

2074 

6.28 

6.29 

♦2029 

i6x| 

20XA 

Jjxjjxf 

3ix2Jx| 

3ix;,W 

41.63 

-.08 

1870 

1738 

6.70 

6.46 

2030 

"P 

« 

C< 

43.63 

-,08 

1913 

1807 

6.62 

6-M 

2031 

"♦. 

(( 

CC 

CC 

CC 

45.63 

-.07 

1956 

1874 

6.54 

6^1 

2032 

^ 

<« 

CC 

c< 

CC 

47.63 

-.07 

1998 

1941 

647 

6.38 

2033 

« 

« 

CC 

CC 

c< 

49.63 

-.07 

2041 

2007 

641 

6.36 

2034 

"  i 

<« 

CC 

CC 

€t 

51-63 

-.07 

2126 

2070 

6.35 

6.34 

2035 

«      , 

« 

CC 

CC 

CC 

53.63 

-,06 

2134 

6.30 

6.32 

< 

Spacing  of  rivet 

lines  of  w 

eb  greater  than  30  X  thick] 

nessof 

pUtc,                                     1 
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TABLE  %S,— Continued. 
Propbrhes  of  Top  Chord  Sections. 


t 

l"!" 

nF 

3 

of 

<*, — 

.:=: 

-^            ^^ 

Top  Chofd  Sections. 

4       ■ 

1                           Three  Plates. 

. 

Section 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radtt  of  Gyra- 
tion. 

Axis 

Axis 

Axis 

Axis 

Num- 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Top. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

rn 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inche«>. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

16"  Xao"  Section.    B  Series.                                                                       | 

•2036 

l6xi 

20xA 

3ix3|x| 

5X3ix| 

3lxjW 

36.77 

0.77 

1640 

1606 

6.67 

6.61 

2037 

(( 

« 

cc 

38.77 

0.73 

1684 

1677 

6.59 

6.58 

2038 

(1 

« 

cc 

** 

40.77 

0.70 

1727 

1747 

6.51 

6.55 

2039 

A 

t( 

« 

•  cc 

H 

42.77 

0.67 

1771 

1815 

6.43 

6.52 

2040 

c« 

(( 

(« 

cc 

CC 

44.77 

0.64 

1814 

1882 

6.36 

6.48 

2041 

"  i 

t( 

(« 

cc 

u 

46.77 

0.61 

1858 

1947 

6.30 

645 

2042 

cc 

(« 

<( 

cc 

cc 

4877 

0.58 

1902 

2013 

6.24 

6.42 

♦2043 

i6xi 

20XA 

jixjjxf 

5x3ixA 

3ix3JxA 

38.51 

0.43 

1725 

1695 

6.69 

6.63 

2044 

■■t 

« 

« 

(( 

cc 

40.51 

0.42 

1768 

1765 

6.60 

6.60 

2045 

« 

« 

cc 

n 

42.51 

0.40 

1810 

1834 

6.52 

6.57 

2046 

**  A" 

« 

« 

cc 

u 

46.51 

0.38 

1854 

1902 

6.45 

6.54 

2047 

«  1 

« 

« 

u 

cc 

0.36 

1897 

1970 

6.39 

6.51 

2048 

((  11 

« 

C( 

cc 

cc 

48.51 

0.34 

1940 

2034 

6.32 

6.48 

2049 

f*  1 

(C 

<c 

cc 

cc 

50.51 

0.33 

1982 

2099 

6.26 

6.45 

♦2050 

i6xi 

20XA 

3ix2ix| 

SX3W 

3Jx2ixi 

40.21 

0.12 

1826 

1781 

6.74 

6.65 

2051 

::f 

« 

cc 

42.21 

0.12 

1868 

1852 

6.65 

6.62 

2052 

« 

l< 

cc 

CC 

46.21 

O.I  I 

1911 

1920 

6.57 

6.58 

2053 

"^ 

« 

« 

cc 

cc 

O.II 

1954 
1996 

1988 

6.50 

6.55 

2054 

« 

(1 

« 

cc 

cc 

48.21 

O.II 

2054 

6.43 

6.52 

205s 

"  i 

« 

« 

cc 

*t 

50.21 

O.IO 

2039 

2119 

6.37 

6.49 

2056 

<« 

« 

(« 

il 

cc 

52.21 

O.IO 

2082 

2183 

6.31 

6.46 

♦2057 

i6x| 

20XA 

3ixjJx| 

s^^M€ 

3ix3ixA 

41.89 

-.15 

1903 

1866 

6.75 

6.67 

2058 

"f 

It 

cc 

CC 

43.89 

-•14 

1946 

1936 

6.66 

6.64 

2059 

(( 

<C 

cc 

cc 

45.89 

-.14 

1988 

2004 

6.58 

6.61 

2060 

"f 

(« 

« 

cc 

cc 

47.89 

-.13 

2031 

2071 

6.51 

6.58 

2061 

it 

CC 

cc 

cc 

49.89 

-•13 

2074 

2137 

6.45 

6.55 

2062 

::f 

<c 

« 

cc 

cc 

51.89 

—  .12 

2I15 

2201 

6.39 

6.52 

2063 

<( 

cc 

cc 

cc 

53.89 

—  .12 

2158 

2265 

6.32 

6.48 

♦70<^4 

i6x| 

20XA 

3lxjix| 

Sx3ixf 

3ixj|x| 

43.51 

-.41 

1978 

I95I 

6.74 

6.70 

206c 

"f 

«« 

cc 

45.51 

-•39 

2021 

2020 

6.65 

6.66 

2066 

c« 

CC 

cc 

u 

47.51 

-.37 

2063 

2087 

6.58 

6.63 

2067 

i^ 

<• 

cc 

tt 

cc 

4951 

-.36 

2107 

2154 

6.52 

6.60 

2068 

« 

cc 

cc 

u 

cc 

51-51 

—.34 

2150 

2220 

6.46 

6.57 

2069 

::  * 

•< 

cc 

cc 

cc 

53.51 

-,33 

2192 

2283 

6.40 

6.53 

2070 

« 

« 

cc 

u 

cc 

55.51 

-.32 

2235 

2347 

6.34 

6.50 

*  Spacing  of  rivet 

lines  of  w 

eb  greater  than  30  X  thickness  of  plate.                                       | 
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TABLE  SS.—CanUnued. 
Pkoperties  op  Top  Chord  Sections. 


7 

Til 

r 

PropertiM 
of 

4|_:._ 

•-•— 

M 

SizAnrIa 

1 

Top  Chord  Sections. 

J" 

Three  Plates. 

i—f 

L 

J 

it 

' 

i 

PlafM. 

Angles. 

MomenUof 

RadU  of  Gyra- 

Gross 

Ecoen- 

Inertia. 

tion. 

Section 

Area. 

tricfty. 

Axis 

Ajds 

Axis 

Axis 

Num- 
btr. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

'A 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

16"  X  aa"  Section.                                                                               | 

•2071 

I6x| 

22xi 

3ixjix| 

SX3W 

SJxjJxl 

39.02 

I.2I 

1761 

2163 

6.72 

745 

2072 

**  A 

« 

iC 

41.02 

I.15 

1807 

2259 

6.64 
6.56 

7.42 

2073 

C(     1 

(C 

i< 

c< 

i< 

43.P2 

I.IO 

1851 

*354 

740 

2074 

u     • 

(C 

<i 

C( 

« 

45.02 

1.05 

1897 

2448 

649 

7.37 

2075 

•n 

(i 

« 

<i 

« 

47.02 

1.00 

1942 

2540 

6.43 

7.35 

2076 

::** 

« 

<C 

Ci 

« 

49.02 

0.96 

1988 

2630 

6.37 

7.33 

2077 

1 

(i 

i< 

c< 

M 

51.02 

0.92 

2031 

2718 

6.31 

7.30 

•2078 

i6x| 

22xi 

jixpW 

SxjJxA 

3}x3}xA 

40.76 

0.86 

1873 

2276 

6.78 

747 

2079 

**  A 

« 

(C 

C< 

42.76 

0.82 

1917 

2372 

6.70 

7-45 

2080 

«  1 

« 

Ci 

M 

u 

1^$ 

0.78 

i960 

2467 

6.62 

743 

2081 

<«    • 

« 

tt 

« 

u 

0.75 

2005 

2560 

6.55 

740 

2082 

<c 

c< 

« 

« 

u 

48.76 

0.72 

2049 

2652 

648 

7.38 

2083 

!!tt 

c< 

(( 

« 

<( 

S0.76 

0.69 

2093 

2741 

642 

7.35 

2084 

1 

« 

<i 

« 

« 

52.76 

0.67 

2136 

2828 

6.36 

7.32 

•2085 

i6z| 

22XJ 

« 

SxjJxi 

Jjxpjxj 

42.46 

0.56 

1970 

2388 

6.81 

7.50 

2086 
2087 

"ij 

<( 

4C 

4< 

t^t 

0.53 
0.51 

2013 
2056 

2483 
2577 

6.73 
6.65 

747 
745 

2088 

"f 

« 

cc 

<( 

M 

48.46 

0.49 

2099 

2670 

6.59 

7.42 

2089 

« 

« 

i< 

M 

50.46 

0.47 

2142 

2761 

6.52 

740 

2090 

"r 

C< 

c< 

« 

M 

52.46 

0.45 

2186 

2850 

6.45 

7-37 

2091 

M 

« 

« 

tf 

54-46 

043 

2229 

^937 

6.40 

7.35 

•2092 
2093 

n 

22XJ 

Jixjixf 

SxjJxA 

jJxjJxA 

46.14 

0.27 
0.26 

2060 
2103 

2498 
2593 

6.83 
6.75 

7.52 
7.50 

2094 

"* 

(4 

« 

« 

M 

48.14 

0.25 

2145 

2687 

6.68 

747 

209s 

::f 

« 

« 

M 

«« 

50.14 

0.24 

2188 

2779 

6.61 

744 

20q6 

<i 

« 

«4 

M 

52.14 

0.23 

2231 

2869 

6.54 

742 

2097 

::f 

M 

M 

M 

M 

54.14 

0.22 

2274 

2957 

648 

7.39 

2098 

« 

« 

M 

M 

56.14 

0.22 

2316 

3<H3 

64a 

7.36 

•2099 

i6x| 

22xi 

Jjx^jxl 

Sxjjxl 

3Jx?W 

45.76 

0.02 

2139 

2605 

6.84 
6.76 

7.55 

2100 

iC      T 

(( 

M 

47.76 

0.02 

2182 

2699 

7.52 

2<OI 

« 

C< 

<« 

« 

49.76 

0.02 

2224 

2792 

6.69 

7.49 

2102 

(C      • 

4< 

C4 

« 

(4 

51.76 

0.02 

2267 

2883 

6.62 

7.46 

2103 

l< 

M 

t< 

iC 

« 

53.76 

0.02 

2310 

2973 

6.56 

7.44 

2104 

«    * 

M 

M 

«« 

<4 

55.76 

0.02 

*353 

3061 

6.50 

741 

2105 

« 

C< 

M 

<C 

•( 

57.76 

0.02 

2395 

3147 

^^ 

7.38 

•Spacing 

'of  rivet 

lines  of  w 

eb  greater  than  30  X  thicki 

less  of 

plate. 
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TABLE  SS.—Continued, 
Properties  of  Top  Chord  Sections. 


f 

, 

1-^ 

r 

1 

Pxopertiei 
of 

4, 

4 

t~ 

■=¥ 

Six  Angles 
and 

Top  Chord  Sections. 

V 

Three  Plates. 

.^L   Jul 
i 

Plates. 

Angles. 

Gross 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Section 

Area. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Num- 
ber. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

rx 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches«. 

Inches. 

Inches. 

♦2106 

l6z| 

22xi 

3ix3ix| 

sxsixtt 

3ix3Jxii 

47.38 

—  .21 

2212 

2712 

6.83 

7.56 

2107 

II       T 
«     1 

i< 

t( 

<( 

44 

49.38 

—  .20 

2255 

2806 

6.76 

7.54 

2108 

cc 

« 

4( 

44 

51.38 

-.19 

2297 

2899 

6.69 

7.51 

2109 

Ci 

« 

C< 

44 

53.38 

-.18 

2340 

2989 

6.62 

7.48 

2IIO 

C( 

c< 

« 

4< 

55.38 

-.18 

2383 

3078 

6.56 

7.45 

2III 

::j* 

<4 

« 

« 

44 

57.38 

-.17 

2426 

3165 

6.50 

7.43 

2II2 

(C 

l( 

C< 

4< 

59.38 

-.16 

2468 

3251 

6.45 

7.40 

•2II3 

'.I'i 

22xi 

SJxjJxl 

SX3H 

3Jx?.ixi 

48.96 

-.41 

2275 

2817 

6.83 

7.59 

2II4 

T^ 

It 

l( 

50.96 

-.40 

2318 

2910 

6.74 

7.56 

2II5 

"J 

M 

4< 

44 

52.96 

-.38 

2360 

3002 

6.67 

7.53 

2I16 

"t 

« 

44 

M 

'^ 

-.37 

2404 

3092 

6.61 

7.50 

2II7 

« 

44 

44 

-.35 

24*7 

3181 

6.55 

7.47 

2II8 

!!** 

« 

44 

44 

58.96 

-.34 

2492 

3268 

6.50 

7.44 

2II9 

1 

<( 

4< 

44 

60.96 

-.33 

2532 

3353 

6.44 

7.41 

18"  X  »"  Section.    A  Series.                                                                     | 

♦2120 

I8x| 

2«J 

3Jxjix| 

(4 

Jjx-jixf 

44 

3ix3ix| 

39.38 

1.58 

2177 

2086 

7-43 

7.28 

•2121 
2122 

«f 

« 
tt 

14 
44 

41.63 
43.88 

X.49 
I.41 

2243 
2309 

2196 
2304 

7.34 
7.25 

7.26 
7.24 

2123 
2124 

"t 

tt 

« 
« 

44 
44 

44 
44 

48.38 

\lt 

2374 
2439 

2410 
2514 

7.17 
7.10 

7.23 
7.21 

2125 

"f 

«c 

4C 

44 

44 

50.63 

1.23 

2503 

2616 

7.03 

7.19 

2126 

(i 

C< 

4< 

44 

52.88 

I.17 

2566 

2716 

6.96 

7.16 

•2127 

iSxf 

22xi 

aJx^jxi 

3Jx3jxA 

3Jx3ixA 

40.94 

1.22 

2310 

2176 

7.51 

7.29 

•2128 
2129 
2130 

<c   i 
««   JL 

« 

«c 

44 
44 
44 

44 
44 
44 

43.19 
47.69 

I.16 
1. 10 
1.05 

2374 
2437 
2500 

2285 
2393 
2500 

7.41 
7.32 
7.24 

7.28 
7.26 
7.24 

213I 

i< 

(( 

fi 

M 

44 

49.94 

1.00 

2564 

2604 

7.17 

7.22 

2132 

"  i 

« 

<( 

44 

44 

52.19 

0.96 

2627 

2703 

7.10 

7.20 

2133 

•€ 

<c 

M 

.     « 

4« 

54.44 

0.92 

2689 

2802 

7.03 

7.18 

♦2134 

l8z| 

«2XJ 

3i'?W 

SJxjJxi 

3JX2W 

42.46 

0.90 

2428 

2259 

7.56 

7.29 

♦213s 

"^ 

<( 

44 

•& 

0.85 

2491 

2368 

7.46 

7.28 

2136 

"t 

« 

« 

44 

0.81 

2553 

2475 

7.37 

7.26 

2137 

::f 

« 

« 

44 

49.21 

0.77 

2616 

2581 

7.29 

7.24 

2138 

« 

(C 

44 

51.46 

0.74 

2678 

2683 

7.21 

7.22 

2139 

"I* 

« 

« 

44 

53.71 

0.71 

2740 

2784 

7.14 

7.20 

2140 

« 

« 

44 

55.96 

0.68 

2801 

2883 

7.08 

7.18 

* 

Spacing 

'  of  rivet 

lines  of  w 

eb  greater  than  30  X  thicki 

less  of 

plate. 
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TABLE  %S,— Continued. 
Properties  of  Top  Chord  Sections. 


t 

l"^ 

— 1 

^ 

Properties 

4}-..- 

A                        SixAnslef 

Top  Chord  Sections. 

<t 

*  "                        Thielpiates. 

i_jL 

^ul 

ji 

Plates. 

Angles. 

Gross 

Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

RadUof  Gyn- 
tion. 

Ajds 

Axis 

Axis 

Axis 

Num- 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Top. 

Outside. 

Inside. 

A 

e 

Ia 

Ib    . 

•"A 

rs 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches'. 

Inches. 

IndKS. 

♦2141 

l8x| 

22x| 

Jlxpixl 

3ix3ixA 

3ix3Jxft 

43-94 

0.60 

2538 

2345 

7.60 

7.30 

•2142 

'i 

it 

it 

CC 

46.19 

0.57 

2600 

2454 

7.51 

7.29 

2143 

tt 

It 

tt 

CC 

48.44 

0.55 

2660 

2559 

742 

7.27 

2144 

f* 

u 

tt 

tt 

u 

50.69 

0.52 

2722 

2665 

7.34 

7.25 

2145 

<( 

tt 

C( 

tt 

u 

52.94 

0.50 

2785 

2765 

7.26 

7.23 

2146 

"H 

(C 

U 

it 

tt 

5519 

048 

2845 

2866 

7.18 

7.21 

2147 

«      . 

<c 

tt 

i< 

u 

5744 

0.46 

2906 

2966 

7.II 

7-19 

•2148 

I8x| 

22xi 

3^Jx| 

3ix2ixi 

3ix;W 

45.38 

0.34 

2636 

2426 

7.62 

7.31 

♦2149 

■t 

(( 

47.63 

0.32 

2697 

2535 

7.53 

7.29 

2150 

<i 

(C 

CC 

tt 

49.88 

0.31 

2757 

2640 

7.44 

7.27 

2151 

A 

ti 

<4 

CC 

u 

52.13 

0.30 

2818 

2744 

7.35 

7.25 

2152 

u 

tt 

M 

u 

CC 

54.38 

0.29 

2879 

2846 

7.27 

7.23 

2153 

"  * 

tt 

« 

It 

M 

56.63 

0.37 

2940 

2947 

7.20 

7.21 

2154 

(( 

tt 

CC 

« 

M 

.58.88 

0.36 

3001 

3044 

7.14 

7.19 

•2155 

i8x| 

22X} 

3lxpW 

3ix3ixH 

3ix3JxH 

46.82 

0.12 

2722 

2506 

7.63 

7.32 

•2156 

(4       T 
«    i 

(( 

CC 

49.07 

O.II 

2783 

2613 

7.53 

7.30 

2157 

tt 

i< 

ti 

U 

51.32 

O.II 

2843 

2719 

m 

7.28 

2158 

«      • 

It 

C< 

tt 

CC 

53.57 

O.IO 

2904 

2824 

7.26 

2159 

(C 

tt 

c< 

tt 

CC 

55.82 

O.IO 

2965 

2924 

7.29 

7.24 

2160 

"    i 

tt 

c< 

tt 

M 

58.07 

0.09 

3025 

3024 

7.22 

7.22 

2161 

U 

tt 

« 

u 

CC 

60.32 

0.09 

3086 

3122 

7.15 

7.20 

•2162 

i8x| 

MXJ 

3JxjJx| 

3ix3W 

3lx;W 

48.22 

—.11 

2802 

2585 

7.62 

7.32 

•2163 

■t 

tt 

tt 

50.47 

—.11 

2863 

2693 

7.53 

7.30 

2164 

i< 

i< 

c< 

CC 

52.72 

—  .10 

2923 

2797 

i» 

7.28 

2165 

"A 

if 

u 

CC 

M 

54-97 

—.10 

2984 

2902 

7.26 

2166 

1, 

« 

i< 

CC 

CC 

57.22 

—.10 

3045 

3001 

7.29 

7.24 

2167 

f* 

l< 

« 

tt 

CC 

5947 

-.09 

3105 

3101 

7.22 

7.22 

2168 

"1 

<l 

4C 

tt 

CC 

61.72 

-.09 

3166 

3198 

7.16 

7.20 

18"  X  33^  Section.    B  Series.                                                                    | 

•2169 

l8xi 

*2XJ 

3ixpW 

Sx3.Jxl 

3Jx2Jxf 

40.52 

1.29 

2297 

2241 

7.53 

744 

•2170 

:t 

CC 

42.77 

1.22 

2361 

2351 

743 

742 

2171 

** 

« 

CC 

CC 

45.02 

I.16 

2426 

7.34 

7.39 

2172 

;;  A 

CI 

<C 

tt 

CC 

47.27 

I.IO 

2489 

2566 

7.26 

7.37 

2173 

tt 

«« 

tt 

tt 

49.52 

1.05 

2552 
2615 

2669 

7.18 

7.34 

2174 

::j» 

" 

<c 

CC 

tt 

51.77 

1. 01 

2772 

7.11 

7.32 

2175 

4( 

<c 

CC 

tt 

54X>2      0.97 

2678 

2872 

7.04 

7.29 

• 

Spacing 

of  rivet 

lines  of  wi 

*b  greater  than  30  X  thickness  of  plate. 
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TABLE  SS.—CanUnued. 
Properties  of  Top  Chord  Sections. 


t 

r 

4^ 



L.     1      .14 

SizAntfes 

of 

...-_ 

1 1  _ 

and 

Top  Chord  Sections. 

< 

Three  Plates. 

i 

Section 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Bottom. 

Axis 

Axis 

Axis 

Axis 

Num 
ber. 

Web. 

Cover. 

Top. 

A-A. 

B-B. 

A-A. 

B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

"•a 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches«. 

Inches. 

Inches. 

•2176 

I8z| 

22xJ 

3ix2ix| 

S^3JxA 

3ix3JxA 

42.26 

0.90 

2437 

2357 

7.60 

7.47 

♦2177 

■t 

(( 

4( 

44 

^.^ 

0.86 

2500 

2467 

7.50 

7-44 

2178 

(( 

44 

44 

44 

0.82 

2563 

2574 

7.41 

7.42 

2179 

^ 

c< 

44 

4< 

44 

49.01 

0.78 

2624 

2681 

7.33 

7.39 

2180 

<4 

tt 

44 

44 

4C 

51.26 

0.75 

2684 

2783 

7.25 

7.37 

2181 

"H 

tt 

44 

44 

<C 

53.51 

0.72 

2746 

2885 

7-17 

7.34 

2182 

tt 

tt 

44 

44 

4i 

55.76 

0.69 

2810 

2985 

7.10 

7.31 

♦2183 

l8z} 

2JXJ 

Jixjlxl 

SX3JxJ 

3Jx?.JxJ 

43.96 

0.57 

2563 

2466 

7.64 

7.49 

♦2184 

"A 

t( 

44 

46.21 

0.55 

2623 

2575 

7.54 

7.47 

2185 

*. 

c< 

44 

44 

44 

48.46 

0.52 

2685 

2682 

7.45 

7.44 

2186 

A 

tt 

44 

44 

44 

50.71 

0.50 

2745 

2788 

7.36 

7.41 

2187 

(4 

tt 

44 

44 

44 

52.96 

0.48 

2807 

2890 

7.28 

7.39 

2188 

"H 

tt 

44 

4< 

44 

55.21 

0.46 

2868 

2991 

7.21 

7.36 

2189 

tt   a 

tt 

44 

(4 

C< 

57.46 

0.44 

2930 

3090 

7.14 

7.34 

•2190 

I8zi 

aixj 

Jjxjjxf 

Sx3bA 

3ix3ixA 

45.64 

0.26 

2680 

2578 

7.66 

7.52 

♦2191 

"t 

14 

(4 

44 

47.89 

0.25 

2741 

2687 

7.56 

7.49 

2192 

tt 

44 

tt 

44 

50.14 

0.24 

2801 

2792 

7.47 

7.46 

2193 

"A 

tt 

44 

tt 

tt 

52.39 

0.23 

2862 

2898 

7.39 

7.44 

2194 

ft 

tt 

44 

tt 

tt 

54.64 

0.22 

2923 

2998 

7.31 

7-41 

2195 

"H 

tt 

44 

« 

tt 

56.89 

0.21 

2984 

3101 

724 

7.38 

2196 

tt 

tt 

44 

44 

tt 

59.14 

0.20 

3045 

3199 

7.18 

7.36 

*2I97 

i8x| 

MXJ 

aix^jxi 

Sxjixf 

3JxjJx| 

47.26 

—  .02 

2782 

2685 

7.67 

7.54 

♦2198 

■t 

<4 

44 

49.51 

—  .02 

2843 

2794 

7.57 

7.51 

2199 

C< 

4C 

4C 

4C 

51.76 

—  .02 

2904 

2899 

7.48 

7^8 

2200 

^ 

« 

44 

44 

« 

^sH 

—  .01 

2964 

3003 

7.40 

7.46 

2201 

tt 

tt 

44 

44 

tt 

—  .01 

3025 

3105 

7.33 

743 

2202 

"  * 

tt 

44 

44 

tt 

58.51 

—  .01 

3086 

3206 

7.26 

7.40 

2203 

"  J 

tt 

44 

44 

tt 

60.76 

—  .01 

3146 

3303 

7.20 

7.37 

♦2204 

l8xf 

22X} 

3JxjJx| 

SX3JxH 

3Jx3|xH 

48.88 

-.27 

2875 

2791 

7.67 

7.5^ 

•2205 

't 

44 

44 

44 

51.13 

-.26 

2937 

^898 

7.57 

7.53 

2206 

41 

4< 

44 

4< 

53.38 

-.25 

2998 

3004 

7.48 

7.50 

2207 

::^ 

(4 

44 

44 

44 

55.63 

-.24 

3059 

3109 

7.41 

748 

2208 

tt 

44 

44 

44 

44 

57.88 

-.23 

3119 

3209 

7.34 

745 

2209 

"  i 

44 

44 

44 

4( 

60.13 

—  .22 

3180 

3309 

7.27 

7.42 

2210 

tt 

44 

44 

44 

44 

62.38 

—  .21 

3241 

3407 

7.20 

7.39 

♦  Spacing 

r  of  rivet 

lines  of  w 

eb  greater  than  30  X  thicki 

nessof 

plate.                                     1 
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TABLE  ^S.— Continued. 
Properties  op  Top  Chord  Sections. 


f 

T^ 

n 

^ 

Propcrttefl 
of 

4] 

4-- 

•••— 

^:^ 

SIzAn^ 

Top  Chord  Sections. 

T 

ThxwPktes.                        | 

' 

i^L 

JUl 

j> 

Plates. 

Ancka. 

Moments  of 
Inertia. 

RadUofGyia- 
tkn. 

Section 

Gross 
Area. 

tridty. 

Bottom 

Axis 

Axis 

Axis 

Axis 

Num- 
ber. 

Web. 

Covtr, 

Top. 

A-A. 

B-B. 

A-A. 

B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

Ta 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches«.'lnche8«. 

Inches. 

Inches. 

•221 1 

\H 

22XJ 

3ix3W 

5x3ixi 

jixjW 

50.46 

-.50 

2958 

2896 

7.65 

7-57 

•2212 

■t 

« 

(( 

<( 

52.71 

-48 

3020 

3003 

7-55 

7.54 

2213 

« 

(C 

tt 

c< 

54-96 

-46 

3081 

3108 

7.47 

7.52 

2214 

li* 

i< 

C4 

4  tt 

if 

57.21 

-.44 

3142 

3212 

740 

7.49 

2215 

1. 

« 

iC 

tt 

<i 

5946 

-.42 

3203 

3312 

7-33 

747 

2216 

^f* 

<c 

(( 

tt 

tl 

61.71 

-41 

3265 

3412 

7.26 

744 

2217 

"i 

(4 

tt 

tt 

if 

63.96 

-.39 

3326 

3508 

7.20 

741 

x8"X24''Sectkxi.                                                                            | 

2218 

I8x} 

*4xA 

Sixjjxf 

SxsJxf 

3ix3W 

47.S* 

1.59 

2584 

3215 

7.37 

8.23 

2219 

If* 

« 

tt 

« 

49-77 

1.52 

2650 

3354 

7.29 

8.21 

2220 

C4 

tt 

<i 

tt 

tt 

52.02 

145 

2716 

3491 
.3625 

7.22 

8.19 

2221 

!!  * 

tt 

« 

tt 

tt 

54-27 
56.52 

1.39 

2781 

7.16 

8.17 

2222 

it 

tt 

if 

tt 

tt 

1.34 

2846 

3757 

7.10 

8.15 

2223 

'H 

*^A 

Jjxjjxl 

sxsixA 

3lx3Jxft 

49.26 

1.26 

2736 

3354 

745 

8.25 

2224 

ff 

<c 

tt 

il 

51.51 

1.20 

2801 

3492 

7.37 

8.23 

2%%S 

it    . 

tt 

i< 

tt 

fi 

53.76 

I.15 

2865 

3628 

7.30 

8.21 

2226 

!!  ♦ 

tt 

<i 

tt 

if 

56.01 

1. 10 

2928 

3761 

7.23 

8.19 

2227 

«  , , 

tt 

« 

tt 

if 

58.26 

1.06 

2991 

3893 

7.17 

8.17 

2228 
2229 

l8xi 

*^A 

3Jxjixf 

Sx5ixj 

Jlxjixj 

50.96 
53.21 

0.95 
0.91 

2874 
2937 

3494 
3632 

7.51 
743 

8.28 
8.26 

2230 

<C 

« 

M 

M 

U 

55.46 

0.88 

2999 

3767 

7.36 

8.24 

2231 

r* 

(C 

« 

U 

tt 

57-71 

0.84 

3061 

3900 

7.28 

8.22 

2232 

M    ,  , 

It 

« 

« 

tt 

59.96 

0.81 

3124 

4031 

7.22 

8.20 

2233 

l8x} 

a4jA 

3ixjW 

5x3JxA 

3Jx3JxA 

52.64 

0.67 

3001 

3631 

7.55 

8.31 

2*34 

"  JL 
tt   f 

(C 

M 

tf 

54.89 

0.64 

3063 

3768 

747 

8.28 

2235 

t< 

tt 

M 

u 

57.14 

0.62 

3125 

3903 

7-39 

8.26 

2236 

tt    11 

cc 

tt 

M 

tt 

59.39 

0.60 

3186 

4035 

7.32 

8.24 

2237 

«   1. 

M 

tt 

« 

tt 

61.64 

0.57 

3248 

4165 

7.26 

8.22 

2238 

i8x} 

*4jA 

Jjxjjxf 

Sx3Jx| 

iixiM 

54.26 

042 

3170 

3766 

7.58 

8.33 

2239 

«^ 

<( 

*• 

56.51 

0.40 

3902 

7.50 

8.31 

2240 

tt       , 

(t 

C4 

M 

tt 

58.76 

0.39 

3237 

4036 

742 

8.29 

2241 

i:  ♦ 

tt 

C< 

tc 

tt 

61.01 

0.37 

3297 

4168 

7.35 

8.26 

2242 

it 

tt 

« 

« 

tt 

63.26 

0.36 

3359 

4298 

7.29 

8.24 

*  Spacing 

I  of  rivet  lines  of  w 

eb  greater  than  30  X  thicki 

ie»of 

plate. 
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TABLE  SS.—QmHnued. 
Properties  of  Top  Chord  Sections. 


f 

l*ririii««tlBM 

rTopeiuu 

4, 

..J 

3 

^^f 

Of 

4-- 

Top  Cbord  Sections. 

i 

Three  Plates.                       | 

i=! 

L 

A 

T    ■ 

i 

Sect  inn 

Plata. 

Angles. 

Gross 
Aiea. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  GyiB- 
tion. 

Axis 

Axis 

Axis 

AtIii 

Nam- 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Top. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

'A 

tb 

Inches. 

Inches. 

Inches. 

Inchei. 

Indies. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

2243 

•H 

a4xA 

Sixjjxl 

5x3ixli 

3Jx3*xH 

55.88 

0.18 

3221 

3895 

7.59 

8.35 

2244 

^ 

<( 

CC 

CC 

58.13 

0.18 

3282 

4031 

7.51 

8.33 

2245 

« 

« 

11 

n 

11 

60.38 

0.17 

3343 

4165 

7.44 

8.31 

2246 

!!t* 

« 

CC 

CC 

IC 

62.63 

0.16 

3403 

4296 

737 

8.28 

2247 

CC    J 

M 

IC 

u 

II 

64.88 

0.16 

3464 

4425 

7.31 

8.26 

2248 

iSzi 

241* 

SJxjW 

SX3W 

sHiM 

57^6 

-.03 

3314 

4026 

7.60 

8.37 

2249 

"t 

ii 

CC 

u 

5971 

-.03 

3375 

4161 

7.5* 

8.35 

2250 

<C 

CC 

tl 

u 

61.96 

-.03 

3436 

4294 

7.45 

8.33 

2251 

"f 

Ii 

II 

f€ 

CI 

64.21 
6646 

-.03 

3496 

4424 

7.38 

8.30 

2252 

CI 

CC 

CC 

II 

-.03 

3557 

4553 

7.32 

8.28 

30"  X  34"  Section.    A  Seikt.                                                                   | 

♦2253 

20z} 

24jA 

3ix-,W 

3Jx2ix| 

3ixi,ixf 

48.38 

1.94 

3136 

3171 

^ 

8.09 

2254 

ui* 

<c 

50.88 

1.85 

3227 

3324 

8.08 

22S5 

M 

CI 

CI 

CI 

II 

5338 

1.76 

3319 

3477 

7.88 

8.06 

2256 

r* 

CC 

<l 

(1 

<l 

55.88 

1.68 

3410 

3627 

7.81 

8.05 

22S7 

M 

CI 

II 

<l 

CI 

58.38 

I.61 

3500 

3777 

7.74 

8.04 

♦2258 

2QX} 

MjA 

3ix?W 

3Jx3JxA 

3Jx3JxA 

49.94 

I.61 

3310 

3282 

8.14 

8.10 

2259 

!!^ 

CC 

CC 

CC 

S*-44 

1.53 

3400 

3435 

8.05 

8.09 

2260 

« 

CC 

II 

CI 

M 

54-94 

1.46 

3489 

3587 

7.96 

8.08 

2261 

"  * 

u 

II 

11 

IC 

5744 

1.40 

3577 

3736 

7.88 

806 

2262 

CI 

4 

CC 

II 

II 

M 

59-94 

1.34 

3665 

3886 

7.82 

8.05 

•2263 

"S'L 

a4jA 

3*'?W 

3Jx;W 

3^x1 

51.46 

1.31 

3466 

3387 

8.21 

8.12 

2264 

^ 

CC 

5396 

1.25 

3553 

3540 

8.12 

8.10 

2265 

(4 

CI 

11 

II 

€1 

56.46 

1.19 

3640 

3691 

8.03 

8.09 

2266 

!!  * 

11 

CC 

II 

4€ 

58.96 

1.14 

3728 

3839 

7.95 

8.07 

2267 

*«  , 

11 

l< 

M 

M 

61.46 

1.09 

3815 

3988 

7.89 

8.05 

•2268 

*?*. 

a4xft 

SJxiJxf 

3Jx3Jxft 

3Jx3JtA 

5*94 

1.02 

3617 

3497 
3649 

8.26 

8.13 

2269 

^ 

CC 

CC 

CC 

II 

55.44 

0.97 

3703 

8.17 

8.11 

2270 

(( 

CC 

II 

CC 

CI 

57.94 

0.93 

3788 

3799 

8.08 

8.09 

2271 

«  * 

CC 

CC 

CI 

IC 

6044 

0.89 

3874 

3947 

8.00 

8.08 

2272 

« 

CC 

CI 

CC 

u 

62.94 

0.86 

3959 

4095 

7.93 

8.06 

*  Spacing 

of  rivet  lines  of  wc 

;b  greater  than  30  X  thickn 

688  of  plate. 
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TABLE  SS.--CofUinued. 
Properties  of  Top  Chord  Sections. 


jr 

■•"^ 

1 

3 

Iropcrticfl 

4, 

...^_ 

M 

SIzAnglei 

1 

or 

A  . 

ana 

Top  Chord  Sections. 

<; 

Three  Plates. 

rJ 

1   ' 

r 

Section 

Plates. 

Angles. 

Gross 
Arta. 

Eccen. 
tridty. 

Moments  of 
Inertia. 

RadU  of  Gyra- 
tion. 

Bottom. 

Axis 

Axis 

Axis 

Axis 

Num- 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Top. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inches*. 

Inches. 

Inches. 

♦2273 

20zi 

24^A 

Jixp^ixl 

3ix2lx| 

3ixj4x| 

54.38 

0.76 

3752 

3599 

8.30 

8.13 

2274 

::f 

(C 

56.88 

0.73 

3836 

3751 

8.21 

8.II 

2275 

(( 

cc 

CC 

u 

59.38 

0.70 

3921 

3900 

8.12 

8.10 

2276 

::j* 

c< 

C< 

it 

cc 

61.88 

0.67 

4005 

4047 

8.04 

8.08 

2277 

i< 

M 

M 

<c 

64.38 

0.64 

4090 

4195 

7.97 

8.07 

•2278 

20x} 

24IA 

3ix2ixf 

3Jx3JxH 

3ix3JxH 

55.82 

0.53 

3873 

3700 

8.33 

8.14 

2279 

"A 

<( 

CC 

cc 

58.32 

0.50 

3957 

3851 

If 

8.12 

2280 

C( 

(( 

« 

it 

cc 

60.82 

0.48 

4041 

4000 

8!o6 

8.10 

2281 

"H 

(4 

c< 

u 

M 

63.32 

046 

4"5 

4147 

8.08 

2202 

((   a 

U 

cc 

cc 

M 

65.82 

0.45 

4209 

4294 

7.99 

8.07 

•2283 

20Z) 

241* 

3Jxj§x| 

3Jx3Jxi 

3ix;,ixi 

57.22 

0.30 

3985 

3800 

8.35 

8.15 

2284 

"  JL 

t( 

CC 

CC 

59.72 

0.29 

4068 

3951 

8.25 

8.13 

2285 

cc  i 

(C 

cc 

c< 

CC 

62.22 

0.28 

4151 

4099 

8.16 

8.11 

2286 

((   11 

« 

cc 

t€ 

*l 

64.72 

0.27 

4235 

4245 

8.08 

8.09 

2287 

«   1 

cc 

cc 

CC 

cc 

67.22 

0.26 

4319 

4392 

8.01 

8.08 

21/'  X  m"  Section.     B  Seric*.                                                                      | 

♦2288 

2QX} 

*4xft 

3*xj»x| 

Sxsjxf 

3ix3}x} 

49.52 

1.67 

3285 

3354 

8.14 

8.22 

2289 

«     • 

CC 

cc 

tt 

52.02 

1.59 

3375 

3507 

8.05 

8.20 

2290 

4<     1 

cc 

CC 

cc 

It 

54.52 

1.52 

3465 

3660 

7.97 

8.19 

2291 

«<     11 

cc 

cc 

cc 

tt 

57.02 

1.45 

3554 

3810 

7.89 

8.17 

2292 

«     f 

c< 

cc 

cc 

CC 

59.52 

1.39 

3642 

3960 

7.82 

8.15 

•2293 

20X} 

a4iA 

3Jx2Jx| 

SJC3J/A 

3Jx3JxA 

51.26 

1.33 

3473 

3495 

8,23 

8.25 

2294 

"A 

cc 

cc 

CC 

53.76 

1.27 

3560 

3648 

8.14 

8.23 

2295 

C( 

« 

c< 

cc 

cc 

56.26 

I.2I 

3648 

3800 

8.05 

8.22 

2296 

"H 

<c 

« 

c< 

cc 

58.76 

1.16 

3734 

3949 

7.97 

8.20 

2297 

«   .  . 

it 

c< 

<c 

tt 

61.26 

I.II 

3820 

4099 

7.90 

8.18 

♦2298 

2Qx} 

*4iA 

3i-.ixl 

5X3ixi 

3JX2W 

52.96 

a98 

3644 

3631 

8.30 

8.28 

2299 

"A 

cc 

*l 

55.46 

0.93 

3732 

3784 

8.20 

8.26 

2300 

c<      , 

c< 

K 

CC 

tt 

57.96 

0.90 

3817 

3935 

8.11 

8.23 

2301 

"i» 

cc 

CC 

cc 

tt 

6046 

0.86 

3902 

4083 

8.03 

8.21 

2302 

i( 

cc 

CC 

cc 

tt 

62.96 

0.83 

3988 

4232 

7.96 

8.19 

*  Spacing 

of  rivet  lines  of  we 

b  greater  than  30  X  thickn 

sssof  p 
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TABLE  SS.^Continued. 
Properties  of  Top  Chord  Sections. 


t 

"f   "^11 

~l 

3 

PlopertiGi 

4, 

—  l. 

.  ^                          Six  Anslei 

of 

4 1 

*  -                                 and 

Top  Chord  Sectkna. 

Section 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Momenta  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Bottom 

Axis 

Axis 

Axis 

Axis 

Num. 
ber. 

Web. 

Cover. 

Top. 

A-A. 

B-B. 

A-A. 

B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

rx 

'B 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches^. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

♦2303 

20zi 

24^A 

Jixjjxi 

sxsJxA 

3Jx3JxA 

54.64 

0.69 

3807 

3771 

8.34 

8.30 

2304 

"A 

i< 

(C 

(C 

57.14 

0.66 

3891 

3923 

8.25 

8.28 

2305 

« 

C( 

59-64 

0.63 

3975 

4073 

8.16 

8.26 

2306 

"  i 

« 

C< 

« 

cc 

62.14 

0.61 

4059 

4221 

8.07 

8.24 

2307 

it , , 

<( 

« 

<C 

cc 

64.64 

0.59 

4143 

4369 

8.00 

8.22 

•2308 

20X} 

241A 

Jjxijxf 

Sx3Jxf 

3Jx3Jx| 

56.26 

0.42 

3949 

3904 
4056 

8.38 

8.33 

2309 

"   A 

«( 

iC 

« 

(C 

58.76 

0.40 

4033 

8.29 

8.31 

2310 

C( 

(( 

C< 

c< 

cc 

61.26 

0.38 

4"7 

4205 

8.20 

8.28 

2311 

"  i 

(4 

« 

« 

cc 

63.76 

0.36 

4208 

4352 

8.12 

8.26 

2312 

« 

(i 

66.26 

0.34 

4284 

4500 

8.04 

8.24 

♦2313 

20Z} 

a4xA 

3}x3}xi 

SxjJxH 

3§x3ixH 

57.88 

0.16 

4081 

4036 

8.40 

8.35 

2314 

"A 

60.38 

0.15 

4164 

4186 

8.30 

8.33 

2315 

c< 

« 

62.88 

0.15 

4247 

4336 

8.22 

8.31 

2316 
2317 

::j» 

4( 
tt 

M 

<c 
c< 

CC 

cc 

65.38 
67.88 

0.14 
0.14 

4331 
4414 

4630 

8.06 

8.28 
8.26 

♦2318 

»»} 

24^^ 

SJxjJxf 

SX3Jxi 

3Jx3Jxi 

59.46 

-.07 

4200 

4166 

8.40 

8.37 

2319 

"A 

61.96 

-.07 

4283 

4317 

8.31 

8.35 

2320 

« 

« 

(C   ' 

CC 

64.46 

-.06 

4366 

4465 
461 1 

8.23 

8.32 

2321 

"  i 

C( 

cc 

« 

tt 

66.96 

-.06 

4450 

8.15 

8.30 

2322 

c< 

(1 

« 

c< 

cc 

69.46 

-.05 

4533 

4758 

8.08 

8.28 

30"  X  36"  Section.                                                                            | 

♦2323 

*2**. 

a6il 

aixjjxi 

Sx3Jx| 

3Jx?W 

52.27 

2.14 

3485 

4272 

8.16 

9.04 

2324 

^ 

(( 

« 

54.77 

2.04 

3579 

4468 

8.08 

9.03 

2325 

4C 

«     • 

57.27 

1.95 

3673 

4661 

8.01 

9.02 

2326 

"  i 

C< 

c< 

« 

CC 

59.77 

1.87 

3765 

4851 

7.94 

9.01 

2327 

« 

« 

« 

(C 

cc 

62.27 

1.79 

3856 

5039 

7.87 

8.99 

•2328 
2329 

20X} 

26x| 

jix^W 

$x3ixA 

3ix3JxA 

54.01 
56.51 

1.78 
I.71 

3694 
3783 

:si 

8.27 
8.18 

9.07 
9.06 

2330 

<c   1 

« 

« 

« 

CC 

59.01 

1.63 

3874 

4831 

8.10 

9.05 

2331 

((    11 

CI 

« 

61.51 

1.57 

3963 

5020 

8.03 

9.04 

2332 

cc 

64.01 

I.51 

4052 

5207 

7.96 

9.02 

*  Spacing  of  rivet 

t  lines  of 

web  greater  than  30  X  thickness  of  plate. 
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TABLE  SS.—ConUnued, 
Properties  of  Top  Chord  Sections. 


f 

"f"! 

^ 

^ 

4i_.._ 

— 

-r,^ 

SixAnalea 

Top  Chord  Sectlooa. 

4    - 

t 

anu 
Three  Plates. 

^L 

J 

•:         • 

J> 

Plates. 

Ancka. 

Moments  of 
Inertia. 

RadU  of  Gyra- 
tion. 

Section 

Gross 
Area. 

tridty. 

Bottom 

Axis 

Axis 

Axis 

Axis 

Num- 
ber. 

Web. 

Cover. 

Too. 

A-A. 

B-B. 

A-A. 

B-B. 

•**!'• 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

rn 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•2333 

20xJ 

26x| 

ShjJxf 

Sx3ixi 

3JxjJxJ 

5571 

1.46 

3879 

4614 

l-n 

9.10 

2334 

"A 

t( 

(C 

C( 

58.21 

1.40 

3967 

4809 

8.26 

9.09 

2335 

<« 

« 

c< 

44 

44 

60.71 

1.34 

4056 

5000 

8..7 

9.08 

2336 

"t* 

C( 

44 

44 

44 

63.21 

1.29 

4143 

5189 

8.10 

9.06 

2337 

<i , , 

cc 

« 

u 

44 

65.71 

1.24 

4230 

5375 

8.02 

9.04 

•2338 

»oxJ 

26x| 

3ix2W 

5x3JxA 

3ix3ixA 

57.39 

I.16 

4053 

4782 

840 

9.13 

2339 

A 

« 

<c 

44 

59.89 

I. II 

4139 

4976 

8.31 

9.11 

2340 

« 

c< 

44 

44 

44 

62.39 

1.06 

4226 

5167 

8.23 

9.10 

2341 

"H 

(C 

44 

44 

44 

64.89 

1.02 

4312 

5355 

8.IS 

9.08 

2342 

c(  a 

« 

44 

44 

44 

67.39 

0.99 

4397 

5541 

8.08 

9.07 

•2343 

*2'i 

26x| 

3^1x1 

Sx3Jx| 

3^Jxt 

59.01 

0.89 

4211 

4945 

8.4| 

9.IS 

^344 

A 

« 

44 

61.51 

0.85 

4296 

5138 

8.36 

9.14 

2345 

« 

« 

44 

44 

44 

64^.01 

0.82 

4381 

5328 

8.27 

9.12 

2346 

"  * 

4< 

44 

44 

M 

66.51 

0.79 

4466 

5516 

8.19 

9.II 

2347 

<( 

i4 

44 

44 

M 

69.01 

0.76 

4550 

5701 

8.12 

9.09 

•2348 

20zi 

26x| 

3*x;,ixl 

SxsJxtt 

3Jx3JxH 

60.63 

0.63 

4358 

5107 

848 

9.18 

2349 

!!^ 

(C 

44 

44 

63.13 

0.60 

4442 

5299 

8.39 

9.17 

2350 

M     .  , 

M 

44 

44 

44 

65.63 

0.58 

4527 

5675 

8.31 

9.15 

2351 

'!  ♦ 

« 

44 

44 

44 

68.13 

0.56 

4611 

8.23 

9.13 

2352 

«  , . 

« 

44 

M 

44 

70.63 

0-54 

4694 

5860 

8.IS 

9.II 

*2353 

2QX} 

2&I 

3h3Jxf 

Sx3ixf 

3lx2W 

62.21 

0.40 

4489 

5267 

8.50 

9.20 

23S4 

«A 

CC 

c< 

« 

64.71 

0.38 

4573 

5459 
56;8 

841 

9.19 

2355 

u 

cc 

(4 

44 

44 

67.21 

0.37 

4657 

8.32 

9.17 

2356 

«  * 

« 

(4 

C4 

44 

69.71 

0.35 

4740 

5834 

8.2s 

9.15 

2357 

<« 

(( 

44 

4( 

« 

72.21 

0^34 

4824 

6017 

8.17 

9.13 

39^  X  36^  SKtioo.    ASerln.                                                                    | 

•2358 
•2359 

2»xi 

*^A 

Ax^i 

4x^§ 

4xjxJ 

l?:li 

1:^ 

4811 
4928 

4499 
4691 

9.02 
8.92 

8.73 
8.71 

2360 

"f 

« 

it 

(( 

44 

64.63 

1.41 

5045 
5163 

48-^9 

8.83 

8.69 

2361 

"H 

(4 

(4 

4C 

44 

67.38 

1.35 

5066 

8.75 

8.67 

2362 

"I 

« 

« 

« 

C4 

70.13 

1.30 

5282 

5246 

8.68 

8.65 

• 

Spacing 

of  rivet 

lines  of  we 

b  greater  than  30  X  thicknc 

188  of  plate. 
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TABLE  $1- 


TopChonlSeotia 

- 

UL  Jut 

Section 

« — 

Plato. 

Antk^ 

Art*. 

irKUy. 

Wd>. 

C6W. 

Tofk 

BottoiB* 

A  A, 

iJ^l;. 

n. 

fit 

Mr. 

Otttilile. 

Iniid*. 

A 

t 

_JA 

tMlllf" 

KM 

Inches. 

Ip^htf 

IndMt. 

InchM. 

Inchett 

lacbw>. 

ImliM. 

ImltM* 

•2363 
•2364 

n 

26xA 

4x^1 

4X^A 

4x^ft 

60.B5 

I.IH 

504.1 
^t17 

4f»40 
4«U 

o.wi 
^.ug 

1$ 

CI 

c< 

<4 

II 

MI.3S 
69.10 

t!oH 

5104 

S;^ 

Kf-O 
«,f.y 

2367 

«   J 

« 

« 

«4 

14 

71.HS 

1.04 

54«j 

5JN5 

"7J 

H.r.j 

•2368 
♦2369 

n 

2&A 

^* 

^» 

^» 

6a.57 

0.01 
O.H9 

5<«? 
51.U 

4;^y7 

4^7 

0.11 

"74 

II7< 

2370 

tt    , 

« 

U 

M 

41 

O.H^ 

5445 
55<< 
5/71 

iit<;4 

B.yo 

2371 

"  i 

« 

M 

«« 

41 

70.Ha 

O.Hl 

5nQ 

n.M 

2372 

« 

M 

M 

<4 

44 

73'S7 

079 

5?iV 

n7» 

N/ifi 

•2373 

22xi 

»&A 

4at4x| 

4^tt 

4M«H 

64.35 

0/7 

5197 

4<?t^' 

^.t/i 

K7<l 

•2374 

«<   JL 

c< 

M 

«« 

14 

67.00 

oy.4 

55^'V 
<Aao 

5if/i 

i.27 

«7» 

2375 

«   t 

M 

M 

« 

44 

6975 

oM 

5iV« 

«7l 

2376 

M     11 

M 

i4 

M 

44 
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0.<9 

<7U 

«47? 
5/'55 

*>/ 

D^rf/ 

2377 

M     i 

M 

M 

M 

44 

75*5 

0J7 

5«44 

n.m 

Ji/ry 

•2378 
*2379 

2*lJ 

26jA 

4*J«* 

4*J«I 

4*J«I 

ss 

0.41 

0.40 

<^47 

«7« 

2380 

M 

M 

M 

44 

7l'J9 

0.3^ 
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«.7« 

2381 

M 

u 

M 

4« 
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M 
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TABLE  BS.-'ConHnued. 
Properties  of  Top  Chord  Sections. 


f 

T-i 

r 

Pioperties 
of 

t^ 

■•;— 

-f 

Six  Ancles 
and 

Top  Chocd  Sections. 

i. 

Three  Plates. 

.i-JL 

^Ul 

J^ 

Plates. 

Angles. 

Moments  off 
Inertia. 

Radii  of  Gyn-  1 
tion.           1 

'!tmrllnii 

Gross 
Area. 

Eccen- 
tricity. 

Bottoni 

Axis 

Axis 

Axis 

Axis 

Num- 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Co^^v. 

Top. 

Outside. 

Inside. 

A 

e 

U 

Ib 

Ta 

ra 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches'. 

Inches. 

Inches. 

•2393 

22X§ 

26xA- 

4X4xJ 

6x4x1 

4x41! 

65.07 

0.48 

IIS 

5267 

9.24 

9.00 

•2394 

"^ 

t( 

« 

(4 

44 

67.82 

0.46 

5457 

914 

8.97 

2395 

(( 

« 

« 

CC 

44 

70.57 

0.44 

5767 

5644 

9.04 

8.94 

2396 

"      i 

« 

« 

44 

U 

73-32 

0.42 

5879 

5829 

8.95 

8.92 

^397 

C( 

c< 

cc 

CC 

CC 

76.07 

041 

5991 

6009 

8.87 

8.89 

•2398 

»«J 

»6xA 

4X4ii 

6x4xH 

4^H 

66.99 

0.19 

5735 

^ 

9-25 

9.02 

•2399 

"A 

4< 

(( 

(C 

44 

69.74 

0.19 

5846 

9-«5 

8.99 

2400 

i( 

« 

C( 

u 

4C 

72.49 

0.18 

5957 

5831 

9.06 

8.97 

2401 

"H 

(4 

u 

cc 

CC 

75-24 

0.18 

6068 

6015 

8.98 

8-94 

2402 

c< 

« 

cc 

<c 

*t 

77.99 

0.17 

6179 

6195 

8.90 

8.91 

•2403 

»2XJ 

»6xA 

4x4x4 

6x4ii 

P^i 

68.89 

-.07 

5913 

5636 

9.26 

9.04 

•2404 

ft 

« 

c< 

CC 

u 

71.64 

-.07 

6024 

5824 

9.16 

9.01 

2405 

it 

« 

«c 

cc 

t€ 

74.39 

-.07 

6135 

6009 

9.08 

8.98 

2406 

"     i 

cc 

a 

cc 

44 

77.14 

-.06 

6246 

6193 

8.99 

8.96 

2407 

(i 

« 

c< 

cc 

CC 

79.89 

-.06 

6357 

6372 

8.92 

8.93 

a^'Xair'SexAm.    C  Series.                                                                 | 

•2408 

22xh 

26IA 

4X4xi 

6i4xJ 

614XJ 

63.13 

0.77 

5378 

4915 

9.23 

8.82 

•2409 

"A 

(( 

cc 

44 

44 

65.88 

0.73 

5491 

5106 

9.13 

8.80 

2410 

*' 

« 

(C 

CC 

CC 

68.63 

0.70 

5604 
5716 

5293 

9.04 

8.78 

2411 

"     * 

4C 

<c 

CC 

CC 

71.38 

0.67 

5479 

8.95 

8.76 

2412 

tc 

{< 

c< 

<C 

cc 

74.13 

0.65 

5828 

5659 

8.86 

8.73 

•2413 

»Kj 

*<«* 

wtj 

6x4xA 

6r^A 

$5.37 

0.40 

5621 

5110 

9.28 

8.84 

•2414 

{* 

(C 

cc 

CC 

68.12 

0.38 

5732 

5301 

9.17 

8.82 

Hi5 

4C 

c< 

<c 

cc 

c< 

70.87 

0.37 

5844 

5487 
5671 

9.08 

8.80 

2416 

"    i 

<c 

u 

cc 

c< 

73.62 

0.36 

5955 

8.99 

8.7« 

2417 

M 

« 

« 

cc 

M 

76.37, 

0.35 

6066 

5851 

8.92 

8.76 

•2418 

*«> 

*6xA 

WkJ 

fixxxl 

V 

67.57 

0.07 

5845 

5298 

9.31 

8.86 

•2419 

A 

<■ 

c< 

CC 

70.32 

0.07 

5956 

5487 

9.21 

8.84 

2420 

(( 

l< 

cc 

cc 

cc 

73.07 

0.07 

6067 

5673 

9.12 

8.82 

2421 

c< 

cc 

cc 

cc 

75.82 

0.06 

6178 

5857 

9.03 

8.80 

2422 

«     : 

« 

cc 

cc 

cc 

78.57 

0.06 

6289 

6035 

8.95 

8.77 

*  Spacing 

of  rivet 

lilies  of  W( 

;b  greater  than  30  X  thickn 

e»of  I 

)late. 
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or 

TbpCbonl 


Section 
Num- 
ber. 


•2423 
•2424 

2426 
2427 


Platei. 


Web. 


Cover. 


'2428       22X) 
•MJ9         "ft 


a6xft 


26tft 


AnjiliHi. 


Top. 


4x4x1 


4^xi 


tkilUifili 


6x4? ft 


f^^^i 


»4 


ffXAt\ 


A 

'/I 


i^r 


71  Vf 


M 

i/ 


^♦bH1H\H  Ml 


i^bHiHM 


(9  tf^ 


I  Aj/7    A.*y    y^y,     ^^|« 


*»^>^iir'^A(**#Mv. 


'    14:1 

2s; 

iftrl 

«,^l 

<* 

7'^ 

'7^ 

^7/ 

•  • 

i>4' 

4»ffi 

'^W^ 

<* 

1  y> 

^^'/> 
//., 

/.^•r^ 

7'" 

,0, 

:.*^ 

sarf 

dhi- 

^««* 

-iw-* 

4**y-!^ 

". '  < 

-V-'! 

Au, 

/».y 

r^ 

r^.t 

^.U4» 

.« 

>* 

.# 

tt 

r  'f'^ 

,''-. 

y-. 

^5 

* 

-It. 

'"A 

r  '  " 

rvteuar 

V.^ 
''^\ 

\7: 

1  ''' 

•< 

c^ 


TABLE  %$.-— Continued. 
Pkofbrtibs  op  Top  Chord  Sections. 


Properties 

of 

Top  Cboid  Sections. 


SizAiiglM 

and 

Three  Flatea. 


SecUon 
Nttm- 
ber. 


Plates. 


Web. 


Cover. 


Angles. 


Top. 


Bottom. 


Outside.         Inside. 


Gross 
Area. 


Ecoen- 
tiidty. 


Moments  of 
•Inertia. 


Axis 
A-A. 


Axis 
B-B. 


Radii  of  Gyia- 


Axis 
A-A. 


rA 


Axis 
B-B. 


H5I 
2452 

24S3 


Inches. 


Inches. 


Inches. 


Inches*. 


Inches*. 


Inches*. 


Inches. 


22x| 


28x| 


AH^\ 


6x4xi 


6x4x1 


80.26 
83.01 
85.76 


-.05 
-.05 
-.04 


6851 
6962 
7073 


7536 
7763 
7988 


9.24 
9.16 
9.08 


9.69 
9.67 
9.65 


24"  X  28''  Section.    A  Series. 


•2454 

2456 
H57 

♦2458 

•H59 
2460 
2461 

•2462 

•2463 

2464 

2465 

*2466 

•2467 
2468 
2469 

•2470 

♦2471 

2472 

2473 


24xft 

28x1 

4X4xJ 

*^* 

4X4X4 

67.00 

2.00 

6348 

6117 

9.73 

70.00 

1.92 

6502 

6376 

9.64 

"    i 

73.00 

1.84 

6656 

9.55 

<( 

U 

i< 

ii 

ii 

76.00 

1.76 

6810 

6882 

946 

^f 

^J» 

4x^i 

4x^A 

^A 

68.72 
71.72 

1.69 
1.62 

6617 
6770 

6287 
654s 

9.81 
9.72 

:\ 

« 

M 

74.72 

1.56 

6920 

6799 

9.63 

7772 

1.50 

7071 

7050 

9.54 

aftA 

28x1 

4X4xJ 

4J^3c| 

4^1 

70.4^ 

1.38 

6873 

6456 

9.88 

* 

<( 

M 

<i 

ii 

73-44 

X.33 

7021 

6712 

9.78 

76.44 

1.28 

7170 

6966 

9,69 

4<     f 

<i 

ii 

M 

7944 

1.23 

7319 

7215 

9.61 

24:'* 

28x1 

4X4xJ 

4X4xtt 

AUA\ 

72.12 

1. 11 

7103 

6625 

9.92 

i< 

<« 

<c 

ii 

u 

75.12 

1.07 

7250 

6880 

9.82 

"    i 

K 

cc 

i< 

u 

78.12 

1.03 

7397 

7133 

9.72 

81.12 

I.OO 

7543 

7382 

9.63 

24xA 

28x| 

4J^xi 

4J^xf 

4J^xf 

73.76 

0.86 

7318 

6785 

9.96 

<(   ii 

(C 

M 

ii 

ii 

76.76 
79.76 

0.82 
0.79 

7611 

7040 
7292 

9.86 
9.77 

«   1 

<t 

M 

ii 

it 

82.76 

0.76 

77^ 

7540 

9.69 

9.56 
9.54 
9.53 
9.51 

9.57 

9-55 
9-54 
9.52 

9.58 
9,56 
9.55 
9.53 

9.58 
9.56 
9.55 
9.53 

9.59 
9.58 
9.56 
9.5s 


n"  X  38" 


•2474 

•2475 

2476 

2477 


28xf 


4X4xJ 


6x4xJ 


4X4xJ 


69.00 
72.00 
75.00 
78.00 


1.61 

1.54 
148 
M3 


6713 
6865 
7015 
7164 


6567 
6826 
7081 
7332 


9.87 
9.77 
9.67 
9.58 


9.76 

9.74 
9.72 
9.69 


*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  ^^Coniimmtd. 
PtoPBKTiBs  or  Top  Cbokd  Sbctions. 


Properties 

of 

Top  Chord  Sectkwa. 


SfatAnttet 
Thnw  n«tQt. 


S2ctkui 
Num- 
ber. 


•2478 

•2479 

2480 

2481 

♦2482 

♦2483 

2484 

2485 

♦2486 

•2487 

2488 

2489 

•2490 

♦2491 

2492 

H93 


Plates. 


Web. 


Inches. 


24x^ 


241^ 


24xf 


H^i 


Cover. 


Inches. 


28z| 


28x| 


28zf 


28x| 


Ancles. 


Top. 


Inches. 


4X4xJ 


i^i 


4^J 


4^J 


Bottom. 


Outside. 


Inches. 


6x4fA 


6x4x1 


SxAxH 


6x4x| 


Inlide. 


Inches. 


4X4?A 


4^1 


4M?H 


4X4xf 


Gross 
Area. 


Incheflt. 


70.98 

73.98 
76.98 

79.98 

72.94 
75.94 
78.94 
81.94 

74.86 
77.86 
80.86 
83.86 

76.76 
79.76 
82.76 
85.76 


Bccen" 
trlclty. 


Inches. 


1.26 

i.ai 

1.17 
1.13 

0.94 

0.90 
0.87 
0.84 

0.64 
0.6a 
0.60 
0.58 

0.36 
0.35 
0.34 
0.33 


Moments  of 
Inertia. 


Axis 
A-A. 


Inches*. 


7010 
7158 
7305 
745a 

7285 
7431 
7577 
77*3 

7825 
7970 

7770 

79x3 
8057 
8202 


B^. 


Ib 


InchM«. 


6794 
70s; 
7306 

7557 

7019 
7275 
7529 
7778 

7244 
7499 
7752 
8001 

7460 

7967 
8215 


Radii  of  Gym. 
tion. 


Axil 
A-A. 

rA 


Inch^•. 


9.94 
9.84 

9.74 
9.65 

9W 

9.H9 
9.80 
9.71 

10.03 

9'93 
9.H4 

9'75 

10.05 
9.96 
9*«7 
978 


U-B. 


InfhM. 

978 
976 
974 
972 

9.81 
979 
977 
975 

9.84 
9.82 
9.80 
977 

9.86 

9'«3 
9'8f 

979 


aV'  X  2%"  Section.    C  Series. 


4»jxi 

6^i 

M 

u 

M 

u 

4^i 

<«^A 

u 

M 

M 

a 

'    ♦y* 

6hx| 

M 

M 

« 

« 

6^i 


71.00 
74.00 
77.00 

SOjOO 


6x4**     7324 
76.24 

!79'24 
82.24 


e^t 


1.23 
1.19 
1.14 

I.IO 

0.85 
0.82 

079 

0.76 


7544'   0'53 

7«-44 

81-44 

«4-44 


7061 
720S 

7503 

7379 
7$2$ 
7^t 


6606 

7119 
73^ 

6638 
7095 
734« 


7^17  .  759« 


7O70  7&M 

0.51  I  7815  7322 

o^  I  7r/o  7575 

0^7  '  8f04  7H$ 


9f 

9J7 

9,78 
9^ 

fo.04 
9-93 
9M 


9M 

9/'1 
9/^ 

9//> 
9/^4 


9  75     9/^» 
9^     9//I 


^Sfadacof  rivet  iiacs  of  vcbfvcatcrtlaasoxtliiciaMWof  pbte. 


J 


U9 


TABLE  85. — Conttnued. 
Properties  op  Top  Chord  Sections. 


Properties 

of 

Top  Chord  Sections. 


SizAngiet 

and 

Three  Plates. 


Section 
Num- 
ber. 


Plates. 


Web. 


Cover. 


Ancles. 


Top. 


Bottom. 


Outside.         Inside. 


Gross 
Arta. 


Bcoen- 
txidty. 


Moments  of 
Inertia. 


Axis 
A-A. 


Axis 
B-B. 


Radii  of  Gyxa- 


Axis 
A-A. 


ta 


Axis 
B-B. 


Inches. 


Inches. 


Inches. 


Inches*. 


Inches*. 


Inches*. 


Inches. 


♦2506 

•2507 

2508 

2509 

•2510 

•25 II 

2512 

2513 


24xV 


24xf 


28x| 


28z| 


4^^i 


43t4xJ 


6x4xtt 


6x4xf 


6x4xtt 


6x4xi 


77.60 
80.60 
83.60 
86.60 

79.76 
82.76 
85.76 
88.76 


0.20 
0.20 
0.19 
0.19 

-.08 
-.08 
-.07 
-.07 


7937 
8081 
8225 
8369 

8185 
8329 

8473 
8617 


7298 

7SSI 
7803 
8051 

7519 
7772 
8022 
8269 


10.10 

10.00 

9.92 

9.83 

10.12 
10.02 

9.93 
9.85 


9.70 
9.68 
9.66 
9.64 

9.69 
9.67 
9.65 


84"X30"Sectioa. 


•2514 
2515 
2516 

•2517 
2518 
2519 

•2520 
2521 
2522 

•2523 
2524 
2525 

•2526 
2527 
2528 

•2529 
2530 
2531 


Tl* 

4xjjxJ 

6zjx| 

« 

6x4x1 

4€ 

7*57 
7557 
78.57 

i.43 
2.33 
2.24 

6831 
6993 
7151 

7875 
8187 
8498 

9.70 
9.62 
9.53 

Tl» 

30XH 

« 

4^i 

6x4xA 

« 

6x^A 

74.85 
77.85 
80.85 

2.02 
1.87 

7228 
7384 
7539 

8778 

9.83 

Tj. 

joxtt 

6x^i 

77.13 
80.13 
83.13 

1.64 

1.59 
1.52 

7593 

Si 

8439 
8749 
9057 

9.9a 
9.84 

9-75 

Tj. 

« 

4^i 

6x4xA 

cc 
c< 

6x^A 

79-37 
82.37 
85.37 

1.29 
1.24 
1.20 

7934 
8083 
8231 

8716 
9025 
933* 

10.00 

9.91 
9.82 

n 

3<«H 

4T» 

6x^1 

M 

6x4,1 

« 

81.57 
84.57 
87.57 

0.96 
0.93 
0.90 

8248 
8395 
8541 

8989 
9297 
9603 

10.05 

9.97 
9.88 

Tj* 

3C«H 

6x^H 

6x^H 

83.73 
86.73 
89.73 

0.66 
0.64 
0.62 

5077 
8822 

9158 

10.09 

10.00 

9.91 

10.42 
10.41 
io4o 

1044 
10.43 

1042 
10.46 

10.45 
1044 

1047 

10.46 

1045 

10.50 
10.48 
1046 

10.52 
10.50 

1049 


*  Spacing  of  rivet  fines  of  web  greater  than  30  X  thickneiw  of  plate. 
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TABLE  SS,—CotUinued, 
Properties  of  Top  Chord  Sections. 


f 

TTI 

~1 

^ 

Properties 

of 

Top  Chord  Sectiona. 

4 

4."" 

'::zz 

f-H 

-f 

Six  Angles 
and 

Section 
Num- 
ber. 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

MomenU  of 
Inertia. 

Radii  of  Cyra- 
Uon. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Incbci. 

Inches. 

•2532 
2533 
2534 

Tl. 

3o;tt 

4X4xi 
« 

6x4xi 

6x4x1 

85.89 
88.89 
91.89 

0.38 

0.37 
0.36 

8806 
8950 
9094 

9526 
9832 
IOI35 

10.13 
10.04 
9.95 

10.53 
10.52 
10.50 

16^  X  30^'  Section.    A  Series.                                                                    | 

•2535 
•2536 

2537 

?!» 

3<«tt 

M 

4^J 

4X4x1 

4X4X* 

75.63 
78.88 
82.13 

2.47 
2.37 
2.27 

8220 
8421 
8623 

8157 
8499 
8834 

10.38 
10.32 
10.26 

10.38 

10.37 
10.36 

•2538 

•2539 

2540 

?!• 

3«H 

4x^A 

(C 

4X4XA 

80.60 
83.85 

1.98 

8559 
8757 
8953 

8363 
8704 
9038 

10.52 
10.43 
10.34 

10.40 
10.39 
10.38 

•2541 

•2542 

2543 

■?^ 

3<«H 

M 

4J^J 

4x^f 

4x^1 

79.07 
82.32 

85-57 

1.85 
1.78 
1.71 

8878 
9062 
9265 

8563 
8904 
9237 

10.59 
10.49 
10.40 

104I 
10.40 
10.39 

•2544 

•2545 

2546 

tl* 

3«tt 

4x^H 

M 

4x^tt 

80.75 
84.00 
87.25 

1.57 
1.51 

145 

9169 
9360 
9551 

8764 
9103 
9425 

10.65 
10.55 
10.45 

10.42 
IO41 
10.39 

•2548 
2549 

|ri. 

3«» 

4X4x1 

4x4x! 

4x^1 

82.39 
'At 

1.32 
1.27 
1.22 

9441 
9629 
9817 

8962 
9301 
9632 

10.70 
10.60 
10.50 

10.43 
10.42 
104I 

i6^Xjo^Sectioii.    BSeries.                                                                   | 

•2550  1  26x 

•2SSI  : » 

2SS«               1 

3«H 

M 

4X4xJ 

M 

4x41* 

« 

77.63 
80.88 
84.13 

2XA 
2J0O 
1.92 

8669 
8865 
9061 

8669 
9011 
9346 

10.56 
io46 
10.37 

10.57 
10.55 
10.53 

:*SS3     »6x| 
2555  1    "  1 

4x4xJ 

4x^A 

79.61 
82.86 

86.11 

1.73      90*2 
1.65  •  9238 

1.57  [  9434 

8939 
9280 
9614 

10.65 
10.55 
io46 

10.60 
10.58 
10.56 

•2556  i  afixf       3«» 
*»557           H  , 
2558'    -1    1       - 

4X4XJ 

4x^1 

81.57 
84^2 
88^ 

141 ;  9389 
1.36 1  9577 
1.31 1  9766 

9203 
9544 
9877 

10.72 

IOj62 

10.53 

10.62 
10.60 
10.58 

Spacing  of  nvct 

Hnesof  «c 

l>  greater  tlian  30  X  thickn 

nBofpbte. 

52 
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TABLE  S5.— Continued, 
Properties  op  Top  Chord  Sections. 


f 


■^ 


Properties 

of 

Top  Chord  Sectknia. 


4L 
4 


IJL 


P 


f 


Six  Angles 

and 

Three  Plates. 


S=I 


i 


Section 
Nuni' 
ber. 


•2559 

•2560 

2561 

♦2562 

•2563 

2564 


Plates. 


Web. 


Inches. 


26x1 
«  1 

26xi 

::t» 


Cover. 


Inches. 


3«H 
30xH 


Angles. 


Top. 


Inches. 


4^J 

« 

4J4xl 


Bottom. 


Outside. 


Inches. 


6x4xtt 

« 
CC 

6x4xf 


Inside. 


Inches. 


4^xH 


Gross 
Area. 


Inches*. 


83.49 
86.74 
89.99 

85.39 
88.64 
91.89 


Eccen- 
tricity. 


lyyhoy. 


I. II 

1.07 
1.03 

0.82 
0.80 
0.78 


Moments  of 
Inerda. 


Axis 
A-A. 


9707 
9894 
IO081 

lOOII 

I0I9S 
10379 


Axis 
B-B. 


Inches*. 


9468 
9807 
IOI39 

9730 
10069 
10400 


Radii  of  Gyia- 


Axis 
A-A. 


Inches. 


10.78 
10.68 
10.58 

10.83 
10.72 
10.62 


Axis 
B-B. 


10.64 
10.62 
10.61 

10.67 
10.65 
10.63 


a6"  X  30^'  Section.    C  Series. 


♦2565 

•2566 

2567 

♦2568 

♦2569 

2570 

♦2571 

•2572 

2573 

•2574 

•2575 

2576 

•2577 

•2578 

2579 


?l. 

30XH 

(1 

4X4XJ 

6x^J 

6X4XJ 

CC 

82^88 
86.13 

1.70 
1.63 
1.57 

9106 
9292 
9481 

8727 
9067 
9403 

10.69 
10.59 
10.49 

t}. 

4X4XJ 

6x^ft 

6x4,ft 

€1 

81.87 
85.12 
88.37 

1.33 
1.28 
1.24 

PIS 

9875 

9004 

10.76 
10.66 
10.56 

261} 

3-H 

4x4x1 

6^i 

it 

6x^1 

84.07 
87.32 
90.57 

0.99 
0.95 
0.91 

9870 
10056 
10243 

9275 
9614 
9946 

10.83 

10.73 
10.63 

t^ 

30XH 

4XJXJ 

CC 

6x4xH 

ft 
€€ 

6x^Ji 

86.23 
8948 
92.73 

0.66 
0.63 
0.61 

10212 

10397 
10582 

10215 

10.88 
10.77 
10.67 

If 

3<«tt 

4x^J 

6x4xJ 

C( 

6x4,1 

CC 

88.39 
91.64 

94.89 

0.37 
0.36 

0.35 

10530 
10723 
10897 

9817 
IOI54 
10483 

10.92 
10.82 
10.72 

1046 

10.45 
10.44 

10.48 
10.47 

1046 
10.50 

10.49 
10.47 

10.51 
10.50 

1049 
10.53 

10.52 
10.51 


26" 

X  3»"  Sectkm. 

2580 

26x} 

3«l 

43t4xJ 

6x4x1 

6x4x1 

84.94 

2.77 

9017 

10718 

10.30 

2581 

"t 

::f 

87.22 

2.39 

9498 

IIQ48 

1044 

2582 

CC 

89.50 

2.03 

9948 
10369 

"379 

10.54 

2581 

CC 

CC 

c< 

it      • 

'!  A 

91.74 

1.69 

1 1703 

10.63 

2S84 

i« 

C( 

93.94 

1.37 

10761 

12023 

10.70 

2585 

€€ 

u 

C( 

CC     ii 

"  i 

96.10 

1.06 

II124 

11466 

12338 

10.76 

2586 

C( 

M 

CC 

(c     i 

CC 

98.26 

0.80 

12652 

10.80 

11.23 
11.25 
11.27 

11.29 

11.31 

"33 
11.35 


*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickncM  of  plate. 
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TABLE  86. 
Properties  of  Top  Chord  Sections. 


f 

Extra  Heavy                            ^..        -                          .ft— 
Top  Chord  Sections.                     4                                      d 

JJLiJLl 

Eight  Angles  with 
Short  Legs  Turned  Out 

i 

Sec- 
Uon 
Num- 
ber. 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches.* 

Inches. 

Inches.* 

Inches.* 

Inches. 

Inches 

aa"  X  38"  Section. 

2901 
2902 
2903 
2904 
2905 
2906 

22XA 
"    i 
"    ft 
"    f 

l8Xi 

6X4XJ 
« 

« 

« 

6X4XJ 
u 

« 

« 

« 

6X6X1 
« 

u 
u 
tl 
tt 

6X6X1 

(( 

<i 

M 

99-94 
105.44 
110.94 
116.44 
121.94 
127.44 

0.65 
0.62 
0.59 
0.56 
0.53 
0.51 

7436 
7660 
7884 
8107 
8330 
8554 

9070 
9478 
9871 
10255 
10627 
10987 

8.62 
8.52 
8.42 
8.34 
8.26 
8.19 

9.53 
9.48 
9.43 
9.38 

9.33 
9.28 

24"  X  30"  Section.                                                                            | 

2907 
2908 
2909 
2910 
29x1 

24x1 
"  ft 
"  f 

"  H 
"  i 

JoXt 

« 
(1 

(( 

6X4Xi 

(( 
If 
« 

6X4Xi 

« 
<( 
l( 

(( 

6X6XJ 

« 
« 

6X6Xi 

« 
<l 
<l 
(( 

II9.51 
125.51 
131.51 
137.51 
143.51 

0.64 
0.61 
0.58 

0.55 
0.53 

107 10 

IIOOO 

II290 
II580 
II 870 

12874 
13413 
13934 
I4441 
14937 

^•47 
9.36 
9.27 
9.18 
9.10 

10.38 
10.34 
10.29 
10.25 
10.20 

a6"  X  3a"  Section. 

2912 
2913 
2914 
2915 

26Xft 

"  f 
"  i 

3«XI 

« 
« 

6X4XJ 

« 
(« 
« 

6X4Xi 

« 

6X6X} 

(( 

6X6Xi 

(1 
i« 

131.26 
137.76 
144.26 
150.76 

0.74 
0.70 
0.67 
0.64 

13505 
13874 
14243 
I46I3 

16638 

17335 
18015 
18682 

10.14 

10.03 

9.94 

9.85 

11.26 
11.22 
II.I7 
II.I3 

38"  X.34"  Section. 

2916 
2917 
2918 

28Xf 

"  n 

34X1 

<« 
«< 

6X4Xi 

(« 

6X4Xi 

« 
CI 

6X6X} 

« 

6X6X} 

« 

144.01 
151.OI 
158.01 

0.83 
0.79 
0.76 

I679I 
17253 
I77I5 

21238 
22126 
22997 

10.80 
10.69 
10.59 

12.14 
12.10 
12.06 

30"  X  36"  Section. 

2919 
2920 

30Xtt 

36X1 

« 

6X4XJ 

6X4Xi 

ii 

6X6X} 

6X6X1 

If 

157.76 
165.26 

0.92 
0.88 

20627 
2II96 

26810 
27920 

"44 
11.33 

13.03 
13.00 
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TABLE  87. 
Properties  of  Plate  Girders. 


Some  specifications  require  that  plate  girders  be  proportioned  by  the  moment  of  inertia  of 
their  gross  section  and  some  by  the  moment  of  inertia  of  their  net  section.  The  moment  of  inertia 
of  the  gross  section  can  be  obtained  by  direct  addition  from  Tables  j,  5  and  ^3.  The  moment  of 
inertia  of  the  net  section  is  obtained  by  subtracting  the  moment  of  mertia  of  the  holes  from  that 
of  the  gross  section.  The  moment  of  inertia  of  the  holes  can  be  calculated  by  the  formula  /  »  A^^ 
the  moment  of  inertia  of  the  holes  about  their  own  axis  being  negligible,  A^  being  the  diametral 
area  of  the  hole  and  A  the  distance  from  the  neutral  axis  to  the  center  of  the  hole. 

The  method  of  calculating  the  moments  of  inertia  of  plate  girders  will  be  illustrated  by  a  tsrpical 
examjple. 

Example:  Determine  the  moment  of  inertia  and  section  modulus  of  a  section  consisting  of 
4  angles  5  13  J"xJ",  long  legs  out,  24J"  back  to  back,  i  web  plate  24"xr',  2  cov.  plates  I2"xf ''. 

Moment  of  Inertia  and  Section  Modulus  of  Gross  Section. 


T«'Am 

b.  to  b.  Angles. 

Extreme  Fiber. 

Moment  of  Inertia,  Axis  A-A. 

Section  Modulus. 

item. 

d 

c 

Table. 

I 

S  »  I/e. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches". 

2  Cov.  PI.  12X1 

12.25  -f  0.625 

33 
3 

s 

2074 

4872 
12.875 

12.875 

Toul  /  = 

4872 

5  =  37«.4 

MomenI  of  Ine: 

rtia  of  Rivet  Holes  iX'  Itlvets,  \"  holes). 

Number. 

Size. 

Area. 

Dist.  to  ^  of 
Hole. 

Dlst.« 

A«h> 

Locatkm. 

tXd 

A«-t  Xd 

h 

h* 

Inches. 

Inches.* 

Inches. 

Inches*. 

Inches*. 

Web 

Flange 

2 

4 

,1X1 

Ifxi 

2.75 
4.50 

10.3 
12.3 

I06.I 
151.3 

292 
681 

Toul  - 

973 

The  Moment  of  inertia  of  the  net  section  is  4872  —  973  »  3899  tn.^,  and  the  section  modulus 
is  3899  •*-  12.875  =  ^02.8  in.». 

^proximate  Methods. 

lAe  use  of  the  moment  of  inertia  of  the  net  section  in  proportioning  plate  girders,  requires 
that  holes  in  the  compression  flange  be  deducted  as  well  as  those  in  the  tension  flange.  This  only 
approximates  the  true  condition  so  that  great  accuracy  in  calculating  the  moment  of  inertia  of  the 
net  section  does  not  seem  warranted.  'Die  following  approximate  solutions  give  results  which  are 
sufficiently  accurate  for  use  in  design. 

xst  Approximate  Method: 

Net  /  of  Angles  -  Gross  /  X  g^^^^  "  *^+  X  |^  -  1556     Table  33. 

Net  /  of  Web  PI.  -  Gross  /  of  Net  Depth  -  /  of  22"  X  |"  PI.  «  333         "       3. 

Net  1  of  Cov.  Pis.  -  Gross  /  of  Net  Width  -  /  of  2  -  10"  X  I"  PU.  -  1972         "       5. 

Tout  Moment  of  Inertia  of  Net  Section  »  3861  in.* 

ad  Approximate  Method: 

Net/  -  Gross/  X  n^^^?^   -  4872  X  ^^^  -  3989  in.« 
Gross  Area      ^  40.00      '^^ 

This  method  gives  more  accurate  results  for  sections  without  cover  plates. 
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TABLE  88. 

Centers  op  Gravity  of  Plate  Girder  Flanges. 

chicago,  milwaukee  &  st.  paul  ry. 


c 

C 

1                          1 

... 

csr. 

— '        \[ 

_L._ 
[ 

j^s 

.-1.-J 

fi 

7' 

' 

:j 

^ 

^                   7y/>e3 

TYPE  I. 

TYPE  2.                                           1 

Two  Top 

Two  6''z4"  Bottom  Angles. 

Two  Top 

Four  6"x4"  Bottom  Angles. 

Thickness  in  Inches. 

Thickness  in  Inches. 

Angles. 

_     Angles. 

1 

\ 

1 

1 

S 

i 

1 

A 

1 

\ 

i 

Inches. 

In. 

In. 

In. 

In. 

In. 

Inches. 

In. 

In. 

In. 

In. 

In. 

In. 

8X8XJ 

3.81 

4.12 

4-35 

455 

470 

8X8Xi 

S.I2 

5.53 

5^69 

5.85 

6.07 

6.27 

3.62 

3.90 

^•!2 

4.30 

4-45 

4.81 

5-22 

5.40 

5.54 

579 

5.98 

349 

375 

3.96 

4.13 

4.27 

; 

4.59 

4.99 

5.16 

530 

5-55 

5.75 

3.39 

3.70 

3.83 

3.99 

4^13 

■ 

4.42 

4.80 

4.96 

5.II 

5^25 

5.57 

I 

3.33 

355 

3.73 

3.89 

4.03 

I 

4.28 

465 

4.81 

4.96 

5^19 

541 

It 

3.28 

348 

3.67 

3.81 

3.94 

»i 

4.38 

4.53 

4.66 

4.82 

S.06 

5.26 

TYPE  3.                                                                                         1 

Width 

Sixe 

of 

ThldmesB  of  Plate.  Inches. 

of  Angles. 

Plate. 

In. 

In. 

0 

i 

\ 

1 

} 

i 

Z        I 

1    xi 

If 

I* 

i| 

If 

IS 

a 

2\ 

3 

6X6X1 

13 

1.68 

1. 12 

I   .98 

.86 

73 

.63 

.52.^ 

^3  .33 

•24 

.15 

.07 

—  .02 

—.10 

-.18 

14 

1.0S 

}    95 

.82 

.70 

•59 

48.: 

19  .29 

.20 

.11 

.03 

-.06 

-.14 

-.22 

15 

1.0; 

r   .92 

.79 

.66 

•55 

45  •: 

\5  .25 

.16 

.07 

—  .01 

—.10 

-.18 

-.26 

16 

1.04 

[   .89 

75 

.63 

.52 

.41.1 

\i  .21 

.12 

.04 

-.05 

-.13 

—  .21 

-•29 

6X6X1 

13 

1-73 

1.24 

^i.ii 

•99 

.87 

'77 

.67 .« 

17    47 

.38 

.30 

.21 

.13 

.04 

-.04 

14 

1.21 

1.08 

.95 

.83 

•V 

.63 .« 

;3    43 

•34 

.25 

.17 

.08 

.00 

-.08 

15 

I.I5 

1.05 

.92 

.80 

.69 

.59.-^ 

^9  -39 

•3? 

.21 

.13 

.04 

-.04 

—.12 

16 

I.I( 

>1.02 

.89 

77 

.65 

•55.^ 

%:^ 

.26 

•17 

.09 

.00 

-.08 

-.16 

6X6Xi 

13 

1.78 

1.34 

^I.2I 

1. 10 

.99 

.89 

.79  .< 

•51 

•42 

.34 

.25 

.16 

.09 

14 

1.3 1 

1.18 

1.07 

•95 

.85 

.75  .< 

>S    .'55 

.46 

•38 

.29 

.20 

.12 

.05 

15 

I.2S 

M.lS 

1.03 

•9J 

.81 

.71 .( 

)i    .51 

.42 

•33 

.25 

.16 

.06 

.00 

16 

i.2e 

)i.i3 

1. 00 

.88 

.78 

.67 ..« 

>9   47 

.38 

.29 

.21 

.12 

.03 

-.04 

6X6X1 

13 

X.82 

1.4a 

.  1.30 

1.19 

1.09 

•99 

.89  .i 

k)   71 

.62 

.54 

45 

.37 

.29 

.21 

14 

1.3s 

M.27 

1.16 

1.0S 

.95 

.85.; 

fb   .66 

.57 

49 

.40 

.32 

.24 

.16 

15 

1.37 

rl.24 

1.13 

1. 01 

.91 

.81.; 

72     .62 

•53 

•44 

•36 

•27 

.19 

.11 

16 

i.3f 

1.22 

1. 10 

.98 

•87 

.78 .( 

>8    .58 

.49 

40 

.32 

.22 

•H 

.07 

8X8XJ 

17 

2.19 

M« 

11.32 

1.17 

1.03 

•9? 

.78 

.56 

.36 

.17 

—  .01 

-•33 

-•^i 

18 

M< 

>  1.29 

1.14 

1.00 

.86 

.74 

•52 

•32 

.13 

-.04 

-.37 

-.68 

8X8Xf 

17 

2.23 

1.63 

1.47 

1.32 

1.19 

1.07 

.95 

•73 

.53 

.34 

•17 

-.16 

-48 

18 

i.6c 

>i.44 

1.29 

LIS 

1.02 

.91 

.69 

/ 

49 

.30 

.12 

—.21 

-.52 

8X8X1 

17 

2.28 

i-7« 

;i.6o 

1.46 

1-33 

1.22 

1. 10 

.88 

.68 

46 

.31 

—  .02 

-.36 

18 

1.7: 

ti.57 

1.43 

1.29 

1.17 

1.06 

.84 

•64 

t 

.27 

-.06 

-.40 

8X8X1 

17 

2.32 

1.81 

JI.71 

I.S7 

1.45 

1-33 

1.22 

1.00 

.81 

45 

.11 

—.20 

18 

1.8] 

1.67 

141 

1.29 

I.I8 

.96 

77 

•57 

40 

.07 

-.25 

8X8X1 

17 

2.37 

1-9^ 

^I.8o 

1.68 

1.55 

1.45 

1.35 

1.13 

•94 

75 

.58 

.25 

-.08 

18 

1.9c 

)i.76 

1.64 

1.51 

1.40 

1.30 

1.09 

.89 

71 

.53 

.20 

—.12 

8X8X1J 

17 

2.41 

2.0: 

t  1.89  1.77 

1.66 

1.55 

1.45 

1.25 

1.05 

.87 

.70 

.36 

.06 

18 

1.9J 

J  1.85  1.73 

1.62 

1.50 

1.40 

1.20 

1.00 

.83 

.65 

.32 

.01 
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TABLE  89. 
Upset  Screw  Ends  for  Square  Bars, 
american  bridge  company  standard. 


IE 

Ill 

Hi' 

■ 

1 

{♦ 

Pitch  and  Shape  of  Thread  A 

— -«- * 

L.  B.  Co.  Standard. 

BAR. 

UPSET. 

Side  of 
Square 

d* 
iDcbe*. 

Area, 

Sq. 

Inches. 

Weight 

Foot. 
Lbs. 

Diameter 

b. 

Inches. 

Length 
Inches. 

AddiUonal 
Length 

for 
Upset 

£ih2: 

Diameter 

at 
Root  of 
Thread 

c. 
Inches. 

Area. 

At  Root 

of 

Thread. 

Sq.  Inches. 

Excess 

Over 

Area  of 

Bar.%. 

*} 

0.563 

I.91 

li 

4 

0.939 

0.693 

23.2 

*i 

0.766 

2.60 

li 

3i 

1.064 

0.890 

16.2 

I 

1.000 

3.40 

li 

4 

1.283 

1.294 

29.4 

It 

1.266 

4.30 

If 

3i 

1.389 

I.515 

19.7 

li 

1563 

S.31 

li 

4i 

4i 

I.615 

2.049 

31.1 

li 

I.89I 

6.43 

2 

4i 

4 

I.71I 

2.300 

21.7 

li 

2.250 

7.65 

2l 

5 

1. 961 

3.021 

34.3 

If 

2.641 

8.98 

2i 

4i 

2.086 

3419 

29.5 

li 

3.063 

10.41 

2i 

5i 

4i 

2.I7S 

3.716 

21.3 

li 

3.516 

11.95 

2i 

5i 

5 

2425 

4.619 

31-4 

2 

4.000 

13.60 

2i 

6 

5 

2.550 

5.108 

27.7 

2* 

4.516 

15.35 

3 

6 

4i 

2.629 

5428 

20.2 

»i 

5.063 

17.21 

3l 

6J 

5i 

2.879 

6.509 

28.6 

*f 

5.641 

19.18 

3i 

7 

6i 

3.100 

7.549 

33.8 

»J 

6.250 

21.25 

3i 

7 

7 

3.317 

8.641 

38.3 

2l 

6.891 

*343 

3i 

7 

5i 

3.317 

8.641 

25.4 

2l 

7.563 

25.71 

4 

7i 

6i 

3.567 

9.993 

32.1 

2l 

8.266 

28.10 

4i 

8 

7i 

3.798 

11.330 

37.1 

3 

9.000 

30.60 

4l 

8 

6 

3.798 

11.330 

25.9 

3i 

9.766 

33.20 

4i 

8i 

7 

4.028 

12.741 

30.5 

3i 

10.563 

35-91 

4} 

8i 

7l 

4.255 

14.221 

34.6 

UpM 

ts  marked 

*  are  spec! 

al. 
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TABLE  90. 
Upset  Screw  Ends  for  Round  Bars, 
american  bridge  company  standard. 


1 

^^♦tt»t 

ill 

ill 

► 

' 

• 

31 

» 

K- 

<^ — 

WWmri 

-L 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standaid. 

BAR. 

UPSET. 

Diameter 

d. 
Incbo. 

Sq. 
Inches. 

Weight 

per  Foot. 

Lb. 

Diameter 

b. 

Inches. 

Length 

a. 
Inches. 

Additional 

Length 

for  Upset 

Diameter 
at  Root 

of  Thread 

c. 

Inches. 

Area. 

At  Root 
of  1  bread. 
Sq.  Inches. 

Excess 
Over  Area 
of  Bar.  %. 

M 

0.442 

1.50 

I 

4 

4 

0.838 

0.551 

247 

•i 

0.601 

2.04 

li 

4 

5 

1.064 

0.890 

48.0 

I 

0.785 

2.67 

i| 

4 

4 

1.158 

1.054 

34.2 

It 

0.994 

3.38 

ij 

4 

4 

1.283 

1.294 

30.2 

li 

1.227 

4.17 

If 

4 

4 

1.389 

1.515 

23.S 

il 

1.485 

5.05 

li 

4 

4 

1.490 

1.744 

17.5 

li 

1.767 

6.01 

2 

4i 

4i 

I.71I 

2.300 

30.2 

If 

2.074 

7.05 

2| 

4i 

4 

1.836 

2.649 

27.7 

1} 

2.405 

8.18 

2i 

5 

4 

1. 961 

3.021 

25.6 

li 

2.761 

9.39 

2» 

S 

4 

2.086 

3.419 

23.8 

2 

3.142 

10.68 

2j 

5l 

4 

2.175 

3.716 

18.3 

2* 

3547 

12.06 

2| 

Si 

3J 

2.300 

4.156 

17.2 

»i 

3.976 

13.52 

2l 

6 

4J 

2.550 

5.108 

28.4 

»l 

4430 

15.06 

3 

6 

4i 

2.629 

5.428 

22.5 

^i 

4.909 

16.69 

3i 

6J 

5i 

2.879 

6.509 

32.6 

ii 

5.412 

18.40 

3i 

61 

4i 

2.879 

6.509 

20.3 

2i 

5.940 

20.19 

3l 

7 

5J 

3.100 

7.549 

27.1 

2i 

6.49a 

22.07 

3i 

7 

6 

3.317 

8.641 

33.1 

3 

7.069 

24.03 

3* 

7 

5 

3.317 

8.641 

22.2 

3l 

7.670 

26.08 

4 

7i 

6 

3.567 

9-993 

30.3 

3i 

8.296 

28.21 

4 

71 

5 

3.567 

9-993 

20.5 

3» 

8.946 

3042 

4l 

8 

5J 

3.798 

11.330 

26.6 

3i 

9.621 

32.71 

4l 

8 

5 

3.798 

11-330 

17.8 

3l 

10.321 

35.09 

4i 

81 

Si 

4.028 

12.741 

23.4 

3i 

11.045 

37-55 

4i 

81 

6 

4.255 

14.221 

28.8 

3} 

".793 

40.10 

4i 

8J 

Si 

4.25s 

14.22! 

20.6 

Upsc 

'ts  marked 

*  are  special. 
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TABLE  91 

Standard  Eyb  Bars 

American  Bridgb  Company  Standards 


Ordinary  Eye  Bars 


Bar 


Thick- 


Head 


i 


.11 


Max.  Pin      Add.  Material  A 


^ 


37S 


I-  o 
I-  4 


o-  7 

O-II 

JtL± 


Adjustable  Eye  Bars 


K-vl- 


L^lf>w-B->} 


Bar 


Screw  End 


4 

i 


li 

2 


36.6 
.ill 


Add.  Material  B 


i 


II- 


12 
12 
II 


£-3 

£5 


8 


7 

*  8 


i 


40.0 


I-  3 

1-  7 

2-  o 


O-IO 
I-  2 

I-  7 


2» 


41.2 
38.1 
36.7 


4i 

5 


12 
12 

12 


8 
8 
7J 


Ii 


7* 


41.7 


1-6 
i-ii 


I-  I 

I-  5 

I-IO 


1 


34-3 
41.6 

^3  9 


12 
13 
13 


Ii 


10 


10 

II 

♦12 


t 


37.5 


i-ii 
2-  3 

2-  8 


1-  6 
i-io 

2-  2 


12 
13I 


350 


♦i6t 


8i 


2-  I 
2-  8 


1-  8 

2-  2 
2-9 


I 
Ii 


37.5 


2-  6 

3-  2 


I- 10 
2-  I 
2-  8 


1 

I 

It 
ii 


23.9 
32.0 
35.7 


6i 


i6i 

I7i 

»i8} 


35.7 


2-  7 
2-1 1 

3-4 


2-  2 
2-  6 
2-1 1 


18 

19 
♦20 


37.5 


2-  8 
3-0 

3-  4 


2-  6 
2-1 1 


♦i 
li 

li 
If 


20 
♦22 


22* 
24 
♦25 


3 


38.9 


^11 

3-  7 


2-  6 
JU. 


•I» 

:t 

■i 


9 


350 


3-  5 
3  ^ 

4-  1 


26J 

28 

*29i 


10 

Hi 

13 


37.5 


3-« 
4-  2 


2^10 
3-  3 
Jl-L 


3-  3 
3-8 


♦ij 
ij 
If 
If 
If 


36.2 
24.1 
30.2 
34.2 
j8j_ 


6 

6 

6J 

7 

7 


13 
II 

13 

Jl. 


8i 

_2L 


25.8 
28.0 
33.2 
-IZJ- 


12 
II 
12 
13 
J±- 


7 

8 
8} 

J2- 


7 
8 


26.9 
29.5 
324 


7* 
8 

ii 


12 
12 
13 


7* 
8 

8J 
J2L 


25.9 

274 
29.3 

31.4 

35.2 


8 

8J 

81 


12 

13 

14 

JdL 


8 
8J 

Jl 


12 
13 
13 
14 
15 


8 

!l 

9 
10 


31 

33 

•34 


36 
•37I 


12 
14 
15- 


35-7 


4-  3 
4-10 


3-9 
4-  4 


'te 


37.5 
344 


4-1 1 

5-5 


4-  5 
4-10 


Bars  marked  *  should  only  be  used  when  ab- 
solutely unavoidable. 

Deduct  Pin  Holes  when  figuring  weights. 


Ban  marked  *  should  only  be  used  when  un- 
avoidable. 

Minimum  length  of  short  end  from  center  of  pin 
to  end  of  screw  6'-6".  preferably  7'-o". 

Thread  on  short  end  to  be  left  hand. 

Deduct  Pin  Holes  when  figuring  weights. 
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TABLE  92. 

Loop  Rods. 

american  bridge  company  standard. 


,££i^4fh 


kp-N 


Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard. 

Additional  Length  ''A"  in  Feet  and  Inches  for  One  Loop. 

A  «  4.Z7P  +  5.89R. 


Diam.- 

of  Pin. 

P. 


Diameter  or  Side  "R"  of  Rod  in  Inches. 


li 


li 


I* 


If 


If 


li 


li 

\l 
If 
if 


si 

:il 

s 

4 


♦6} 

41 


0-  9J 

O-IO 
O-II 

1-  o 

I-  I 

I-  2 
I-  3 

I-  4 


1-6 
i-9i 


O-IO 

o-ioj 

O-Ili 

i-oj 

I-Il 

I-  3 
1-4 
I-  5 

1-6 

I-  7 

1-  8 
1-9 

i-io 

i-ii 

2-  o 

2-  I 

2-2I 


O-II 
O-IlJ 

I- 
I-  I 

I-2J 

i-3i 
1-44 
I-  5* 

I- 6  J 
1-8J 


i-ii 

2-  o 
2-  I 
2-  2 

2-  3 

2-  4 

2-  6 

2-7 


o-iii 

I-  o 
I-  I 
I-  2 

I-  3 

1-4I 

1-  Sl 
1-6J 

1-7J 
i-8| 
i-ioj 
i-iij 

-°\ 

2-  2j 

a-  3J 

2-  6 
2-  7 

2-  8 

2-  9 
2-10 
2-1 1 

3-0 


I-  I 
I-  2 
I-  3 

1-4 

;:i 

1-7 
I-  8 

I-  9 
i-io 
I-II 

2-Oi 


2-lJ 
2-  2j 


2- 

2-3i 
2-4i 


2-  8i 


2-  9i 

2-IoJ 


2-  ' 

2- 
3-0 


I-2J 

I-  3* 
1-4I 

i-5i 

I-  7 
I-  8 


1-  9 

I-IO 

I-II 

2-  o 

2-  I 

2-  2 
2-  3 
2-4 

2-  5 

2-6 
2-  7^ 
2-8i 

2-9i 

2-I( 
2-1 

3-1I 


1-4J 
i-sJ 

i-8t 

i-9i 
i-ioi 

I-IlJ 
2-Oi 

2-  2 

2-  3 
2-4 
2-  5 

2-6 

2-  7 

2-  8 
2-9 

2-10 

2-1 1 

3-  o 
3-  I 

3-2i 


I-  5 

1-6 

I-  7 

1-  8 

i-9i 
i-ioj 
i-iii 

j:n 

2-  2I 

2-  31 

2-4i 
2-  si 

2-6i 

2-7J 

2-  9 
2-10 

2-1 1 

3-0. 

3-  I 
3-  2 

3-  3 


1-6 

I-  7 

1-  8 
1-9 

I-IO 

I-II 

2-  o 
2-  I 
2-  2 

2-  3 


2-  7J 

2-8J 

2-  9J 

2-IOj 
2-1 1  i 

1:?! 

3-  2j 
3-3* 


i-7i 

1-81 
1-9J 


2-  o 

2-  I 
2-  2 
2-  3 

2-  4 

2-  6 
2-7 

2-  8 

2-9 
2-10 
2-1 1 J 

3-oi 

3-  iJ 
3-  2i 
3-  3* 

3- 4* 


i-8i 

I-IOJ 

»-o§ 

i-Ii 

2-  2i 

*-  3i 

2-4§ 

2-  6 
2-  7 
2-  8 


2-  9 

2-10 

2-1 1 
3-0 

3-  I 

3-  2 
3-  3 
3-4 

3-  S 


Pins  marked  ♦  are  special.    Maximum  shipping  length  of  "L"  =  35  feet. 
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TABLE  93. 

Clevises. 

american  bridge  company  standard. 

All  dimensions  in  inches. 


!  Clearance  Line 


Grip  -  thickness  of  plate  +  }". 


Head. 

i 

li 

D 

T 

3 

4 

5 

6 

7 

Diameter 

of  Pin, 

P. 


Max.      Min. 


W 


A 


D&meter 
of  Upset. 


Max.     Min. 


Nut. 


II 


II 


1} 

2 

3 
3i 


I 

.2 
2i 


»1 

3 

3) 


3A 
3f 

si 

6A 


li 

2l 

3i 


It 

2i 
2i 


I 
li 

li 

2 
2i 


li 

li 

2i 

2i 

3 


2i 

2i 

3i 
4i 

5 


4 

8 

i6 

26 

36 


Clevis  Numbeks  fok  Various  Rods  and  Pins. 


Rods. 


Pin*. 


Round.  Square.  UiMct. 


li 


>i 


U 


H 


li 


>l 


3) 


3i 


I 

li 
li 
li 
li 
If 
li 
li 
2 

2i 

2i 
2| 


li 


It 


li 
It 
li 
•i 


2i 

2i 
2i 
2i 
2i 
2i 


Qeviset  to  be  used  with  the  Rods  and  Pins  given  above. 

Clevises  above  and  to  right  of  zigzag  line  may  be  used  with  forks  straight,  those  below  and  to 
left  of  this  line  should  have  forks  closed  so  as  not  to  overstress  pin. 
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TABLE  94. 

TUSNBUCKLES  AND  SlEEVB   NuTS. 
AlCBRICAN  BRIDGE   COMPANY  STANDARD. 

All  Dimensions  in  Inches. 


TURNBUCKLES. 

SLEEVE 

NUTS. 

•r'^l 

1    •*  ■    ! 

(l^iiirCaLfSJrt. 

1 

hM-        !^-..^-.— ^ 

A  -  6"^:  A  -  9^9  for  tumbnrkks  marked  \ 
Pitch  and  shape  of  thread.  A.  B.  Co.  Standard. 

Pitch  and  shape  of  thread.  A.  B.  Co.  Standard. 

EMam. 

of 

Screw. 

U 

Standard  Dimensions. 

^(S 

Dlam. 
of 

U 

Standard  Dimenaknu. 

^1 

D 

L 

C 

t 

G 

B 

D 

L 

A 

B 

c 

t 

} 

X 

7* 

7ft 

7l 

7H 

7i 

8i 

8| 

Jg 

ft 

i 
i 

i 

tA 

I 

\ 

H 

1 

ft 

I 

} 

f 

i 

tI 

I 

A 

u 

a 

A 

I 

fA 

ll 

f 

H 

H 

ft 

tt 
f 

I 

tA 

l\ 

1 

^\ 

tA 

i. 

I 

2 

2 

1 

ift 

li 

2i 

3 

i 

li 

7 

If 

If 

II 

i 

I 

li 

9 

1ft 

ft 

li 

2ft 

4 

I 

li 

7 

If 

If 

il 

i 

It 

iH 

9l 

Ift 

i 

li 

2ft 

S 

li 

If 

7i 

2 

2ft 

If 

ft 

li 

iJ 

9} 

Ift 

i 

li 

2} 

6 

li 

If 

7i 

2 

2ft 

If 

ft 

li 

2A 

IO| 

iH 

i 

If 

3ft 

7 

I| 

2 

8 

2f 

2f 

If 

i 

il 

2i 

lOj 

li 

f 

1} 

3ft 

8 

Ij 

2 

8 

2f 

2f 

If 

t 

6 

If 

*A 

loi 

2 

i 

If 

3i 

10 

If 

2i 

8i 

if 

3ft 

II 

ft 

8 

li 

2f 

iii 

2* 

1 

2 

3i 

II 

If 

2i 

8i 

2f 

3ft 

II 

ft 

9 

li 

aH 

III 

2ft 

H 

2l 

3i 

12 

li 

2i 

9 

•3i 

3f 

2l 

i 

10 

a 

3 

12 

2i 

H 

2i 

4i 

14 

2 

2i 

9 

3i 

3f 

2l 

i 

11 

2i 

3A 

I2| 

2i 

H 

2i 

4i 

17 

li 

2f 

9i 

3i 

4ft 

2f 

ft 

14 

^\ 

3i 

I2j 

2H 

H 

2j 

4f 

20 

2i 

2f 

9i 

3i 

4ft 

2f 

ft 

IS 

2| 

3ft 

I3t 

2i 

H 

2i 

4i 

22 

2i 

3 

10 

3i 

4i 

2f 

f 

18 

^\ 

3i 

13J 

3ft 

» 

3 

Sf 

as 

2i 

3 

10 

3i 

4i 

2f 

f 

19 

ai 

4i 

I4i 

3i 

U 

3i 

Sf 

33 

2i 

3i 

lOj 

4i 

4« 

2l 

H 

23 

af 

4ft 

I4t 

3ft 

Ift 

3i 

6ft 

36 

2i 

3i 

II 

4f 

Sf 

3l 

i 

27 

3 

4l 

IS 

3l 

Ift 

3} 

6f 

40 

3 

3i 

II 

4t 

Sf 

3l 

f 

28 

3i 

4} 

isi 

3} 

Ift 

4 

61 

50 

3i 

3f 

iii 

S 

sH 

3f 

H 

3S 

3i 

Si 

16J 

4i 

Ift 

4 

7l 

65 

3i 

4 

12 

Sf 

6i 

3f 

I 

40 

3i 

5l 

i7i 

4ft 

Ift 

S 

8i 

95 

3i 

4i 

I2i 

sf 

6H 

3l 

H 

47 

4 

6 

18 

4l 

Ift 

s 

8f 

108 

4 

4i 

13 

61 

7ft 

4l 

I 

iS 

*4l 

6i 

2.J 

4l 

If 

sft 

9l 

140 

4i 

4f 

I3i 

6i 

7i 

4f 

Ift 

6S 

•4* 

6} 

2»i 

Si 

1} 

6J 

lof 

195 

4i 

S 

14 

61 

7tt 

4f 

Ift 

7S 

•4i 

7l 

t-A 

Sf 

6 

2 

<Si 

iii 
III 

205 

250 

*s 

7J 

H 

2i 

6i 
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TABLE  95. 

Bridge  Pins  and  Nuts. 

american  bridge  company  standard. 

All  Dimensions  in  Inches. 


i ^    " 

•9         i 


To  obtain  grip,  add  A"  for  each  bar.    Nuts  threaded  6  threads  per  ioth. 
To  obtain  distance  between  shoulderB.  add  amount  given  in  table  to  grip. 


Diameter  of  Pin, 
d. 


Pin. 


Thread. 


I| 

2 
2| 

J. 

5 

5 
5 

6 
6 
6 


I 
It 

u 

2 
2 
2 
2 
2 


Add 

to 

Grip. 


Nut. 


Thirt- 
1 


Diameto'. 


ii 

Si 

6i 

7 
7i 

8 
8 
9 


ll 

% 

8} 

9} 
lo 

Iti 


2| 

4l 

6 

B 


Depth 

t 


Diam- 
eter 
Eou^b 
Hde. 


'ft 

4H 


I.I 
1.7 
2-5 

6.2 

7.8 

9-9 
1 1.8 
14.3 
18.6 
23.8 
311 


Pattern 
No. 


PN21 
FN  22 
FN  23 
FN  24 
FN  25 
FN  26 
FN  27 
FN  28 
FN  29 
FN  30 
FN  31 
FN  32 
PN33 


Fins  marked  *  are  special. 
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TABLE  96. 

Cotter  Pins. 

american  bridge  company  standard. 

All  Dimensions  in  Inches. 


!                         t 

|1 

1      li 

;                 1 1    , 

T 

p 

I 


HOKUONTAL  OR  VERTICAL  PiN    PlNISHBD. 


HotizofNTAL  Pm  Rough  or  Pinishrd. 


Pin. 


li 

If 

2 

;i 

3 

^\ 

3i 


Head. 


1} 

li 

i! 


a 
•c 
O 


Cotter. 


5! 


Pin. 


•c 


Cotter. 


3 

11 

4 
5 

I 

6 
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TABLE  97 
Bearing  Values  of  Pins. 


Pin. 

Bearing  Value  of  Plate  z" 

Thick  for  Unit  Streaa  per  Square  Inch  of 

Diam.  of  Pin 
in  In. 

Diam.  in  In. 

Area. 

12  000 

15  000 

20  000 

22  000 

24  000 

I 

li 
i} 
li 

.785 
1.227 
1.767 
2.40s 

12  000 
15  000 
18  000 
21  000 

15  000 

18  800 
22  500 
26  300 

20  000 
25  000 
30  000 
35  000 

22  000 
27  500 
33  000 
38  500 

24  000. 

30  000 
36  000 
42  000 

I 

2 

2i 

2j 

2} 

3.142 
3.976 
4.909 
S-940 

24  000 
27  000 
30  000 

33  000 

30  000 
33  800 
37  500 
41  300 

40  000 

45  000 
50  000 
55  000 

44  000 
49  500 
55  000 
60  500 

48  000 
54000 
60  000 
66  000 

3 

3i 
3i 
3i 

9.621 
11.045 

36  000 

39000 

42  000 
45  000 

48  800 

Si  500 

56  300 

60  000 
65  000 
70  000 
75  000 

66  000 
71  500 
77  000 
82  500 

72  000 
78  000 
84000 
90  000 

3* 

4 

4* 
4i 

12.566 
14.186 

15.904 
17.721 

48  000 
51  000 
54  000 
57  000 

60  000 
63  800 
67  500 
71  300 

80  000 
85  000 
90  000 
95  000 

88  000 
93  500 
99  000 
104  500 

96  000 
102  000 
108  000 
114  000 

4- 

5, 
si 
si 
51 

23.758 
25.967 

60  000 
63  000 
66  000 
69  000 

75  000 
78  800 
82  500 
86  300 

100  000 
105  000 
no  000 
115  000 

no  000 
115  500 
121  000 
126  500 

120  000 
126  000 
132  000 
138  000 

5I 

6 
6} 

28.274 
30.680 
33.183 
35-785 

72  000 
75  000 
78  000 
81  000 

90  000 

93  800 

97  500 

101  300 

120  000 
125  000 
130  000 
135  000 

132  000 
137  500 
143  000 
148  500 

144000 
150000 
156  000 
162  000 

6 
6i 
6| 
6} 

7 
7l 
7i 
7i 

38.485 
41.282 

44.179 
47.173 

84  000 

87  000 

93  000 

105  ooo 
108  800 

112  500 
116  300 

140  000 
145  000 
150  000 
155  000 

154000 
159  500 
165  000 
170  500 

168  000 
174  000 
180  000 
186  000 

7 

7i 

7i 
7i 

8 

8i 

50.265 

53.456 

56.745 
60.132 

96  000 

99  000 

102  000 

105  000 

120  000 
123  800 
127  500 
131  300 

160  000 
165  000 
170  000 
175  000 

176  000 
181  500 
187  000 
192  500 

192  000 
198  000 
204  000 
210  000 

8 
8i 
8 
8| 

9 

9I 
9I 

63.617 
67.201 
70.882 
74.662 

108  000 
III  000 
114  000 
117  000 

138  800 
14a  500 
146  300 

180  000 
1B5000 
190  000 
195  000 

198  000 
203  500 
209  000 
214  500 

216  000 
222  000 
228  000 
234  000 

9 

9 
9i 

10 
loj 
10} 
loj 

78.540 
82.516 
86.590 
90.763 

120  000 
123  000 
126  000 
129  000 

150  000 
153  800 
157  500 
161  300 

200  000 
205  000 
210  000 
215  000 

220  000 
225  500 
231  000 
236  500 

240  000 
246  000 
252  000 
258  000 

10 

lol 

10 

10} 

II 

III 
III 

95.033 

103.869 
108.434 

132  000 
135  000 
138  000 
141  000 

165  000 
168  800 
172  500 
176  300 

220  000 
225  000 
230  000 
235  000 

242000 
247  500 
253  000 
258  500 

264  000 
270  000 
276  000 
282  000 

II 
11} 
iif 
III 

12  • 

113.097 

144  000 

180  000 

240  000 

264  000 

288  000 

12 
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TABLE  98 
Bending  Moments  on  Pins. 


Pin. 


EKam. 
in  In. 


:i 

2 

4 
4l 
4} 
4I 


1! 


6i 

7. 

7i 

7i 

8 

81 

8i 

8} 


ID 
II 

"J 
III 


Area. 


.785 
1.227 
1.767 
2.40s 

3.142 
3.976 
4909 
5.940 

7.069 

8.296 

9.621 

1 1.04s 

12.566 
14.186 
15904 
17.721 

19.635 
21.648 
23.758 
25.967 

28.274 
30.680 
33.183 
35.785 

38.485 
41.282 
44179 
47.173 

50.265 
53-456 
56.745 
60.132 

63.617 
67.201 
70.882 
74.662 

78.540 
82.516 
86.590 
90.763 

95033 

99.402 

103.869 

108.434 

113.097 


Max.  Momenta  in  Inch-Pounds  for  Fiber  Stress  per  Square  Inch  of 


15  000 


1  470 

2  880 

4  970 
7  890 

11' 800 
16  800 
23  000 
30  600 

39  800 
50  600 
63  100 
77  700 

94  200 
113  000 
134  200 
157  800 

184  100 
213  100 
245  000 
280  000 

318  100 
359  500 
404  400 
452  900 

505  100 
561  200 
621  300 
685  500 

754000 
826  900 
400 


18  000 


I  770 
3  450 
5  960 
9  470 

14  100 
20  100 
27  600 
36  800 

47  700 
60  700 
75  800 
93  200 

113  100 
135  700 
161  000 
189  400 

220  900 
255  700 
294  000 
336  000 

381  700 
431  400 
485  300 
543  500 

606  100 
673  400 
745  500 
822  600 

904  800 

992  300 

I  085  300 

5001  183  900 

073  500  I  288  200 
165  500^1  398  600 
262  600  I  515  100 
364  900  I  637  900 


I  472  600  I  767  100 

1  585  90o!i  903  000 

I  704  700  2  045  700 

I  829  4002  195  300 

1  960  1002  352  100 

2  096  8002  516  100 
2  239  7002  687  600 

2  866  700 


2  388  900 
2  544  700 


I  960 

6  630 
10  500 

15  700 

22  400 
30  700 
40  800 

S3  000 

67  400 

84  200 

103  500 

125  700 
150  700 
178  900 
210  400 

245  400 
284  100 
326  700 
373  300 

424  100 
479  400 
539  200 
603  900 

673  500 
748  200 
828  400 
914  000 

I  005  300 

I  102  500 

I  205  800 

I  315  400 

I  431  400 

I  554  000 

I  683  500 

I  819  900 

1  963  500 

2  114  500 
2  273  000 
2  439  200 

2  613  400 
2  795  700 

2  986  200 

3  185  200 


3  053  6003  392  900 


22  000 


2  160 

4  220 

7  290 

II  580 

17  280 
24  600 
33  700 
44900 

58  300 

74  joo 

92  600 

113  900 

138  200 
165  800 
196  800 
231  500 

270  000 
312  500 
359  300 
410  600 

466  500 
527  300 
593  100 
664  300 

740  800 

823  100 

911  200 

I  005  400 

I  105  800 

I  212  800 

I  326  400 

I  446  900 

I  574  500 
I  709  400 

1  851  800 

2  001  900 

2  159  800 
2  325  900 
2  500  300 
2  683  200 

2  874  800 

3  07s  200 
3  284  900 
3  503  800 

3  732  200 


22  500   24  000   25  000 


2  210 

4  310 

7460 

II  800 

17  700 
25  200 
34  500 
45  900 

59  600 

75  800 

94  700 

116  500 

169  600 
201  300 
236  700 

276  100 
319  600 
367  500 
419900 

477  100 
539  300 
606  600 
679  400 

757  700 

841  800 

931  900 

I  028  200 

I  131  000 

I  240  400 

I  356  600 

I  479  800 

I  610  300 
I  748  300 

1  893  900 

2  047  400 

2  208  900 
2  378  800 
2  557  100 
2  744  100 

2  940  100 

3  145  100 
3  359  500 
3  583  4003 


3  817  000 


2  360 

4  600 

7  950 

12  630 

18  800 
26  800 
36  800 
49  000 

63  600 

80  900 

loi  000 

124  300 

150  800 
180  900 
214  700 
252  500 

294  500 
340  900 
392  000 
447  900 

508  900 
575  200 
647  100 
724  600 

808  200 

897  900 

994  000 

I  096  800 

I  206  400 

I  323  000 

I  447  000 

I  578  500 

I  717  700 

1  864  800 

2  020  100 
2  183  900 

2  356  200 
2  537  400 
2  727  600 
2  927  100 


136  100 
354  800 
583  500 
822  300 

4  071  500 


2  450 

4  790 

8  280 

13  200 

19  600 
28  000 
38  300 
51  000 

66  300 

84  300 

105  200 

129  400 

157  100 
188  400 
223  700 
263  000 

306  800 
355  200 
408  300 
466600 

530  100 
599  200 
674  000 
754  800 

841  800 

935  300 

I  035  400 

I  142  500 


I  256  600 

I  378  200 

I  507  300 

I  044  200 

I  789  200 

1  942  500 

2  IQ4  300 
2  274  900 

2  454  400 
2  643  100 

2  841  200 

3  049  100 

3  266  800 
3  494  600 
3  732  800 
3  981  600 


4  241  200   12 


Diam. 
of  Pin 
in  In. 


I 

li 
lI 
1} 

2 

2} 
2| 
2I 

3 
^\ 

3i 

4, 
4i 
41 
4i 

5, 
^\ 
5| 
5t 

6 

n 

61 

7, 
7i 

7} 
7i 

8 

li 

81 

9, 
9\ 


10 


II 
ii| 
III 
III 
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TABLE  99. 

Long  Pilot  Nuts. 

Amrrican  Bridge  Company's  Standards. 


"^TT 

IB 

*  1 1 

|i 

\.L..L 

in 

Fflot  Nuts  are  made  from  Spedal  Hard  Stod 
and  finiflhed  all  over. 


Screw.  6  Threads  per  Indu 


D 


H 


R 


N 


"•8 
A 


D 


li" 

<i 

2 
<i 

M 
(I 

3 
« 

« 
« 


iH 

(I 

2A 

ii 

c< 

2H 

it 

3A 

4A 

tt 
« 

ii 
U 
ii 


2| 


2i 


2| 


2 

II 

8 

II 

?. 

II 

lO 

Ii 

"I 

Ii 
t< 

'.? 

Mi 

ic 
<« 
II 

i6 

II 

u 

u 
tt 

II 

ii 

2lJ 


2j 


2j 


6i" 


7i 


S 


f 

I 

I 

i 


tt 
tt 

1} 

II 

il 

ii 
Ii 

2 
ii 

2l 


i8i' 

II 

20i 


27 


4? 


43 


5? 


57 


Ii 

II 

Ii 


ij" 

II 
tc 

If 

•I 


2i 


r 


Ii 


2. 

3- 

4- 

s. 

7- 

9- 

II. 

12. 

;t 

19- 

H. 
30. 

33. 
40- 

45. 
49. 

t 

70. 

77. 

85. 

95- 
102. 
no. 

92. 

99. 

107. 
119. 
13a 
142. 

160. 
172. 
186. 
203. 


2" 

2| 


I 

5 

i 

6 

n 

61 

7 
7i 
7* 
7i 
8 
8} 
8} 
8! 


10 
II 
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TABLE  100 

Short  Pilot  Nuts  and  Driving  Nuts. 

American  Bridge  Company's  Standards. 


->r 


:7~:«T 


Q 
D 


2" 
2l 
2* 
2i 

I 
I 
I 

6 

6i 

7, 

7i 

7i 

7i 

8 

8i 

11 

H 

10 
II 


OimenatoDS  in  ityhfti 


ij" 


2j 


3.i 

5} 


11^ 


lA" 

«« 
« 

»A 

« 
i< 

2H 

« 

« 

« 

sA 

« 
i< 
<i 

sH 


*l 


3* 


•St 


ll" 

I 


li 


4i" 


61 


5. 
I. 
I. 

1-5 

1-3 
2. 

3. 
3. 

4. 

3- 
4. 

s. 

6. 

I: 

8. 

9. 
II. 
10. 

12. 

\t: 

14- 

16. 

19. 
21. 

24. 

28. 

33. 
36. 
40. 

45. 

48. 

51- 
55. 
59. 


Dimenrionii  in  Indies. 


D 


2 

11 

6} 

61 
7l 

8} 


2 

4 
4J 


1^ 


2| 


2l 


4} 

i 

6} 
7t 
7l 

81 


>t-8 

E 


2i" 

II 


3i 


II 


2" 

2A 
2| 


2f 

II 


■r 

3A 

3} 


si 


li 


il 


4 
5 
8 

II 

17 
22 

27 
37 
56 

67 

86 

120 

150 


Pilot  Nuts  and  Driving  Nuts  are  made  from  special 
hard  steel.     Pilot  nuts  are  finished  all  over. 

Screws  6  threads  per  inch. 

When  short  pilot  nuts  are  needed  on  bottom  chord 
pins,  long  pilot  nuts  are  to  be  sent  for  all  other  pins, 
m  addition. 


53 
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TABLE  101. 
Screw  Threads. 

AMERICAN  BRIDGE   COMPANY  STANDARD. 

Bolts,  Rods,  Eye  Bars,  Turnbuckles,  Sleeve  Nuts,  and  Clevises. 


U-p.-*\ 


-iH 


Diameter. 


Total 
d. 
In. 


Net. 
c. 
In. 


Area. 


Total 
Dia..  d. 
Sq.  In. 


Net 
Sq.  In. 


Number 

of 

Threada 

per 

Inch. 


Diameter. 


Total, 
d. 


Net. 
c. 


Area. 


Total 
Dia..d. 
Sq.  In. 


Net 

Dia..c 
Sq.  In. 


Number 

of 
Threads 


.185 
.294 
400 

.620 
.731 

.838 

.939 
1.064 
1.158 
1.283 
1.389 
1490 
1. 01 5 

1.711 
1.836 
1. 961 
2.086 


.049 
.110 
.196 
.307 

1^^ 

.785 

•994 
1.227 
1.48s 
1.767 
2.074 
2.40s 
2.761 

3.14a 
3-547 
3.976 
4430 


.027 
.068 
.126 
.202 
.302 
•419 

.693 
.890 

I.OS4 
1.294 

1.515 
1.744 
2.049 

2.300 
2.649 
3.021 
3.419 


20 
16 

13 

II 

10 

9 

8 
7 

I 

6 

Si 

5 

5 

4 

4^f 
4f 
4i 


2.I7S 
2.300 
2.42s 
2.SS0 

2.629 
2.879 
3.100 
3.317 

3.567 
3.798 
4.028 

4-255 

4.480 

4.730 

4.953 
S.203 

54^3 


4.909 
54" 
§940 
6.492 

7.069 

8.296 

9.621 

11.045 

X2.S66 
14.186 
15.904 
17.721 

19.63s 
21.648 
23.758 
25.967 
28.274 


3.716 
4.156 
4.619 
S.108 

5.428 
6.509 

7.549 
8.641 

9.993 
11.330 

12.741 
14.221 

15.766 

17.574 
19.268 
21.262 
23.095 


2| 

2m 
2 

2  ' 
2 

2:' 


Bolt  Heads  and  Nuts. 

AMERICAN  BRIDGE  COMPANY  STANDARD. 


wB=B 


.•-♦-I 


M 


RonghNiit. 


Fiabhcd  Nut. 


RooghHod. 


FfaiUndHeid. 


I.5«»  +  I" 


I-Sd  +  A" 


d-A" 


I.Sd  +  J" 


o.sf 


i-Sd  +  A" 


osf-A" 


For  Screw  Threads,  Bolt  Heidt  md  Nutt,  the  American  Bridge  Company  hat  adopted  the 
Franklin  Institute  Standard,  commonly  known  as  United  States  Standard. 

218 


TABLE  102. 

Bolt  Hbads  and  Nuts,  Dimensions  in  Inches. 

american  bridge  company  standard. 


'^i 

HEAD. 

"si 

NUT.                                      1 

Hexagonal. 

Hex.  or 
Square. 

Square. 

Hexaconal. 

Hex.  or 
Square. 

Square. 

H««comL 

HM.OK 

P4.M., 

JU^^ 

%K?' 

ll 

o 

a 

^ 

Rex.  or 
Bqnwe. 

S 

^ 

DiaoMter. 

■B" 

DbuMte^ 

^ 

DIaiMtor. 

m 

DiMMter. 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

Long. 

Short. 

Height. 

Long. 

Short. 

Long. 

Short. 

Height. 

Long. 

Short. 

J 

1 

i 

i 

tt 

i 

I 

i 

i 

H 

i 

i 

« 

u 

1 

I 

ii 

1 

« 

» 

I 

H 

} 

I 

f 

ft 

il 

i 

i 

I 

i 

Ii 

f 

1 

Ii 

Ift 

ft 

li 

Ift 

1 

Ii 

1ft 

Ii 

Ift 

1 

lA 

Ii 

i 

iH 

Ii 

i 

Ift 

Ii 

iH 

li 

I 

iH 

Ift 

1 

2ft 

Ift 

i 

iH 

Ift 

2ft 

Ift 

I 

»f 

i| 

« 

2ft 

Ii 

I 

Ii 

Ii 

2ft 

Ii 

li 

*i 

i« 

« 

2ft 

i« 

Ii 

2i 

iH 

2ft 

iH 

ii 

2A 

2 

I 

2H 

2 

Ii 

2ft 

2 

2H 

2 

1} 

*A 

2ft 

Ii 

3i 

2ft 

i| 

2ft 

2ft 

3i 

2ft 

i§ 

*! 

*l 

Ift 

3l 

2| 

li 

2j 

2| 

3l 

2| 

If 

3 

*ft 

Ift 

3l 

2ft 

i| 

3 

2ft 

3l 

2ft 

«i 

3* 

*! 

I| 

3i 

2i 

Ii 

3ft 

2} 

3l 

2l 

li 

3ft 

*H 

Ii 

4ft 

2H 

il 

3ft 

2H 

4ft 

2H 

2 

3i 

3i 

Ift 

4ft 

3i 

2 

3l 

3i 

4ft 

3i 

*i 

4ft 

3l 

I| 

4U 

3i 

2i 

4ft 

3i 

4H 

3i 

2i 

4l 

3t 

Itt 

Si 

3J 

2i 

4i 

3i 

2} 

5i 

3i 

*1 

4« 

4i 

*i 

6 

4i 

2i 

4H 

4i 

2| 

6 

4i 

3 

Si 

4i 

aft 

6ft 

4i 

3 

5l 

4i 

3 

6ft 

4l 

3i 

sH 

5 

2i 

7ft 

S 

3i 

Sii 

s 

3i 

7ft 

s 

3l 

6i 

Si 

2H 

7l 

Si 

3i 

6i 

si 

3* 

7l 

si 

B< 

3LT  ThKBAOS, 

Length  in  Inches. 

\SS: 

Dtameter.  Incbe*.                                                                  | 

i 

1 

i 

1 

i 

{ 

I 

n 

Ii 

I    to    l} 
if  to     2 
2jtO    2i 
2ftO    3 

I 

I 

1} 

I 

if 

I 

1} 

2i 

3lto  4 

Ii 

li 

2i 

21 

4|to   8 

I 

I 

II 

2 

2i 

2l 

8itoi2 

I 

I 

Ii 

2l 

3 

3 

I2i  tO20 

I 

I 

•i 

2 

2\ 

3 

3 

Boks  not  listed  are  threads 

i  about  3  timei 

doacr  to  the  bead  than  }  inch. 
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TABLE  103. 

Bolts  with  Hexagon  Heads  and  Nuts. 

amekican  bridge  company  standasd. 

Weight  in  Pounds  per  ioo  Bolts. 


Louth 
Under 
Head. 
Inches. 

DJametcr  of  Bolt.  Inches.             1 

Under 

Diameter  of  Bolt.  Indiea. 

i 

1 

1 

1 

I 

Head. 
Incfaea. 

* 

1 

i 

1 

I 

I 

19 

20 

33 
34 
36 
38 
40 

52 
54 
57 
60 

8 

58 
60 

92 

96 

IOO 

137 
143 
M9 
156 
162 

194 

202 

264 
274 
285 
296 

307 

1} 

2 

8§ 
9 
9i 
10 

22 

63 
66 

210 

23 

24 

los 
109 

219 
227 

63 

93 

132 

68 

*i 

26 

43 

66 

97 

137 

loj 

71 

"4 

168 

236 

318 

»i 

27 

-45 

69 

lOI 

143 

II 

74 

118 

174 

M4 

329 

2l 

29 

47 

72 

105 

148 

11} 

77 

122 

181 

253 

341 

3 

30 

49 

75 

109 

154 

12 

80 

127 

187 

261 

352 

3i 

31 

51 

78 

"4 

160 

12J 

82 

131 

193 

270 

363 

3) 

33 

54 

82 

118 

X65 

13 

85 

135 

199 

278 

374 

3i 

34 

56 

85 

122 

171 

I3i 

88 

139 

206 

287 

385 

4 

35 

58 

88 

126 

176 

14 

91 

144 

212 

295 

396 

4J 

37 

60 

90 

130 

180 

14J 

93 

148 

218 

304 

407 

4i 

38 

62 

94 

134 

186 

15 

96 

152 

225 

312 

418 

4l 

39 

64 

97 

138 

191 

i5i 

99 

157 

231 

321 

430 

S 

41 

66 

100 

143 

197 

16 

102 

161 

237 

329 

441 

5i 

42 

68 

103 

147 

202 

i6| 

IDS 

165 

243 

338 

452 

5i 

44 

71 

106 

151 

208 

17 

107 

170 

250 

346 

463 

Si 

45 

73 

109 

156 

213 

17J 

1 10 

174 

256 

355 

474 

6 

46 

75 

112 

160 

219 

18 

113 

177 

262 

364 

485 

61 

4« 

77 

"5 

164 

225 

I8J 

116 

183 

268 

372 

496 

6i 

49 

79 

119 

168 

230 

19 

119 

187 

275 

381 

507 

6i 

51 

81 

122 

173 

236 

19I 

121 

191 

281 

389 

519 

7 

52 

84 

125 

177 

241 

20 

124 

196 

287 

398 

530 

7} 

?1 

86 

128 

181 

247 
252 

7i 

55 

88 

131 

185 

7l 

56 

90 

134 

190 

258 

1 

Per  Inch 

Per  Inch 

Additional 

5.6 

8.7 

12.5 

I7-0 

22.3 

Additional 

5.6 

8.7 

12.5 

17X> 

22.3 

He 

XAGON 

Nuts 

AND  Bolt  } 

iSADS. 

Weigh 

TS  IN  ] 

Pounds 

I  for  i 

!)nb  Head  a 

ND  One  Nut, 

Diuailcraf  Bolt,  lado. 

li 

II 

il 

a 

«l 

3 

Hexagon  Hei 
Wei^t  of  SI 

id  and 

Nut... 

1.73 
.3479 

2^5 

.5007 

4^1 
.68 

6.79 
.8900 

I3X> 
1.391 

22  0 

lank  pci 

rinch. 

15 

2.003 

220 


TABLE  104. 

Bolts  with  Square  Heads  and  Nuts. 

american  bridge  company  standard. 

Weight  in  Pounds  per  ioo  Bolts. 


Length  Under 
Head.  Incbei. 


X 

li 
li 
li 

a 

2j 

ai 

3 
3} 

4 

4J 

5 

Si 

6 

61 

7 

7J 

8 

9 

10 
12 
14 


Per  Inch 
Additional. 


6 
6 
6 
7 
7 
8 

9 
10 
10 
II 


1.4 


Diameter  of  Bolt.  Inches. 


7 
7 
8 
% 
9 
9 
10 

ID 

II 

12 
13 
14 
15 
16 

17 


2.2 


II 
II 
12 
13 
14 
15 
15 
16 

17 
18 
20 
21 
23 

2S 
26 
28 
29 

31 
32 

34 


3.1 


15 
16 

17 
18 

19 
20 
21 
22 
24 
25 
28 
30 
32 

34 
36 

38 
40 
42 
45 
49 
53 
61 


4.3 


22 
23 
24 
26 

27 
28 
30 
31 
33 
35 
38 
41 
43 
46 
49 
52 
55 
57 
60 

65 
71 
82 

93 


5.6 


I 


37 
39 
41 
43 
45 
47 
49 
51 
54 
58 
62 
66 
71 
75 
79 
84 
88 

92 
97 
105 
"4 
131 
148 


8.7 


II 


S6 
59 
62 

64 

67 
71 
74 
77 
80 
86 
92 
98 
104 
III 

"7 
123 
129 
136 
142 
154 
167 
192 

217 


12.5 


lOI 

104 
109 
113 

"7 
126 

134 
142 

151 
159 
168 
176 

185 
193 
202 
218 

235 
269 
303 


17.0 


144 
150 

155 
161 
167 
178 
189 
198 
^09 
220 
232 
243 
254 
265 
276 
298 
320 
364 
409 


22.3 


Square  Nuts  and  Bolt  Heads. 
Weights  in  Pounds  for  One  Head  and  One  Nut. 


Diameter  of  Bolt.  Inches. 


Square  Head  and  Nut . . . . 
Weight  of  Shank  per  Inch . 


li 


2.05 
•3477 


i» 


3.51 
.5007 

221 


548 
.6815 


8.08 
.8900 


a| 


155 
1.391 


3 


26.2 
2.003 


TABLE  105. 
Lengths  of  Bolts  and  Tib  Rods. 


3 


\* — -e«4p- — ♦! 


K- 


Grip. 


Diameter. 


r     I 


Grip. 


Diameter. 


I" 


Grip. 


Diameter. 


J"      r     I"      i 


;l 

2 

*i 

3 
3 
3j 

3* 
3i 

3f 

4 
4 

I 

5 


If 
If 

2 
2 

2i 

2l 
2} 
2} 
2f 
2f 

3 
3 
3: 

3- 

3 

3^' 

3 

3f 

4 

4 

4 

4u 

4 

4i 

S 

5 

5 


|i 

6 
6 
6 

61 
6* 

3 


8" 


O 
O 

O 

oi 
oj 


10 


II 


10 

10 

10 

10 

loj 

loi 

loi 

loj 

II 

II 

II 

II 

Ili 

III 

xif 

Ilj 

12 
12 
12 
12 


9i 

o 

o 

o 

0 

oJ 

3 


For  Cut  Thread* 
UK  I",  1"  and  i"  Rod! 


jaC!»j.«H;JX|-taC 


r — 4 


For  RoHed  Thread!  oae 

a^inatcadof  I"  Rodt 
"  lutead  of  I"  Rodi 


CtoC 
Beams. 


1-0 

I-I,  2,  3 
1-4,  5,  6 
1-7.  8,  9 
l-IO,   II 

2-0 

2-1,  2,  3 


Uth. 


1-6 

1-9 

2-0 

2-3 

2-6 


CtoC 
Beams. 


2-4,  5,  6 
2-7,  8,  9 
2-10,  II 

3-0 

3-1,  2,  3 
3-4,  5,  6 
3-7,  8.  9 


Uth. 


2-9 

3-0 
3-3 

3-6 

3-9 
4-0 


CtoC 


3-10,  II 
4-0 

4-1,  2,  3 
4-4,  5.  6 
4-7,  8,  9 
4-10,  II 
5-0 


Uth. 


4-3 

4-6 
4^ 

5-0 
5-3 
5-3 


CtoC 


5-1,  2,  3 
5-4,  5.  6 
5-7,  8,  9 

1^0.  „ 

6-1,  2,  3 
6-4,  5.  6 


Uth. 


5-6 
5-9 

^3 
6-6 

6^ 


CtoC 
Beams. 


6-7,  8,  9 
6-10,  II 
7-0 

7-1,  2,  3 
7-4,  5,  6 
7-7,  8,  9 
7-10,  II 


Lcth. 


7-0 
7-3 
7-^ 
7-6 

7-9 
8-0 

8-3 


CtoC 


8-0 

8-1,  2,  3 
8-4,  5,  6 
8-7,  8,  9 
8-10,  II 


Uth. 


8-3 
ft-6 

8-9 
9-0 

9-3 


TABLE  106. 
Structural  Rivets. 

AMERICAN  BRIDGE   COMPANY  STANDARD. 

Weight  in  Pounds  per  ioo  Rivets  with  Button  Heads. 


Length 
Under 
Head. 
Inches. 

Diameter  of  Rivet 

Inches. 

Length 
Under 
Head. 
Inches. 

Diameter  of  Rivet.  Inches. 

1 

i 

1 

1 

1 

X 

i» 

xi 

1 

k 

1 

1 

i 

I 

x» 

252 

5 

18 

33 

53 

78 

109 

146 

190 

18 

34 

54 

80 

III 

149 

193 

256 

I^ 

6 

12 

19 
19 
20 

34 
35 
36 

56 
57 

82 

113 
115 
118 

152 
155 
157 

197 

200 

260 

7 
7 

13 
13 

* 

83 
85 

265 
269 

23 

3S 

SO 

68 

91 

130 

204 

7 

14 

24 

36 

S2 

71 

95 

134 

20 

36 

58 

86 

120 

160 

207 

273 

8 

IS 

2S 

37 

S4 

74 

98 

139 

20 

37 

60 

88 

122 

163 

211 

278 

8 

IS 

26 

39 

56 

77 

102 

143 

21 

38 

61 

89 

124 

166 

214 

282 

2 

9 

i6 

27 

41 

S8 

80 

105 

148 

6 

21 

38 

62 

91 

126 

169 

218 

287 

9 

17 

28 

43 

60 

82 

109 

152 

22 

39 

63 

93 

128 

171 

222 

291 

9 

i8 

29 

44 

62 

85 

112 

156 

22 

40 

64 

94 

130 

174 

225 

295 

10 

i8 

30 

46 

64 

88 

116 

161 

22 

40 

65 

96 

132 

177 

229 

300 

10 

19 

31 

47 

67 

91 

119 

165 

23 

41 

66 

97 

135 

180 

232 

304 

II 

20 

32 

49 

69 

93 

123 

169 

23 

42 

67 

99 

137 

182 

236 

308 

II 

20 

34 

SO 

71 

96 

126 

174 

24 

43 

68 

IOO 

139 

185 

239 

313 

11 

21 

3S 

S2 

73 

99 

130 

178 

24 

43 

69 

102 

141 

188 

243 

317 

3 

12 

22 

36 

S4 

75 

102 

133 

182 

7 

24 

44 

70 

104 

143 

191 

246 

321 

12 

22 

37 

55 

77 

los 

137 

187 

25 

45 

71 

105 

145 

194 

250 

326 

13 

23 

38 

57 

79 

107 

141 

191 

25 

45 

73 

107 

147 

196 

253 

330 

13 

24 

39 

S8 

81 

no 

144 

195 

26 

46 

74 

108 

149 

199 

257 

334 

13 

H 

40 

60 

84 

113 

148 

200 

26 

47 

75 

no 

152 

202 

260 

339 

H 

25 

41 

61 

86 

116 

151 

204 

26 

47 

76 

III 

154 

205 

264 

343 

H 

26 

42 

63 

88 

118 

155 

208 

27 

48 

77 

113 

156 

207 

267 

347 

IS 

27 

43 

64 

90 

121 

158 

213 

27 

49 

78 

114 

158 

210 

271 

352 

4 

IS 

27 

44 

66 

92 

124 

162 

217 

8 

27 

SO 

79 

116 

160 

213 

274 

356 

IS 

28 

4S 

68 

94 

127 

165 

221 

28 

SO 

80 

118 

162 

216 

278 

360 

i6 

29 

47 

69 

96 

130 

169 

226 

28 

51 

81 

119 

164 

219 

281 

365 

i6 

29 

48 

71 

98 

132 

172 

230 

29 

52 

82 

121 

166 

221 

285 

369 

i6 

30 

49 

72 

lOI 

135 

176 

234 

29 

52 

83 

122 

169 

224 

288 

373 

17 

31 

SO 

74 

103 

138 

179 

239 

29 

53 

84 

124 

171 

227 

292 

378 

17 

31 

SI 

75 

105 

141 

183 

243 

30 

54 

86 

125 

173 

230 

295 

382 

i8 

32 

S2 

77 

107 

143 

186 

247 

30 

54 

87 

127 

175 

232 

299 

386 

1 

n 

utton] 

fl0»Am 

D 

iametc 

rofRi 

[vets.  Indies. 

D 

ncBuv. 

1 

i 

1 

1 

i 

X 

il 

iJ 

IOO  Head 

a  as  n 

lade  G 

mrivi 

it«,Pc 

)undt 

... 

2.4 

S-o 

9.: 

7 

I 

6.0 

24.0 

35.0 

49.0 

78.0 

IOO  Head 

t  as  d 

riven 

m  wo 

rk,Pc 

mndi 

1.9 

4.0 

7'i 

1 

I 

2.5 

18.5 

27.0 

37.5 

51.0 

223 


TABLE  107. 
Lengths  of  Field  Rivets  and  Bolts  for  Beam  Framing. 


Iftt 

^           . 

•«# 

»*i *. 

■ 

-/f- 

d 

Ua. 

f'           ' 

-^ 

m 

f^ 

(A 

< 

Single. 

^   24" 

20" 

18" 

15" 

12" 

10" 

9" 

8" 

/' 

6" 

5" 

4" 

3" 

Ooolde. 

BoltRii 
In.    In 

In. 

.      Bolt 
la. 

li    2i 

\ 

12.25 

9.75 

7S 
8.S 

11 

»l 

2 

H^i 

\ 

25 

21 

25 

18 
20.5 

15 
17.5 

14.75 

12.25 

9-5 

7-5 

»t 

2} 

2j 

\ 

42 

31.5 

23 

17.25 

10.S 

ii 

21 

\     80 

65 

U> 

45 

35 
40 

30 
35 

35 

30 

25 

20 

14.75 

a| 

2 

2J 

^     90 

70 
85 

6s 

11 

45 

3 

2j      -' 

2 
2i 

[    too 
"5 

90 

95 

70 

85 

70 
75 
80 

50 

40 

3* 

2 

100 

90 

85 

65 

3l 

2i 

2 

90 

3i 

2i    3 

i 

95 
100 

1 

3i 

3 

• 

t1       — 

2 

8.00 

6.50 

5-25 

4.00 

al 

2 

1 

20.5 

15 

13.25 

11.25 
13.75 

9.75 

6.« 

5.00 

2i 

2 

t 

2 

i 

15.00 

12.25 

10.50 

9.00 

7-25 

6.00 

^^ 

2 
2      _ 

2 

i 

i 
} 

i 

33 
35 

25 

20 

20 

16.25 
18.75 

14.75 

11.50 

*l 

'J,! 

40 

25 

13 

2} 

30 

35 

25 

21.25 

17.25 
19.75 

15.50 

*i 

'■ 

45 
50 

40 

30 

3 

aj 

: 

2i     2 

i 

55 

35 

3i 

»l 

Top  Angli 
-1". 

all 

all 

all 

all 

all 

2i 

ij  ' 

all 

all 

all 

2| 

»    i 

■  r. 

i 

42  to 
55 

31.5 

35 

2| 

- 

55  to 
70 

40  to 
65 

»l 

,  Z 
1  < 

1 

! 

1 

8oto 

lOO 

65  to 
75 

60  to 
75 

2i 

"5 

80  to 
100 

80  to 
too 

J 

2} 

all 

«i 

1 

Bottom  Ax 

all 

all 

all 

all 

all 

2l 

- 

20.5 

25 
30 

all 

all 

2| 

z 

I- 

all 

35 
40 

*i 

24" 

20" 

18" 

IS" 

12" 

10" 

9" 

8" 

7" 

6" 

s" 

4" 

3" 

Rhr.   BoH-l 
Top*  a*'  . 

224 


TABLE  108. 

Structural  Rivets. 

american  bridge  company  standard. 

Lengths  of  Field  Rivets  for  Various  Grips. 

Dimensions  in  Inches. 


•—Grip,  I 


ti=ta  r 


— Lenirth -♦j 


{♦"Grip,  cr*' 


—Length • 


< — Grip,  ft— H 


♦—Grip,  If* 


r •LeogA' "J      U — 4>agth * 


) 


Diameter. 


Grip  a. 


Gripb. 


Diameter. 


li 

2 

■I 

I 

3f 

3i 

4 


1! 

5 

5;: 
5: 
5 

ii 

6 

6 
6 

6i 


2 
2i 


6 
6 
& 

li 

7\ 
7f 
71 
7} 
7* 
8 


2 
2i 

i\ 

2} 
2| 

3t 


3 
3 

I 

Jt 

4i 
5, 

5' 
5 
5 
S 
si 

i: 

6 

6 

6 

7 


2t 
2} 
2} 

2t 


8t 


6 

^ 
6 

6 

6 

6f 

li 

l\ 

tl 
8 
81 
8t 


It 

II 

1} 

;! 

Ii 

2 

2i 

2I 

2} 

2} 

2i 

2| 

Ij 

3i 

3 
3 

3i 

:» 

4i 
4I 
4i 

4} 

5} 

I 

61 


II 

I| 


1} 
l{ 

2 
2i 

2i 
2} 

2f 
2i 

2i 

3, 
3* 
3| 
3t 

3 
3 
3 

4, 
4i 

4} 

+t 
4f 

4i 
4l 

5 
si 

si 

I* 

61 
6J 


II 

Ii 
Ii 

II 

2 
2i 

2i 

2i 
2i 
2I 


4 

4t 

4; 

4 

4 

4 

4 

4i 

5 

si 

I 

6t 

i 

6i 

l\ 


I 

I 
I 

I{ 

2 
2i 

2i 
2} 

2} 

3 


3i 

3 

X  ■ 

3 

3 

3 

3i 

4i 
4i 

4i 

4i 
4f 
4} 

4{ 

S 


S 
S 

s 

i 

6i 


6} 

6i 

61 

6 

6 

7 

?! 


I! 

If 
Ii 

Ii 

2 

2i 
2l 
iJ 
2| 
»i 

3 
^* 

l\ 

^1 

3i 

4 

ii 

I. 

I 

6 
6i 
6i 

n 
n 

7 
7k 
7i 
7i 


225 


TABLE  107. 
Lengths  of  Field  Rivbts  and  Bolts  for  Bbam  Framing. 


- 

s       . 

d 

\h.M 

IJfW 

r'         ' 

1"  KiTen. 

*i 

P 

» 

Single 
BoltRh 
In.    In 

7.H" 

20" 

18" 

15" 

12" 

10" 

9" 

8" 

/' 

6" 

5" 

4" 

3" 

Double.    1 

Riv. 
In. 

Bolt 
In. 

Ij    2i 

\ 

ia.2S 

9.75 

7-S 
8.S 

n 

*i 

2 

n^* 

\ 

25 

21 

25 

18 
20.5 

15 
17.5 

I4-7S 

12.25 

9S 

7'S 

2| 

2l 

2i 

\ 

42 

31.5 

23 

17.2s 

10.5 

2i 

2 

\     8o 

65 

II 

45 

35 
40 

30 
35 

35 
30 

25 

20 

14.75 

*I 

2j 

2 

2i 

L      8s 
'     90 

70 

85 

6s 

II 

45 

3 

2 

2i 

i    100 

90 

95 

70 

85 

70 

75 
80 

50 
'd 

40 

3i 

2 

i 

100 

90 

85 

65 

3i 

2i 

2 

I 

90 

3i 

»J   3 

I 

95 
100 

1 

3f 

3 

1 

,1 

z 

8.00 

6.50 

s-^s 

4.00 

»l 

2 

i 

2 

I 

20.5 

15 

13.25 

11.25 
13.75 

9.75 

6.2s 

$.00 

2j 

2 

L 

i 

1500 

12.25 

10.50 

9.00 

7»S 

6.00 

ai 

aj 

33 
35 

25 

20 

20 

16.25 
18.75 

14.75 

11.50 

s{ 

2 

2     _ 

2 

L 
i 

40 

25 

13 

»f 

30 
35 

25 

21.25 

17.25 
19.75 

15.50 

ai 

45 
50 

40 

30 

3 

a} 

2i     Z 

?5 

?5 

?* 

al 

TopAnsk 

all 

all 

all 

all 

all 

«1 

«l 

all 

aU 

all 

2I 

a 

s 

42  to 

55 

31.5 

35 

*i 

- 

55  to 
70 

40  to 

6? 

2i 

al 

Soto 
100 

65  to 
75 

60  to 
75 

«l 

"5 

80  to 
100 

80  to 

100 

3 

ai 

.11 

2j 

If 

1 

g 

' -4 

Bottom  An 
ife  -  J". 

1 

all 

•II 

all 

all 

all 

2j 

20.5 

25 
30 

all 

all 

af 

a 

h 

lU 

35 
4° 

aj 

24" 

20" 

18" 

IS" 

12" 

10" 

9" 

8'' 

/' 

6" 

5" 

4" 

3" 

Mr.  1  Bolt. 
Top*Bott. 

224 


TABLE  lOS. 

Structural  Rivbts* 

american  brnxsb  company  standard. 

Lbngtrs  or  Field  Rivets  for  Various  C>RtPs. 

Dimensions  in  Inches. 


•--Grv. 


K-Grip,a-^ 


Grip  a. 


DiameUr. 


I| 
ll 
ll 
l] 

2 
2 
2; 

2, 
2 
2 

u 

3| 

31 
3} 
3| 
3i 

u 
t 

I 

i 

-A 


!i 

2 
2i 


2; 
2 
2 
2 
2 

ll 


3 

3 
3 
3 

4 

4i 

i 
11 

u 

'-« 


2 

•I 

2 
2 

2 

2 

3 
3 
3 
3 

Si 

I 

4{ 

$ 

5f 
$1 
>l 
>| 

51 

>J 


« 


GHpb. 


Dinmptfr. 


6 
^ 


:l 

i 
i 
i 

2) 

2 
2 


4 

4 

4 

4' 

4 

4 

4 

41 


1^ 


il 

2 
2 
2 

2 
2 
2 

2i 

3 
It 

3 
3 
1 
3 
3 
3 

4l 
4} 
41 
4\ 
4} 
4f 
4t 


il 

ti 
2 
2 
f 

i 

2 

2 

3 

3 
1 
3 
3 
1 
1 
3* 


4 

4 

4 

4 

4 

4l 

$ 


?i   !    ^* 


5;: 


7 
-i 


2» 


TABLE  109. 
Standards  for  Rivets  and  Riveting. 
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TABLE  110. 
Standards  for  Riveting. 
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Standards  for  Riveting. 
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TABLE  113. 
Standards  for  Riveting* 
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TABLE  114 

Shearing  and  Bearing  Value  of  Rivets 

Values  above  or  to  right  of  upper  zigzag  lines  are  greater  than  double  shear. 
Values  below  or  to  left  of  lower  zigzag  lines  are  less  than  single  shear. 
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TABLE  US 
Multiplication  Table  for  Rivbt  Spacing 
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Fitch  of  Rhreu  in  Inche* 

TABLE  lis.— Continued 
Multiplication  Table  for  Rivet  Spacing 
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2-9i 

2-1 1 

3-0} 

3-2J 

3-4J 

3-^ 

7 

8 

2-0 

4-  I 

2-  2 

*-3 

»-4 

2-6 

2-8 

2-10 

3-0 

3-  2 

3-  4 

3-6 

3-8 

3-10 

4-0 

8 

9 

*-3 

1-4J 

*-si 

»-6| 

*-7i 

2-9} 

3-0 

3-2i 

3-4i 

3-6} 

3-9 

3-iii 

4-ii 

4-3f 

4-6 

9 

10 

i-6 

2-7l 

2-8J 

*-9l 

2-1 1 

3-ii 

3-4 

3-6} 

3-9 

3-"i 

4-  2 

4-4J 

4-  7 

4- 9* 

S-o 

10 

II 

*-9 

2-Ioi 

a-ii| 

3-ii 

3-  *i 

3- Si 

3-8 

3-10I 

♦-li 

4-4i 

4-7 

4-9J 

S-oJ 

5-3i 

S-6 

II 

12 

3-0 

3-iJ 

3-3 

3-4J 

3-6 

3-9 

4-0 

4-3 

4-6 

4-9 

5-0 

S-  3 

S-6 

5-9 

6-0 

12 

n 

}-3 

J-4l 

3-6} 

3-7i 

3-9i 

4-0} 

4-4 

4-7i 

4-10} 

s-ii 

s-  S 

S-8i 

s-iil 

6-2J 

6-6 

13 

H 

3-6 

3-7! 

3-9* 

3-1 1  i 

4-  I 

4-4i 

4-8 

4-"i 

S-  3 

s-6} 

5-10 

6-1} 

^S 

6-81 

7-0 

H 

n 

3-9 

3-iol 

4-oi 

4-2f 

4-4i 

4-8} 

S-o 

S-3I 

5-7i 

s-"i 

6-3 

6-6} 

6-10I 

7-2i 

7-6 

IS 

i6 

4-0 

4-  » 

4-4 

4-6 

4-8 

S-o 

S-4 

S-8 

6-0 

6-4 

6-  8 

7-0 

7-4 

7-8 

8-0 

16 

n 

4-3 

4- Si 

4-7i 

4-9l 

4-ili 

s-3i 

S-8 

6-0} 

6-4i 

6-8} 

7-  I 

7- Si 

7-9J 

8-i| 

&-6 

17 

i8 

4-6 

4-8i 

4-ioJ 

S-ol 

S-  3 

s-7i 

6-0 

6-4i 

^9 

7-ii 

7-6 

7-10} 

8-3 

fr-7i 

9-0 

18 

19 

4-9 

4-n| 

S-ii 

S-4i 

S-6i 

S-u} 

6-4 

6-8} 

7-1} 

7-6} 

7-1 1 

fr-3J 

8-  8} 

9-iJ 

9-6 

19 

20 

S-o 

5-»i 

s-  s 

S-7l 

S-io 

6-3 

6-8 

7-  I 

7-6 

7-1 1 

8-4 

fr-9 

9-  2 

9-7 

10-0 

20 

21 

S-3 

s-sl 

S-8i 

S-ioi 

6-1} 

6-6} 

7-0 

7- Si 

7-ioi 

fr-3l 

8-9 

9-2i 

^7i 

10-  of 

10-6 

21 

22 

S-6 

S-8i 

s-"J 

6-2} 

6-5 

6-10} 

7-4 

7-9i 

8-3 

8-8} 

9-  2 

9-7i 

10-  I 

ic>-6i 

I  I-O 

22 

23 

S-9 

S-"i 

6-2i 

6-sf 

6-  8} 

7-2i 

7-8 

8-1} 

8-7i 

9-ii 

9-  7 

10-  0} 

ia-6} 

II-  oj 

11-^ 

23 

24 

6-0 

6-3 

6-6 

6-9 

7-0 

7-6 

&-0 

8-6 

9-0 

9-6 

10-  0 

lo-  6 

11-  0 

II- 6 

12-0 

24 

25 

6-3 

6-6i 

6-9i 

7-ol 

:^3i 

7-9i 

8-4 

8-ioi 

9-4i 

9-10} 

10-  5 

10-11} 

II- 5l 

ii-ii} 

12-6 

2S 

26 

6-6 

6-9i 

7-0} 

7-3! 

7-7 

8-1} 

8-8 

9-2} 

9-9 

10-  3} 

10-10 

11- 4i 

ii-ii 

12- si 

13-0 

26 

27 

6-9 

r-o| 

7-3i 

7-7i 

7-10} 

8- Si 

9-0 

9-6} 

10-  1} 

10-  8} 

11-  3 

II-  9! 

12- 4i 

1 2-11 J 

13-6 

27 

28 

^o 

7-3J 

7-7 

^I0§ 

8-  2 

8-9 

9-4 

9-11 

10-  6 

11-  1 

11-  8 

12-  3 

12-10 

13-  s 

14-0 

28 

29 

r-3 

7-61 

7-ioi 

8-ii 

8- Si 

9-0} 

9-8 

10-  3} 

10-10} 

II- sl 

12-   I 

12-  8} 

13- 3J 

I3-I0J 

14-^ 

29 

30 

7-6 

7-91 

8-ii 

8- Si 

8-9 

9-4i 

10-0 

10-  7} 

11-  3 

11-10} 

12-6 

13- li 

13-9 

14- 4i 

iS-o 

30 

1 

3 

3i 

3i 

Ji 

Ji 

3i 

4 

4i 

4i 

*i 

S 

si 

Si 

Si 

6 

j 

Pitch  of  Kiveto  in  Incbe* 

•     I 
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TABLE  116. 
Areas  to  be  Deducted  for  Rivet  Holes,  Maximum  Rivets,  and  Rivet  Spacing. 


Akkas  zm  Squars  Inches,  to  bb  Deducted  from  Riveted  Plates  or  Shapes  to  Obtain  Net  Areas.       1 

Thickness 
of  Plates. 

Diameter  of  Hole  in  Incface  (Diam.  of  Rivet  +  i"). 

Inches. 

i 

* 

1 

A 

i 
.13 

•14 

1 
.16 

H 
.17 

f 
.19 

11 

1 

if 

I 

iiV 

l\ 

lA 

li 

J 

.06 

.08 

.09 

.11 

.20 

.22 

.23 

.25 

.27 

.28 

.30 

•3  J 

t 

.08 

.10 

.12 

:;i 

.16 

.18 

.20 

.21 

.23 

•25 

.27 

.29 

.31 

.33 

.35 

.37 

.39 

.09 

.12 

.14 

.19 

.21 

.23 

.26 

.28 

.30 

•^2 

•35 

.38 

.40 

42 

45 

47 

A 

.11 

.14 

.16 

.19 

.22 

.25 

.27 

.30 

.33 

.36 

.38 

41 

44 

46 

49 

.52 

.55 

i 

n 

.16 

.19 

.22 

.25 

.28 

.31 

.34 

.38 

.41 

.44 

47 

.50 

.53 

.56 

.59 

.63 

A 

.14 

.18 

.21 

.25 

.28 

.32 

•35 

•39 

42 

.46 

49 

.53 

•56 

.60 

.63 

.67 

.70 

I 

.16 

.20 

•23 

.27 

.31 

.35 

•39 

•43 

47 

•5? 

•55 

•59 

.63 

.66 

.70 

•z^ 

.78 

tt 

.17 

.21 

.26 

.30 

•34 

.39 

43 

.47 

•52 

.56 

.60 

.64 

.69 

.73 

.77 

.82 

.86 

i 

.19 

.23 

.28 

•33 

.38 

.42 

47 

•52 

.56 

.61 

.66 

.70 

•75 

.80 

.84 

.89 

.94 

• 

i 

.20 

•25 

.30 

.36 

41 

.46 

•51 

.56 

.61 

.66 

.71 

.76 

.81 

.86 

.91 

.96 

1.02 

• 

.22 

.27 

.33 

.38 

.44 

49 

•55 

.60 

.66 

•71 

'V 

.82 

.88 

.93 

.98 

1.04 

1.09 

• 

* 

.23 

.29 

•35 

41 

.47 

.53 

.59 

.64 

.70 

.76 

.82 

.88 

.94 

1.00 

1.05 

I. II 

I.17 

•25 

.31 

.38 

.44 

.50 

•56 

.63 

.69 

.75 

.81 

.88 

•94 

1. 00 

1.06 

I.I3 

1.19 

I.2S 

!f 

.27 

•33 

.40 

.46 

.53 

.60 

.66 

•73 

.80 

.86 

•93 

1. 00 

1.06 

1.13 

1.20 

1.26 

1.33 

.28 

.35 

42 

49 

.56 

.63 

.70 

'77 

.84 

•91 

.98 

1.05 

1.13 

1.20 

1.27 

134 

141 

'A 

.30 

.37 

45 

.52 

.59 

.67 

.74 

.82 

.89 

.96 

1.04 

I. II 

1.19 

1.26 

1.34 

141 

148 

1} 

.31 

•39 

47 

.55 

.63 

.70 

.78 

.86 

.94 

1.02 

1.09 

1.17 

I.2S 

1.33 

141 

1.48 

i.|6 

lA 

.33 

41 

49 

•F 

.66 

.74 

.82 

.90 

.98 

1.07 

I.IS 

1.23 

^'^\ 

13? 

148 

1.56 

1.64 

If 

■it 

43 

•52 

.60 

.69 

'77 

.86 

•95 

1.03 

1. 12 

1.20 

1.29 

1.38 

1.46 

1.55 

1.63 

1.72 

jA 

45 

.54 

.63 

.72 

.81 

.90 

•99 

ix>8 

1.17 

1.26 

135 

1.44 

^•53 

1.62 

1.71 

1.80 

ij 

.38 

47 

.56 

.66 

.75 

.84 

.94 

1.03 

1.13 

1.22 

131 

141 

1.50 

1.59 

1.69 

1.78 

1.88 

'f* 

.39 

49 

•59 

.68 

•78 

.88 

.98 

1.07 

1.17 

1.27 

1.37 

146 

1.56 

1.66 

1.76 

1.86 

1.95 

i|. 

41 

.51 

.61 

.71 

.81 

•91 

1.02 

1. 12 

1.22 

1.32 

1.42 

1.52 

1.63 

1.73 

1.83 

1.93 

2.03 

ili 

42 

.53 

.63 

.74 

.84 

•95 

1.0S 

1.16 

1.27 

1.37 

1-47 

1.58 

1.69 

1.79 

1.90 

2XX> 

2.1 1 

If 

-44 

.55 

.66 

•77 

.88 

.98 

1.09 

1.20 

1.31 

1.42 

1.53 

1.64 

175 

1.86 

1.97 

2.08 

2.19 

If 

45 

.57 

.68 

'1? 

.91 

1.02 

1.13 

I.2S 

1.36 

147 

1.59 

1.70 

I.81 

193 

2.04 

2.15 

2.27 

I 

47 

•59 

.70 

.82 

.94 

1.0S 

1.17 

1.29 

1.41 

1.52 

1.64 

1.76 

1.88 

199 

2.11 

2.23 

2.34 

If 

.48 

.61 

.73 

.85 

.97 

1.09 

1.21 

1-33 

1.45 

^•57 

1.70 

1.82 

1.94 

2.06 

2.18 

2.30 

242 

.50 

.63 

.75 

.88 

1.00 

1.13 

1.25 

1.38 

1.50 

1.63 

1.75 

1.88 

2.00 

2.13 

2.25 

2.38 

2.50 

Maxdium  Rivet  in  Leg  op  Angles  or  Flange  < 

yr  Beams  and  Channels.                            | 

Legof  Ai 
Max.  RW 

igle 

Tt 

1 

I 

i 

\ 
\ 

■1 

5 

■1 

6 
f 

6 

■1 

7 

il 

8 

8 

2 
i 

1 
1 

■! 

10 

f 

10 

12 

\ 

12 

3* 

IC 

- 

[    \ 

6 

i 

7 

I 

8 
It 

Depth  of  Beam 
Max.  Rivet 

li 

\     20 
\       I 

1 

Depth  of 

Channel 

Max.  Ri^ 

ret 

§ 

t 

t 

\ 

i 

i 

Rivet  Spacing  in  Inches.                                                                   | 

Sixeof 

Minimum  IHtch. 

Max.  Pitch  in  Line  of  Stms. 

Min.  EdfleDist 

Max.Edse 

Rivet. 

Alkmed. 

At  Ends  of 
Comp.Mem. 

Bridge*. 

Bl 

id'gii. 

Sheared. 

Rolled. 

Dist. 

rr 

] 

ik 

If 

2 

4 

^ 

6 

I 

1 

!'«*• 

ft 

] 

I 

2 

2} 

\\ 

M 

l\ 

I 

• 

ft 
ft 

t 
t 

2i 

3 

!• 

I 

M 
M 

:! 

:l 

Ill 
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TABLE  117. 

Old  Standard  Connbctions  for  Beams  and  Channels. 

American  Bridge  Company. 


5ize 


TWO  ANGLt  CONNECTIONS 


OME  ANGLE  C0NHECTI0H5 


24 


Weiqht  56  pounds 


iM 


7»i'r«* 


M 


IL  6x6xijxl-5i 
Weiqht  30  pounds 


m    m 


10 
18 


EMx4xf;xl^2r 
WeiqhtSOpounds 


iL6x6;^xi-rr 

WeiqhtZSpounds 


15 


»   m'i"  ,0^11 


r^**|«t.-i  2l!6  x4xi6xlO 
Siltnlr^l^^^^^^27pnd5 


I'jzy 


"  ^f  t"  tji 


I5u      M 


M 


isai" 


^^TlL6x6xfexlO 
WeiqhtlTpounds 


\l 


!5i! 


Weiqht  20  pounds 


ss: 


ffl'*'* 


~  lL6x6xj6xTi 


ai'   m 


Weiqht  l3poond5 


10 
9' 


'"a"  7*  r^ 


El!6x4xf6x5" 
"l^f     ^   '  Weiqht  Impounds 


fe»i:^M 


IL6x6xitx5 


m 


!lp      Weiqht  9  pounds 


6' 
5' 
4' 
3' 


6&5 


LHli      i^'AW 


El!6x4xjx2r 
Weiqht  7  pounds 
21i6"x4H'x£" 
Weiqht  6  pounds 


m 

M 


Weight  5  pounds 
IL6x6xU 
Neiqht4pound5  • 


Weiqhts  of  connections  include  qross  weights  of  angles  and  weights  of  j  shop  rivets 
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TABLE  118. 
New  Standard  Connections  for  Beams  and  Channels.    American  Bridge  Company. 


7SS'!  18^' 


4x^x^^1-6^"    Ua»9^mC%C%^'tU^Ji  2AiKiM  ^x^J^«o-u>>^ 
RIvetv  and  bolts-^'cliam. 

10,     ^9     O  rf    C^"    Vf 


SAncks^Tx^x^^U-U^f 


rx^)^l/4^    SA«cl««''x4%9^xO'^i;    SAiurl««'x4^%'xO'-3'' 


Ldoting  Values  of  Beam  Connections. 


I  Beams. 


Depth, 
Inches. 


Weight, 

Lb.  Per 

Foot. 


Value  of  Web 
Connection. 


Shop  Rivets 

in  Enclosed 

Bearing, 

Pounds. 


Values  of  Outstanding  Legs  of  Connection  Angles. 


Field  Rivets. 


^ 


Rivets  or 
umed  Bolts, 
Single  Shear, 
Pounds. 


Mhi.  Allow- 
able  Span  in 

Feet. 
Uniform  Load. 


Field  Bolts. 


M"  Rough 

Bolts.  Single 

Shear,  Pounds. 


Mhi.  AUow- 
able  Span  in 

Feet. 
Uniform  Load. 


27 

^^ 

21 
20 
l8 
i8 
15 
IS 

12 
12 
10 
10 

9 
8 
8 

\ 

5 


83 
8o 


5S 
46 

36 

3ii 

27i 

25 

22 

21 

18 

I7i 

15 

12 

9: 


66,800 
67,500 
52,700 
40,200 
45.000 
41,400 
29,000 
36,900 
26,000 
23,600 
17,200 
27,900 
20,900 
26,100 
24,300 
18,900 
11,300 
10,400 
9,500 


61,900 
53,000 
53,000 
44,200 
35,300 
35,300 
35,300 
35»300 
35,300 
26,500 
26,500 
17,700 
17,700 
17,700 
17,700 
17,700 
8,800 
8,800 
8,800 


18.4 

17-5 
16.3 

17.6 

13.3 
15.0 

8.9 

II. I 

8.1 

10.3 

74 
6.9 
57 
4-3 
44 
6.2 

4.4 
2.9 


49,500 
42,400 
42,400 
35,300 
28,300 
28,300 
28,300 
28,300 
28,300 
21,200 
21,200 
14,100 
i4,»oo 
14,100 
14,100 
14,100 
7,100 
7,100 
7,100 


23.1 
21.9 
20.2 
17.6 
22.1 
16.7 

154 

II. I 

II. I 

9-0 

10.3 

9.2 

8.6 

7.1 

54 

5-5 

7.8 

ii 


AxxowABLB  Unit  Stress  in  Pounds  Per  Square  Inch. 


Single 
Shear 


Rivets Shop  12,000 

Rivets  and  Turned  Bolts  .Field  10,000 
Rough  Bolts Field    8,oooj 


Bearing 


Rivets — enclosed Shop  30,000 

Rivets — one  side Shop  24,000 

Rivets  and  Turned  Bolts  . .  .Field  20,000 
Rough  Bolts Field  16,000 


t»  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame 
opp(Aite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are 
exceeded — such  as  end  reacdon  from  loaded  beam  being  greater  than  value  of  connection; 
shorter  span  with  beam  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable 
^reactions  are  used. 

^6  ■ 


TABLE  119. 

Standard  Beveled  Beam  Connections, 
American  Bridge  Company. 

Bev£L£1>  Bbam  Connections  -  Riy£t  Spacing  &  Clearances 


i'cr/essAj2''  3'ar/ess>  \! /^' 

>r-"C  }y^'-c 


.A". 


IV'j  or /ess,  use  Standard 
connection  angles  (bent)* 

%.^      W'^^'tolgluse  Special 
connection  angles  (bent)' 


for  large  dvplkBthn  frwdify  these  details  wh^ne  necessary  to 
permit  machine  rioting*     Table  covers /^ates  up  to  ^  thick* 


Omit  cut  P  where 
'--'--/ess 


a 

b 

Max- 

c 

Max- 
w 

D 

£ 

H 

Length  oF  Bent  Plates 

L 

P 

Pi       Pi      P* 

P* 

F'upto3 

'F-3'tc4 

/' 

12' 

h' 

'*: 

2r 

I' 

li" 

li" 

2 

12 

'i 

H 

5»e  notes  aboya- 

li 

1% 

'*. 

3 

12 

^ 

li 

2i 

li 

2 

2i 

4 

12 

« 

// 

5i 

3r 

2r 

10" 

Hi" 

10" 

12" 

li 

2i 

2i 

5 

12 

«' 

// 

4 

4 

3 

II 

I2i 

lOi 

12 

li 

2i 

3 

6 

12 

i 

li 

4i 

4i 

3 

12 

I3i 

II 

12 

li 

H 

H 

7 

12 

« 

li 

5 

5 

a 

I2i 

I4i 

Hi 

12 

li 

3 

3i 

8 

12 

^ 

'*. 

Si 

5k 

H 

13 

isi 

12' 

12 

li 

3i 

4 

$ 

12 

i 

'i 

H 

12 

/| 

3i 

4i 

10 

12 

% 

li 

3i 

I2i 

2 

4 

5 

II 

12 

i 

li 

5i 

I2i 

2 

4i 

H 

12 

12 

& 

li 

H 

I2i 

2i 

4i 

Si 

12 

II 

i 

i 

2i 

12 

li 

4i 

Si 

12 

10 

i 

i 

3 

12 

li 

5 

6 

12 

9 

i 

i 

3 

12 

li 

Si 

6i 

12 

8 

i 

i 

3i 

12 

/I 

6 

7i 

12 

7 

i 

i 

3i 

I2i 

2 

6i 

8i 

12 

6 

i 

i 

3i 

I2i 

2i 

7i 

10 

12 

5 

i 

i 

4 

13 

2i 

9 

Hi 

12 

4 

i 

/ 

4i 

I3i 

H 

II 

14 
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TABLE  120. 

Standasd  Sway  Rod  and  Lateral  Connections. 

American  Bridge  Company. 


Smy  Rod  Connections- 


\i/?' 


Kl}  For  upset  rwh& rods  wer/jrwmJ  use  clevises- .^ 
•V  Specify  hexagon9l  nuts  on  all  sway  rods-     ^Sj 
Bolts  can  have  hexagonal  or  square  heads  or  nuts 
Mole  for  rod  punched  ^^ larger  than  rod' 


yr< 


§or^round' 
Vound' 


A 

5 

Size  oFAngk 

6 

R 

12' 
6'tol2' 

6'tol2' 
12' 

6W''i'5'/eng 

A' 

/2' 
6't»/A   12 


5 


Size  of  Angle     6 

T. 


6'b,/2^  eW'i'fi'hog  3i' 


S''4^',6ii)ng 


H 


*; 


Beveled  V\b^sHERs,  Cast  /pon- 


<>\ 


Sketch 

Round 
Rod 

Upset 

A 

B 

c 

D 

£ 

F 

6 

H 

I 

R 

X 

K 

SizeoFSht 
in  Plate 

FHJynL 

Founds 

A 

*:  '■ 

None 

4 

// 

r 

1' 

i' 

r 

r 

ff 

H 

/r 

4' 

fi' 

r'^f 

I'B 

A 

',  't 

'*''i 

H 

// 

/i 

^ 

% 

i 

fi 

// 

H 

2 

5 

fi 

/i'H 

2-6 

B 

i    1 

None 

H 

fi 

/ 

i 

i 

i 

4 

H 

4i 

2 

4i 

li 

ff'H' 

23 

3 

'    ,1 

'hi 

H 

n 

^ 

S 

^ 

i 

// 

a 

6 

H 

6 

H 

/^x/i 

SB 

ll'. 


For  rods  abcnm  Ij  diam-  use  clevxs  connections- 
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J> 


1-4- 


TABLE  121. 

Standard  Lateral  Connections  for  Highway  Bridges. 

American  Bridge  Company. 

^(EWBACK  W,  Weight  6-8  lbs- 

U  99  fit 

SkewbackA  for  rods  up  to  /j  round 


4 


o 


\    or/g  square  (upset  to  l§  "round)  ; 
for  upsets  tg  t/ism-  or  /ess,  angle 
oF  rod  may  vary  from  32''(7-s"in  tZ') 
to60'(l2''in6^')' 

for  upsets  greater  than /g  diam-up 
to  Ig  d/am;  angle  of  rod  may  vary  from 
^^^  "*  ^/J  VOfin  12")  to  60^(12" in  6^")- 

'^  r'V~"t'f^fn'S'"Ti'''        Standard  s/ot  in  beam  3V^6"' 


fTm-  '  >*<- V  -  -  -  -  *^-  -'  -»w  m%\ 


1^ 

Si 


5^f  MOAC/f  V  lVe/g/?t  17  lbs- 


m 

o. 

;.LJ 

4-- 

C-Lofmb^         ''Ra'dius~4i' 


5f<ewbdck  5  For  rods  I4.  round 
or/s  square  (upset  to  I ^^ round); 

[1^" round  (upset  to /i'round)  or 
^      yijr  "square (upset  to  2  "round) 
for  upsets  /§  "diam-  or  iess  , 


'f^^^-'"^*  angkofrodmay  vary  fron?  33  § 


(8''ml2')to  60r/2"in6^y 

For  upsets  greater  tiyan  i§  diam- 
ip  to  2''diam'^  angie  oF rod  may  vary  From 
^Sr(3^'ini2Vto  60Yi2%6^V' 
Standard siot  in  beam  4;Jl  ^6^"* 


1 


*      r-- 


It 


o 


[.a 


Skewback  C,  Weight  23  fbs' 

Skewback  C  For  rods  /J  round  or 
J^  "square  (upset  to  2  "round); 
.   [l^  round  (upset  to  2i  round)  or 
1/j  square  (upset  to  2'^"round) 
Angle  oFrodniay  vary  Front 

'inS^V 


-¥ 
^ 


-A"?"^?"    dV '  dA''^'     T'/^"  Angle  oF rod  may  vary  / 

.    ?*V"^r-V;'  v^^^  40i'(/Ofi„/2Vto64i'(/Z 

^  /           rX^.^^^"C^Ly'^^^\^  *  For  all  rods* 

I            tV  i^  y^^^^^^y  *^^  standard  slot  in  beam  4^ 


r^j=^ 


C't&Fweb^ 


^Ifad/iAS' 


Standard  siot  in  beam  4f"^6^' 
tVbere  upset  end  oF rod  is  greater 

than  2  J  diam;  hole  in  washer  will 

be  drilled  to  Fit  upset  • 


TABLE  122. 

Standard  Lateral  Connections  and  Stub  Ends. 

American  Bridge  Company. 

U  Plate  A,  Weight  3-3 /bs-  a  PLATE  B,  Weight  8'6  lbs- 

/hr  rods  up  to  ji' square  ori^  "round (upset toi^V  _.  xi'squdre  orijroandfvpset  tofjp 


P/ate  5"^^^  11' long- 


\uptoijsSfusfecri§rwnJ(ifSftto2j 


% 
^ 


1-- 


4- 
4' 


4- 


3" 

4" 


:    6i'    : 

Wught  4-3  fbs' 
Plate  Zi'xf,  Ji'long- 
Holes  ^'diani' 


Washer 
Weight  0-5  lbs- 
Plate  i''i''H' 
Max- hole  li' 


/4yi^- 


'?-'*' 


\\ 


C^D 


*-r-n-*"t 


I 
I 

— Jt 


Washer 

Weight  i  lb 
fbteS^"' 
Max- hole  2 i 


If* 


+ 

4t. 

*f 

-4- 

,.' 

+ 

\ 

'^ 

STUBEHDN^2^ 
Weight  S'BlbS' 


Plate 


Stub  End  N'i-  Coopa  HrrcH 
Weight  5-5  lbs- 


Plate  2'"^',  Ti'fong.  Plate2''%'7i'loi9- 


Holes  ^'diam- 


Holes^'diam- 


SruBENOtf^^' 

i^iS^t  i-2  fbs- 

Piste  4H',ii'/a^ 

r  r  r  f 


i  nm<f,7riong  -f  remdj  7i  long  inmd,7itcoj  i  rom<f,8''/cm- 

tHex-Nuts:  i'Tap-  ZHw-Nuts-jTap-  2HexNutyi%-  ZHexNutsfy 
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TABLE  123. 

Standard  Lag  Screws,  Hook  Bolts  and  Washers. 
Aberican  Bridge  Company. 


La6  Screws 
Length 

I 


& 


K 


ismmm 

^Dimneter 


cfScmtfHaJ 


T 


I 

% 

/i 


Mir?' 


Length  Length 


Max-  fhTkead 


per/nch 


iV 

6' 

n 

6 

li 

8 

li 

10 

z 

12 

2 

12 

2i 

12 

3 

12 

5i 

12 

5 

12 

6 

12 

8 

12 

5 
4 
3 


Screw&Head 


Length 


2 

2i 

3 

i{ 

4 

4i 

5 

5i 

6 

7 

8 

9 

10 

II 

12 


Length 


/' 

1 

f 

i 

5 
5 
5 


Beam  Clamp 
f  Coned  Hole 


•<lWj^_.V 


B 

^ -M 


Size  yfiimensionsoFCiamp  Weight 
in  lbs- 


.5 

12' 


18' 
15 
12 
9&IOli 


7i8 
\5&6 


A 


iT 


B 

U  1 

Zi  ' 

2i 

2i 

2 

2 


H 
04 
0-4 
04 
0-4 
Oi 


06E£    WASHERS 


!^ess  farnailhck' 


5/ze 
Bolt 


Heads  are  the  same  as  fbrsquare  head  bolts- 
Threaded portmis  not  t^&idexyitatpmt 


r 


Dimensions  of  Wasi^er 


% 


B 


Skewback  Washers 


Used 
With 


Dimensnos  oF  Washers 


M 


2i' 


3y 


N 


4' 
4i 


2 
2i 


IV 


zr 


r 

/ 


/ 
/ 


4r 

4§ 


Weight 
in  Pounds 


1-2 
18 
25 


27 
i-O 
5-9 


Jl' 

IS 

% 

JZ 


3i 

H 


might 
in  hands 


0-4 
0-7 
hO 


ffomcBoiTS,  VorVSquare^ 

lnl^ingHod<Mtsgive^iBeash>nsA, 
5iL;  affotlierdmasMiK  are  standard- 
Unless  otherwise sptdlwd,'^" will 
btaade^'''  Hex- nuts  fuvish^' 


CAST  Am  C(/p  Washers^' 
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TABLE  124. 
Weights  of  Washers  and  Track  Bolts. 


Weights  or  Lag"Scrsw5. 
Pounds  per  Hundred.    (Kent's  Pocket-book.) 


Diam. 


Length,  Under  Head,  in  Inches. 


In. 


ij       li 


2h 


3l 


4l 


5i 


f 


6.88 


7.50 

11.75 
16.88 


8.25 
12.62 
17.18 


9.2s 
12.88 
18.07 


9.62 
13.28 
19.18 


10.82 
16.62 
22.00 
34.07 


11*50 

18.18 
24.00 
35.88 


13.31 
18.88 
26.82 
39.25 
64.00 


14.82 
19.50 
28.25 
42.62 
67.88 


16.50 
21.25 
30.37 
47-75 
71.37 


17.37 
23.56 
33.88 
51.62 
79.37 


18.82 
25.31 
35-37 
55.12 
86.62 


38.94 
61.88 

92.75 


^75 
97.50 


77.00 
108.75 


90.00 
124.75 


For  American  Bridge  G>mpany'8  Standard  Lag  Screws  see  Table  123. 


Wbought  Iron  ok  Srel  Platb  Round  Wasbsbs. 


Diam. 


In. 


t 

i 

I 

1} 


Hole. 


In. 


Thick- 
ness 
B.W.G. 


No. 


18 
16 
16 
14 
H 
12 


Bolt. 


I 


Num- 
ber in 
aoo  Lb. 


85200 
34800 
26200 
14400 
8400 
5800 


Diam. 


In. 


11 

2 

2I 
2} 
22 


Hole. 


In. 


\t 


Thick. 

ness 

B.W.G. 


No. 


12 
10 
10 

9 
9 
9 


Bolt. 


Num- 
ber in 
200  Lb. 


4600 
2600 
2200 
1600 
1200 
888 


Diam. 


In. 


3 

3* 
3f 


Hole. 


In. 


Thick- 
ness 
B.W.G. 


No. 


Bolt. 


In. 


Num- 
ber in 
300  Lb. 


600 

460 

366 


Standaso  Cast,  O  G  Wasbbss. 


Diam. 
of  Bolt. 


In. 


Bottom 
Diam. 


In. 


2f 

!! 

4 


Top 
Diam. 


In. 


I; 
I- 

2 
2' 
2 


Hole. 


In. 


Thick- 


Weight. 


Lb. 


I 

I'' 
2 


Diam. 
of  Bolt. 


I  : 

I:: 

I:: 

2 


Bottom 
Diam. 


i 


Top 
Diam. 


2f 

3, 
3| 
3* 
4i 


Hole. 


Thick- 


Weisht. 


Lb. 


I' 

I7i 


TsACK  Bolts. 
With  United  Sutes  Standard  Hesa«on  Nuts. 


^1^ 


Lb. 


451085 


I 


In. 


|x4i 

ni 

x3i 


In. 


I 


i 


230 
240 

260 


6.0 

S-7 
S-5 


MsA 


Lb. 


45  to  85 
301040 


S 


In. 


Si 


In.  S5 


^ 


i 


j8j  s-I 
:!37Si4-0 
r  410  J.7 
J,4}S  3-3 
l.46s;3-l 


■8g5 


Lb. 


20  to  30 


tX24 
X2 


In. 


I71S  * 

'760  1 

800  2 

1820  1 

I        I 


2*2 


TABLE  125. 

Weights  of  Steel  Wire  Nails  and  Spikes. 

American  Steel  and  Wire  Co. 


Standasd  Stbxl  Wire  Nails  and  Spikbs. 
Sizes,  l^mgthB  and  Approximate  Number  per  Pouod. 


Siae. 


Barbed 
Car. 


Hinge. 


1^ 


In. 


Sise. 


2d  Ex.  Fine 

2d 
3d  Ex.  Fine 

3d 


1 


5d 
6d 
7d 
8d 
9d 
lod 

I2d 

i6d 

20d 

30d 
40d 
sod 
6od 
Diam. 


876 

■568 

i76 

271 

i8z 

x6x 

106 

96 

69 

63 

49 

31 

24 

18 

14 

ZI 


I3SI 
807 


xoxo 

Tis' 


4x1 


225 


S68 


584 
Soo 
309 
238 
189 
X7a 
121 
"3 
90 
62 


406 
236 
2x0 
us 
13a 

It 

71 

sa 
46 
35 


4a9 

274 
335 
IS7 
139 
99 
90 
69 
62 
49 
37 


1560 
135  X 

XOXj 

778 


2077 
X78: 


714 
469 


I6I5 
1346 
906 


473- 


1558  4" 
365 

2SX 
230 
176 

xsi 
103 


ad  Ex.  Fine 

2d 

3d  Ex.  Fine 
3d 


it 


41  1  3 

38 

30 

a3 

17 

X3 

xo 

8 

7 

6 

5 

4 

3 


1 


Sd 

6d 

7d 

8d 

9d 
lod 
I  ad 
i6d 
aod 

40d 
Diam. 


MiSCBLLANEOUS  SRBL  WISS  NAXX3. 

Approximate  Number  per  Pound. 


Length  in  Inches. 


li   li 


ai 


3i 


4l 


000 

00 

o 

X 

a 
3 
4 
5 
6 
7 
8 
9 
10 
xt 

X2 

X3 
14 
X5 

x6 
17 
x8 
19 
20 

21 

22 


.36a 
^31 
.307 
.283 
.a63 
.a44 
.aas 
.ao7 
.X9a 
.177 
.i6a 
.Z48 
.X35 
.lao 
.xos 
/)9a 
.080 
.07a 
.063 
X)S4 
.047 
.041 
^35 
.03  a 
.028 


axx 
a47 
a99 

345 

i^ 

6a8 
822 
zo7a 
1420 
X7S2 
aaSo 
31  z6 
4138 
5334 
7500 
8888 
Zi4a8 


169 

X97 

a39 

a7S 

331 

397 

S02 

658 

857 

1x36 

X402 

X828 

a495 

33x0 

4a67 

6000 

7x11 

9x43 


100 

xao 

141 

164 

aoo 

a29 

276 

333 

4x8 

548 

7x4 

947 

X168 

xsa3 

a077 

a7S8 

3556 

5000 

S9a6 

76x8 


57 

65 

76 

90 

106 

123 

149 

17a 

ao7 

a48 

3x4 

4XX 

536 

710 

876 

XX43 

X558 

ao69 

a667 

3750 

4444 


a8 

li 

45 

5a 

60 

7a 

85 

99 

lao 

137 

X6S 

198 

2Si 

329 

429 

568 

70  X 

913 

X246 

X6SS 
a  133 
3000 


a3 

a7 

3a 

38 

44 

SO 

60 

7X 

82 

100 

XX5 

X38 

l6s 

209 

a74 

357 

473 

584 

76X 

1038 

X379 

X778 


ao 

a3 

a7 

3a 

37 

43 

5X 

60 

7X 

85 

98 

1X8 

14a 

179 

a3S 

306 

406 

500 

653 

890 

1x82 


17 
ao 

a4 
a8 

32 

38 

45 

53 

6a 

75 

86 

I03 

xa4 

157 


It 

19 

a3 

a6 

30 

36 

4a 

50 

60 

69 

82 

99 

las 

X64 

ax4 

a84 

350 


la 

\i 

X9 

aa 

as 

30 

35 

4X 

50 

57 

69 

83 

105 

X37 

X78 

a36 


10   9 
la  I  10 


71  6a 


W.&M, 

Gauge. 


I 


000 

00 

o 

I 
a 


3 
3i 

li 


These  approximate  numbers  are  an  average  only,  and  the  figures  given  may  be  varied  either  way.  by  changes 
in  the  dimensions  of  lieads  or  poinU.  Brads  and  no-liead  nails  wiU  have  mox«  to  the  pound  than  table  shows, 
and  large  or  tliick-headed  nails  will  have  less. 
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TABLE  126. 
Weights  of  Nails  and  Spikes. 
From  Cambria  Steel. 


Cut  Stbbl  Nails  and  Spikbs. 
Sizes,  J^^njgtha  and  Approximate  Number  per  Pound. 


3d 

"3d 

4d 

5d 

6d 

7d 

8d 

9d 

xod 

1 3d 

i6d 

aod 

25d 

30d 

40d 

sod 

6od 


740 


460 


a8o 

310 

160 

130 

88 
73 
60 
46 
33 
23 

30 

I6J 

13 

10 

8 


400 


360 


x8o 

I2S 

100 
80 
68 
Sa 

48 
40 
34 
24 


I* 


880 


S30 
3SO 
300 
310 

z68 

130 

Z04 

96 

86 

76 


r 


430 
300 

310 
180 
130 
107 

88 

70 

S3 

38 


30 
36 
30 

z6 


zoo 

80 
60 

52 

38 

36 
30 

z8 

16 


X7 

14 


IZ 

9 

7* 

6 

Si 

5 


750 
600 
Soo 
450 
310 
380 

3IO 
190 


400 

304 


334 


340 

380 


330 

180 


5| 


s 


i 

I 

li 


1463 
1300 

IIOO 

800 
650 


960 

7SO 
600 


To- 
bacco. 


130 
97 
8S 
68 
58 
48 


Brads. 


Shingle. 


Z30 

94 
74 
63 
SO 
40 
27 


90 
72 
60 


Square  Boat  Spikss. 
AppRudmate  Number  in  a  Keg  of  200  Pounds. 
Length  of  Spike — Inches. 


J" 
A" 
I" 


3OD0 
z66o 

Z330 


237s 
X360 
ZZ40 


I  6 


30S0  .  l83S 

1330  ZZ7S 
940  I  800 


990 

6so 


880 
600 


52s 


47S 


Size. 


A" 
i" 
I" 


600 
4S0 


S90 
37S 


f 


5x0  400  360 
335  300  375 

360  ^340  ,330 


Z3 


14   16 


175 


160 


Raokoao  Spkbs. 


Size  Under 
Head. 


Inches. 


SiXi 

sixA 

5  XA 
5  XI 
4iXi 
4  X» 


Average 

Number 

01300  Lb, 


300 
375 
400 
450 
530 
600 


Spilces  per  Mile  of 

Single  Track. 
Ties  3  Ft.  c.  to  c. 
4  Spikes  per  Tie. 


Pounds.       Kegs. 


7040 
5870 
5170 
4660 
3960 

3S20 


35i 

29i 
36 

23i 

30 

X7l 


RaUUsed. 

Weight 

per  Yard. 


Pounds. 


7S  to  100 
45  -  75 
40"  56 
35  "  40 
30  "  35 
25  ••     35 


Size  Under 
Head. 


Inches. 


4lXA 
4  XA 
3JXA 
4   XI 
3iX| 
3   XI 
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Average 

Number 

per  Keg 

oc  aooLb. 


680 
720 
900 

1000 
itpo 

1340 


Spikes  per  Mile  of 

Single  Track. 
Ties  3  Ft.  c.  to  c 
4  Spikes  per  Tie. 


3110 
3910 
2350 

3090 

1780 
I7ZO 


Kegs. 


isl 

14I 
zi 

lOl 
9 
8} 


Rafl  Used. 

Weight 

per  Yard. 


Pounds. 


30  to  30 
30  "  30 
16  -  as 
z6  •*  3S 
16  "  30 

16   "   30 


TABLE  127. 

PiPB — Black  and  Galvanized. 

national  tube  company  standabd. 

Standard  Pipe. 


DiameterB,  Inches. 

Weight  per  Foot. 

Couplings. 

Size. 
In. 

Thick- 
ness. 
Inches. 

Threads 
per  Inch. 

Eattemal. 

Internal. 

Plain 
Ends. 

Threads 

and 
Couplings. 

Diameter, 
Inches. 

"O^: 

Weight. 
Pounds. 

i 

.405 

.269 

.068 

.244 

.245 

27 

.562 

i 

.029 

i 

•540 

.364 

.088 

.424 

.425 

18 

.685 

I 

.043 

i 

.675 

.493 

.091 

.567 

.568 

18 

.848 

li 

.070 

i 

.840 

.622 

.109 

.850 

.852 

14 

1.024 

If 

.116 

i 

1.050 

.824 

.113 

1. 130 

I.134 

14 

I.281 

If 

.209 

I 

1.315 

1.049 

.133 

1.678 

1.684 

III 

1.576 

If 

.343 

li 

1.660 

1.380 

.140 

2.272 

2.281 

Ili 

1.950 

aj 

.535 

li 

1.900 

1. 610 

.145 

2.717 

2.731 

Ili 

2.218 

*f 

.743 

2 

2.375 

2.067 

.154 

3.652 

3.678 

"1 

2.760 

2f 

1.208 

2i 

2.875 

2.469 

.203 

5-793 

5.819 

8 

3.276 

«I 

1.720 

3 

3.500 

3.068 

.216 

7.575 

7.616 

8 

3.948 

ii 

2.498 

3i 

4.000 

3.548 

.226 

9.109 

9.202 

8 

4.591 

3» 

4.241 

4 

4.500 

4.026 

.237 

10.790 

10.889 

8 

5.091 

3f     . 

4.741 

4i 

5.000 

4.506 

.247 

12.538 

12.642 

8 

5.591 

3f 

5.241 

S 

S.563 

5047 

.258 

14.617 

14.810 

8 

6.296 

4i 

8.091 

6 

6.625 

6.065 

.280 

18.974 

19.185 

8 

7.358 

4i 

9.554 

7 

7.625 

7.023 

.301 

23.544 

23.769 

8 

8.358 

4l 

10.932 

8 

8.625 

8.071 

.277 

24.696 

25.000 

8 

9.358 

4t 

13.905 

8 

8.625 

7.981 

.322 

28.554 

28.809 

8 

9.358 

4f 

13.905 

9 

9.625 

8.941 

.342 

33.907 

34.188 

8 

10.358 

Si 

17.236 

lO 

10.750 

10.192 

.279 

31.201 

32.000 

8 

II.721 

6i 

29.877 

lO 

10.750 

10.136 

.307 

34.240 

35.000 

8 

II.72I 

6| 

29.877 

lO 

10.750 

10.020 

.365 

40.483 

41.132 

8 

II.72I 

6i 

29.877 

II 

11.750 

11.000 

.375 

45.557 

46.247 

8 

12.721 

6| 

32.550 

12 

12.750 

12.090 

.330 

43.773 

45.000 

8 

13.958 

6i 

43.098 

12 

12.750 

12.000 

.375 

49.562 

50.706 

8 

13.958 

6i 

43.098  , 

13 

14.000 

13.250 

.375 

54.568 

55.824  • 

8 

15.208 

6i 

47.152 

14 

15.000 

14.250 

.375 

58.573 

60.375 

8 

16.446 

6i 

59.493 

IS 

16.000 

15.250 

.375 

62.579 

64.500 

8 

17.446 

6f 

63.294 

1 
F 
1 
1 

the  CO 

A 

desire 

lie  permissible  variation  in  wc 
umished  with  threads  and  coi 
aper  of  threads  is  }"  diametei 
Tie  weight  per  foot  of  pipe  wit 
uplin^,  but  shipping  lengths  c 
Jl  weights  and  dimensions  ai 
d  must  he  specified. 

jight  is  5  p< 
Iplings  anci 
'  per  foot  1< 
li  threads  a 
f  small  size 
ne  nominal 

•r  cent  abo 
in  random 
;nrth  for  al 
nd  couplin 
»  will  usua 
.    On  sizei 

ve  and  5  p4 
lengths  ur 
1  sizes. 
es  is  based 
lly  average 
I  made  in 

iT  cent  belc 
iless  othenfi 

on  a  lengtl 
less  than  : 
more  than 

rise  ordere< 

1  of  20  feet 
to  feet, 
one  weigl] 

1. 

including 
It,  weight 
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TABLE  127,— Continued. 

PiPB — Black  and  Galvanized — Concluded. 

national  tube  company  standard. 

Extra  Strong  Pipe.  Double  Extra  Strong  Pipe. 


Size 

In 

Inches. 

Thick- 
ness, 

Weight 
per  Foot, 
Pounds. 

Size. 
In. 

Diameters. 
Inches. 

Thick- 

Weight 
per  Foot, 
Pounds. 

External. 

Internal. 

Inches. 

Plain 
Ends. 

Extenial. 

Internal. 

Inches. 

Plain 
Ends. 

• 

I 
I 
I 

2 
2j 

li 
it 

I 

405 

.840 
1.050 

1.660 
1.900 

2.375 
2.875 
3-500 
4.000 

4-500 
5.000 

m 

9:62s 
10.750 

11.750 
12.750 
14.000 
15.000 

16.000 

.215 
.302 
.423 
.546 

.742 

.957 

1.278 

1.500 

1-939 
2.323 
2.900 
3.364 

3-826 
4-290 
4.813 
5761 
6.625 
7.625 
8.625 
9-750 

10.750 
11.750 
13.000 
14.000 

15.000 

.095 
.119 
.126 
.147 

.154 
.179 
.191 

.200 

.218 
.276 
.300 
.318 

.337 
.355 
.375 
.432 

.500 
.500 
.500 
.500 

.500 
.500 
.500 
.500 

.500 

.314 

.535 

.738 

1.087 

1-473 

2.996 
3.631 

5.022 

7.661 

10.252 

12.505 

14.983 
17.61 1 
20.778 
28.573 

48.728 
54.735 

60.075 
65.415 
72.091 
77.431 
82.771 

! 

I 

2 

3 
3i 

5 

6 

7 
8 

.840 
1.050 

I.315 
1.660 

1.900 
2.375 
2.875 
3.500 

4.000 
4-500 
5-000 
5-563 
6.625 
7.625 
8.625 

.252 
434 
.599 

1. 100 
1.503 
1,771 
2.300 

2.728 
3.152 
3.580 
4.063 

4.897 

6.875 

.358 
.382 

i& 

.636 

'674 
.710 
.750 

.864 

.875 
.875 

I.714 
2.440 
3.659 
5.214 

6.408 

9.029 

13.695 

18.583 

22.850 

27.541 
32.530 
38.552 

53.160 
63.079 
72.424 

6 

7 
8 

9 

lO 

II 

12 

13 
14 

15 

Furnished  with  plain  ends  and  in  random  lengths 
unless  otherwise  ordered. 

Permissible  variation  in  weight,  for  extra  strong 
pipe,  5  per  cent  above  and  5  per  cent  below. 

For  cfouble  extra  strong  pipe,  lO  per  cent  above 
and  10  per  cent  below. 

All  weights  and  dimensions  are  nominaL 

Large  0.  D.  Pipe. 

1 

Weight  per  Foot,  Pounds. 

Thickness.  Inches. 

i 

A 

t 

A 

i 

ik 

1 

1 

1 

z 

14 

Ve 

17 
i8 

20 
21 
22 

It 

28 

30 

36.713 
39-383 
42.053 
44-723 
47.393 

45.682 
49.020 
52.357 
55.695 
59.032 

65.708 
69.045 
72.383 

54.568 
58.573 

66.584 
70.589 

82.604 
86.609 

94-619 
102.629 

63.371 
68.044 
72.716 

^7-389 
82.061 

91.407 

96.079 

100.752 

110.097 

119.442 

128.787 
138.132 

72.091 

77.431 
82.771 

88.III 
93.451 
104.131 
109.471 
1 14.81 1 
125.491 
136.172 

146.852 
157.532 

80.726 

86.734 
92.742 

98.749 
104.757 
116.772 
122.780 
128.787 
140.802 
152.818 

164.833 
176.848 

89-279 
95.954 
102.629 
109.304 
115.979 
129.330 
136.005 
142.680 
156.030 
169.380 

182.730 
196.081 

106.134 
1 14.144 
122.154 
130.164 
138.174 

154.194 

162.204 

170.215 

186.235 

202.255 

218.275 

234.296 

122.654 
132.000 
141.345 

178.725 

138.842 
149-522 
160.202 
170.882 
181.562 

202.923 

Furnished  with  plain  ends  and  in  random  lengths,  unless  otherwise  ordered. 
All  weights  and  dimensions  are  nominal. 
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TABLE  128L 

Standard  Gages.    CoiiPARATn's  Tablb. 

Carnegie  Steel  Co. 


Gage 

umber. 


Nttinl 


CXXXXXX) 
OOOOCX) 

00000 

0000 

ooo 

00 

o 

I 

2 

3 

4 

I 

7 
8 

9 

10 

II 

12 

13 

!l 

17 
i8 

19 

20 
21 
22 
23 
24 

26 

27 
28 
29 
30 
31 
32 

33 
34 

11 

37 
18 

39 
40 


Thickneas  in  Decimals  of  an  Inch. 


.500 

454 
.425 
.380 
.340 
.300 
.284 
.259 
.238 
.220 
.203 
.180 
.165 
.148 

.134 
.120 
.109 
.095 
.083 
.072 
.065 
.058 
.049 
.042 

•035 
.032 
.028 
.025 
.022 
.020 
.018 
.016 
.014 
.013 
.012 
.010 
.009 
.008 
.007 
.005 
.004 


.500 
.46875 

4375 
40625 

.375 

.34375 

.3125 

.28125 

.265625 

.25 

.234375 

.21875 

.203125 

.1875 

.171875 

.15625 

.140625 

.125 

.109375 

.09375 

.078125 

.0703125 

.0625 

.05625 

.05 

.04375 

'O375 

.034375 

.03125 

.028125 

.025 

.021875 

.01875 

.0171875 

.015625 

.0140625 

.0125 

.0109375 

.01015625 

•009375 

.00859375 

.0078125 

.00703125 

.006640625 

.00625 


.580000 
.516500 
460000 
.409642 
.364796 
.324861 
.289297 
.257627 
.229423 
.204307 
.181940 
.162023 
.144285 
.128490 
.114423 
.101897 
.090742 
.080808 
.071962 
.064084 
.057068 
.050821 
.045257 
.040303 
.035890 
.031961 
.028462 
.025346 
.022572 
.020101 
.017900 
.015941 
.014195 
.012641 
.011257 
.010025 
.008928 
.007950 
.007080 
.006305 
.005615 
.005000 
.004453 
.003965 
.003531 
.003144 


1I 


4900 
.4615 
4305 
.3938 
•3625 
.3310 
.3065 
.2830 
.2625 

.2437 
.2253 
.3070 
.1920 
.1770 
.1620 
.1483 
.1350 
.1205 

.1055 
.0915 
.0800 
.0720 
.0625 
.0540 

.0475 
.0410 
.0348 

.03175 

.0286 

x>258 

.0230 

.0204 

.0181 

.0173 

.0162 

.0150 

.0140 

.0132 

.0128 

.0118 

.0104 

.0095 
.0090 
0085 
,0080 

0075 
.0070 


450 
.400 
.360 
.330 
.305 
.285 
.265 

.245 
.225 
.205 
.190 

.160 

.145 

.130 

.1175 
.105 
.0925 
.0806 

.070 
.061 

.0525 

.045 
.040 

.035 
.031 
.028 
.025 
.0225 


.500 
.464 
.432 
.400 
.372 
.348 
.324 
.300 
.276 
.252 
.232 
.212 
.192 
.176 
.160 

.144 
.128 
.116 
.104 
.092 
.080 
.072 
.064 
.056 
.048 
.040 
.036 
.032 
.028 
.024 

.022 


.020 

.020 

.018 

.018 

.017 

.0164 

.016 

.0148 

.015 

.0136 

.014 

.0124 
.0116 

.013 

.012 

.0108 

X>II 

.0100 

.010 

.0092 

.0095 

.0084 
.0076 

.009 

.0085 

.0068 

.008 

.0060 

•0075 

.0052 

.007 

.0048 

.5000 

.4452 
.3964 
.3532 
.3147 
.2804 
.2500 
.2225 
.1981 
.1764 
.1570 
.1398 

.1250 
.1113 

.0991 
.0882 
.0785 

.0699 
.0625 

.0556 

.0495 

.0440 

.0392 

.0349 

.03125 

.02782 

.02476 

.02204 

.01961 

.01745 

.015625 

.0139 

.0123 
.0110 
.0098 
.0087 
.0077 

.0069 
.0061 

.0054 
.0048 


Unless  otherwise  specified,  all  orders  in  gages  will  be  ejcecuted  to  Birmingham  Wire  Gage. 
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TABLE  129. 
Standard  Gages  and  Weights  of  Sheet  Steel. 
Carnegie  Steel  Co. 


UNITED  states  STANDARD  GAGE 

For 

Shkbt  and  Platb  Stebl. 

Thickneas 

Thickness 

Weight  per 

Thickness 

Thickness 

Weight  per 

Gace 

in 

in 

Square 

Gflgp 

in 

in 

Square 

Number. 

Fractions 

Decimals 

Foot,  in 

Number. 

Fractions 

Decimals 

Foot,  in 

of  an  Inch. 

of  an  Inch. 

Pounds, 
Steel. 

of  an  Inch. 

of  an  Inch. 

Founds, 
Steel. 

ooooooo 

i 

.5 

304 

X7 

ifc 

.05635 

2.395 

oooooo 

U 

46875 

19.135 

x8 

9 

.05 

3.04 

ooooo 

X 

^75 

17.85 

19 

30 

A 

.04375 
/>375 

1.785 
X.53 

oooo 

V 

.40635 

X6.575 

000 

.375 

IS.3 

31 

1^ 

.034375 

14025 

oo 

JJ 

.34375 

14.035 

33 

A 

.03135 

X.275 

0 

.3135 

12.75 

33 

•fV 

.038135 

X.147S 

24 

CT 

.035 

I/>3 

X 

jw 

.38x35 

11475 

3 

u 

.365635 

10.8375 

2S 

vW 

.03X875 

.8925 

3 

J 

.35 

10.3 

36 

tIv 

.01875 

.765 

4 

** 

.334375 

9.S635 

H 

* 

.0171875 
.015635 

.70135 
.6375 

5 

JU 

.31875 

8.935 

6 

If 

.303135 

8.3875 

29 

sfv 

.0x40635 

.57375 

7 

vW 

.1875 

7.6s 

30 

V 

.0X35 

.51 

8 

« 

.171875 

7.0I3S 

31 
33 

Ms 

.0109375 
.010x5635 

44635 
4x4375 

9 

A 

.15635 

6.375 

10 

Jg 

.140635 

5.7375 

33 

sfv 

.009375 

.3835 

II 

1 

.135 

5.1 

34 

iijtv 

.00859375 

^50635 

la 

j^ 

.109375 

44635 

II 

sfv 

.0078x35 

.31875 

inv 

.00703135 

J86875 

13 

A 

.09375 

3.835 

14 

4 

.078135 

3.1875 

37 

lUs 

.006640635 

.3709375 

IS 

n' 

X>703I35 

3.86875 

38 

ih 

.00635 

.255 

i6 

A 

XI63S 

3.55 

BIRMINGHAM  WIRE  GAGE. 

Equivalents  in  Incbbs. 

CORXSSPONDING  WbIGBTS  OT  FLAT  ROLLED  STBBL. 

ThirlniM. 

Pounds 

Gase 

ThickncH, 

Pounds 

Inches. 

c       ^^^ 

Number. 

Inches. 

per 

Square  Foot. 

Square  Foot.      | 

^54 

18.5333 

X7 

X)S8 

20664 

000 

^S 

17.34 

x8 

.049 

1.9992 

— — . 

19 

M42 

X.7136 

oo 

.380 

Ts^soA^ 

30 

JO35 

1428 

o 

J40 

13.873 

31 

X)32 

X.30S6 

I 

.300 

13.34 

33 

/>38 

X.1424 

a 

.384 

11.5873 

23 

J035 

I  Ml 

3 

^59 

10.5673 

24 

J033 

0.8976 

~ 

.338 

~9-7i04 

u 

J020 
.018 

0.816 

o!6528 

1 

.330 

8.976 

37 

/>x6 

.303 

8.3834 

38 

J0X4 

0.5712 

7 

.x8o 

7.344 

8 

.165 

6.73a 

29 
30 

/)I3 

o%1» 

9 

.148 

6.0384 

31 

x>io 

0408 

10 

.X34 

54673 

33 

J009 

0.J672 

IX 

.I30 

4.896 

la 

.109 

44473 

33 

34 

J007 

t^ 

X3 

.09S 

3.876 

35 

joos 

0.3040 

14 

.083 

3.386^ 
a.9376 

36 

JO04 

0.1633 

IS 

.07  a 

x6 

MS 

3.651 
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TABLE  130. 

Clearance  Dimensions  and  Wheel  Loads,  Electric  Cranes. 

McClintic-Marshall  Construction  Co. 


-ft;] — 


c 


O-Q 


I.  '   .1 


? 


I 


This  table  is  for  hoist  of  about  3  a  ft. 
Higher  hoist  may  increase  wheel  base. 
Dimensioiis  "R"  and  "J"  can  be  reduced  if 


Dimensions  in  Feet  and  Inches. 


M 


N 


15 

1 


«s 


Tons. 


i 

5 
S 

s 

5 
S 
5 

7 
7 
7 
7 
7 
7 

10 
10 
10 
10 
10 
10 

15 

IS 
IS 
IS 
XS 
IS 

30 
30 
30 
30 
30 
30 


Ft. 


In. 


Ft.-ln. 


Ft-ln. 


Ft.-ln. 


Ft.-ln. 


Ft.-In. 


Ft.-In, 


Ft.-In. 


Lb. 


Lb. 


In. 


Lb. 


In. 


to  30 
40 
SO 
60 

to  30 
40 
SO 
60 
70 


to  30 
40 

60 
70 

So 

to  30 

40 

so 
60 

70 


to  30 

40 
so 
60 
70 
80 

to  30 

40 

so 
60 
70 
So 


l\ 

xo 

10 

9k 

10 
xo 
10} 

10} 

10} 

xo 
10  : 

10; 
10 

XI: 
IX  : 

xo 
zi 


4-10 
4-xi 
S-  2 
S-  3 

S-  4 
S-  7 

5-  8 

S-il 

6-  o 
6-  3 

S-il 
6-  o 
6-  I 
6-  2 
6-  6 
6-  8 

6-  a 

6-  6 
6-  7 
6-  8 
6-9 
6-11 

6-  7 

6-  9 
6-xo 
6-1 1 

7-  I 
7-  4 

7-  I 
7-  3 
7-  S 
7-6 
7-8 
7-10 


3-1 1 
3-1 1 
3-1 1 
3-1 1 

^"5 
4-6 

4-  6 
4-6 
4-6 

5-  3 

S-  3 
S-  3 
S-  3 
S-  3 
S-  3 

S-  7 

S-  7 
S-  7 
S-  7 
S-  7 
S-  7 

S-il 

s-ii 
s-ii 

S-ii 

S-II 
S-il 

6-zo 
6-10 
6-10 
6-10 
6-xo 
6-10 


1-9 
1-9 
1-8 
1-8 

a-0 
a-o 
2-0 
2-0 
3-0 
2-0 

a-4 

2-4 

»-4 
2-4 
a-3 
a-3 

2-7 
2-6 
2-6 
2-6 
2-6 
2-6 

a-9 
2-9 
2-9 
2-9 
2-8 
2-8 

3-a 
3-a 
3-a 
3-2 
3-3 
3-a 


I-  6 
I-  6 

z- 
I- 


i-i 
I- 1 
I- 1 
i-i 
i-i 


S-2 

5-3 

S-3 
S-3 

5-3 

s-2 
S-3 
S-3 
S-3 
S-2 

S-2 

S-2 
S-2 
S-2 
S-2 
S-3 

6-3 
6-3 
6-3 
6-3 
6-2 
6-2 

6-3 

6-3 
6-3 
6-3 
6-3 
6-3 

6-3 
6-3 
6-3 
6-3 
6-3 
6-3 


S-9 
S-9 

s-« 

s-9 

S-9 
S-9 
S-9 
S-6 
S-6 
S-6 

S-6 
SHS 
S-6 
S-« 
S-3 
S-3 

*"t 
S-6 

S-« 

s-« 

S-6 
S-6 

«:$ 

S-6 
S-6 

s-s 
s-s 

s-s 

s-s 
s-s 
s-s 
s-s 
s-s 


6-  9 

6-1 X 

8-4 

10-  o 

8-  o 
8-  6 
8-  8 

10-  o 

11-  8 
13-  4 

8-6 
8-  8 
8-10 

10-  o 

11-  8 
13-  4 

8-  8 
8-  6 

8-  8 

10-  o 

11-  8 
13-  4 

9-6 
9-6 
9-8 

10-  o 

11-  8 
13-  4 

9-6 
9-6 

9-  8 

10-  o 

11-  8 
13-  4 


9600 
10400 
1 1300 
13600 

1 1600 
13800 
14100 
iSSoo 
X7100 
18900 

14900 
10200 
17600 
Z9100 
20800 
22700 

18500 
19800 
21200 
33700 
34S00 
26800 

35700 
27100 
28500 
39900 

31800 
34300 

33300 
34300 
36300 
38300 
40300 
43800 


Z6700 
19300 
33300 
37700 

I9S00 
22400 
26200 
31300 
37300 
43400 

22300 
24900 
28800 
34100 
40700 
47000 

23SOO 
28400 
32400 
37800 
43100 
52100 

29600 

44000 
S1200 
59800 

34200 
38800 
4SOOO 
S0700 
58200 
70600 


II 
II 
II 
II 

8 
7 
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8 
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10 
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10 
9 
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14 
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16 
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TABLE  131. 

Cleabance  Dimensions  and  Wheel  Loads,  Electric  Cranes 

McClintic-Marshall  Construction  Co. 
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This  table  is  for  hoist  of  about  ja'ft. 
Higher  hoist  may  increase  wheel  base. 
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TABLE  132. 

Crane  Girder  Specifications. 

McClintic-Marshall  Construction  Co. 


HooiBoib 


''DiKn/delbC 


Weight  of 

Rail  per 

Yard. 


Weight  of 
Rail  Splices 

per  Pair 
with  Bolts. 


Weight  of 

RaU 

Clamp. 


Weight  of 
Hook 
Bolts. 


Crane  Stop. 


Plates. 


Cast 
Iron. 


Area  of 
Rail. 


Height 

and  Width 

of  Base 

of  Rail. 


Web  of 
RaU. 


Width  of 
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of  Rail. 
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Crane  Rails:  Crane  Rails  are  attached  to  the  girder  by  means  of  clips  or  hook  bolts,  the  latter  being  used 
chiefly  for  I- Beams,  the  flange  being  too  narrow  for  a  clip,  and  has  the  advantage  of  saving  punching  in  the  top 
flange.  Clips  and  hook  bolts  provide  for  adjusting  slight  inaccuracies  in  the  alignment  of  the  rails.  Rail  Splices 
should  consist  of  a  flat  bar  fish  plate  or  a  rolled  fish  plate  as  angle  splices  are  apt  to  interfere  with  the  flange  of 
the  crane  wheels.     Provide  our  standard  crane  stop  at  the  end  of  the  rail.  ^ 

Dimensions:  In  preparing  design  indicate  clearly  distances  A.  R.  J.  E.  G  and  distances  of  floor  line  to  top 
of  rail.  These  dimensions  should  be  submitted  to  owners  with  design,  but  before  ordering  or  manufacturing 
any  material  for  the  work  the  owner's  approval  should  be  obtained  for  same. 
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TABLE  133. 

Typical  Hand  Cranes. 

McClintic-Marshall  Construction  Co. 


1 


Tons. 

2 
2 
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Ft. 


30 
SO 
30 
50 
30 
SO 
30 
SO 


Ft. 


Lb. 
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II 
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S 
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In. 
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7 
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SI 


Lb.  per  Yd. 


30 
30 
30 
30 
30 
30 
35 
35 


30 
30 
30 
30 
35 
35 
40 
40 


Tons. 


10 
10 
12 
12 
14 

\t 

16 


Ft. 


30 
50 
30 
50 
30 
50 
30 
50 


Ft. 


Lb. 


13000 
14400 
20700 
22300 
26000 
28000 
32300 
35000 


Ft. 


I 

I 

6 


In. 

10 
10 
10 
10 
10 
10 
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12 


Wt.  or  Rails. 

I    si 

Lb.  per  Yd. 


40 
40 

45 
45 
50 
50 
50 
50 


40 
40 
45 
45 
50 
50 
55 
55 
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TABLE  134, 
Diagram  for  Stress  in  Eye-bars  Dub  to  Weight. 


L5        2  3         4       56763  10 

I& II. Depth  of  Bar  in  Inches 
lU.y/'^yi  in  Tens  of  Thousandths 

Problem. — Required  stress  due  to  weight  of  a  4  in.  x  i  in.  eye-bar,  20  ft.  long,  which  has  a 
direct  tension  of  56,000  lb. 

Then,  /»  =  4  in.;  L  =  20  ft.,  and  ft  =  14,000  lb.  per  sq.  in.  The  stress  due  to  weight,  A, 
is  found  from  the  diagram  as  follows:  On  the  bottom  of  the  diagram,  find  A  -  a  in.;  follow  up  the 
vertical  line  to  its  intersection  with  inclined  line  marked,  L  =  20  ft.,  then  follow  the  horizontal 
line  passing  through  the  point  of  intersection  out  to  the  left  mar^n  and  find,  yt  ■  3*3  tens  of 
thousandths;  then  follow  vertical  line,  h  =  a  in.,  up  to  its  intersection  with  inclined  line  marked, 
ft  =  14,000,  and  then  follow  the  horizontal  line  passing  through  the  point  of  intersection  to  left 
margin  and  find,  yi  =  7.2  tens  of  thousandths.  Now  yi  +  ;yi  -  7-2  +  ^-3  -  I0-5-  F»ncl  yi 
H-  yi  =  10.5  on  lower  edge  of  diagram,  follow  vertical  line  to  its  intersection  with  line  marked 
"Line  of  Reciprocals"  and  find  on  right  margin, /i  =  950  lb.  sq.  in. 

For  a  bar  inclined  at  an  angle  0  with  a  vertical  line  multiply  the  fiber  stress  calculated  for  a 
horizontal  bar  as  above,  of  the  same  length,  and  multiply  the  fiber  stress  thus  obtained  by  sin  0. 
For  example  if  the  bar  above  is  inclined  at  an  angle  of  45  degrees  with  the  vertical;  the  fiber  stress 
due  to  weight  is,  /»  -  950  x  sin  ^  =  950  x  0.707  «  672  lb.  ,  ,        ,  .^      . .  •_     .« 

Every  intersection  of  the  inclined  ft  and  L  lines  has  for  its  abscissa  a  value  01  A,  which  will 
have  a  maximum  fiber  stress,  /i,  for  the  given  values  of  ft  and  L.    For  example  f or  L  »  10  ft.; 
ft  =  12,000  lb.,  we  find  h  =  8.3  in.,  and/i  »  1,700  lb.    A  deeper  or  shallower  bar  will  giv' 
value  of/i. 
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TABLE  135. 
Diagram  for  Stresses  In  Square  Plates. 
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Stf e  Loads  on  Square  Plates. — ^The  safe  loads  on  square  plates  for  a  fiber  stress  of  i<vxx> 
pounds  per  square  inch  may  be  obtained  from  the  diagram.  As  an  example,  required  the  safe  load 
for  a  }-in.  plate  3  feet  square.  Begin  at  3  on  the  bottom  of  the  diagram,  follow  upward  to  the 
line  marked  i-in.  plate,  from  the  intersection  follow  to  the  left  edge  and  find  280  lb.  per  sq.  ft. 
For  any  other  fiber  stress  multiply  the  safe  load  found  from  the  diagram  by  the  ratio  of  the  fiber 
stresses.    To  use  the  diagram  for  a  rectangular  plate  take  a  square  plate  having  the  same  area. 

For  formulas  for  strength  of  plates,  see  page  313,  Chapter  VIII. 
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TABLE  136. 


AppR0XfMAr£  Radii  OF  Gyration  OF  ^Aiiious  Structural  Sfctions. 
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1^ 


t»...^....>j 


r^^md 

V6i45b 


w 


<!<%//< 


T 


\B 


^//^^ 


i^ 


[•-  *  -*! 


mt 


(;=<y/</ 


j   I-.5  5-^i//J 


15 


!*"  b-">\ 

B 


1^  • 


'"^i—- 


r*-  ^— *< 


1^ 


\B 
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TABLE  137. 
Details  of  a  Steel  Stair. 


..^' 


I   I 


k' 


tr\    '0    ft     w  fir 


Holes  %''4' 
.     0N£-5TAlf^  H0R5£  F2 

On£-    »       »     (left)  F3 
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TABLE  151 
Properties  op  Bethlehem  I  Beams 


•8 


In. 


I 

I 


Lb. 


I 


In.« 


In. 


In. 


In. 


«— 


Jl 


a 


\j 


Moment  of  Inertia 


Axis 
x-i 


In.« 


Axis 

t-2 


In.« 


Radius  of  Gy- 
ration 


Axis 

x-x 


In. 


Axis 


In. 


Axis 
x-i 


In.« 


Lb. 


8a 

is 


So 

I® 


Ml 


FL-Lb. 


11 


s-a<2 

II 

n 

II 


Ftv- 
Lb. 


In. 


30 
28 
26 
24 


120 


20 


18 


IS 


10 


IDS 

90 

84 
83 

73 
82 

69 

S9 

59 
54 
52 
48.S 

71 
64 

^1 
41 

38 

36 
32 
28.S 

28.S 
23.5 

H 
20 


19.5 

17-5 


35.30 

30.88 

26.49 

24.80 
24.59 
21.47 

24.17 

21.37 
20.26 
18.86 
17.36 

17.40 

15.87 
15.24 
14.25 

20.95 
18.81 
15.88 
13.52 
12.02 
11.27 

io.6x 

9.44 
8.42 

8.34 
6.94 

6.01 

5.78 
5.18 


.540 

.500 

.460 

.460 
.520 
.390 

•570 
.430 
.520 
.450 
.375 

.495 
.410 

.375 
.320 

i1 

.410 
.440 

•340 
.290 

.310 

'335 
.250 

.390 
.250 

.365 
.250 

•325 
.250 


10.500 

10.000 

9.500 

9.250 
9.130 
9.000 

8.890 
8.750 
8.145 
8.075 
8.000 

7.675 
7.590 
7.55s 
7.500 

7.500 

7.195 
7.000 
6.810 
6.710 
6.660 

6.300 
6.205 
6.120 

5.990 

5.850 

5.555 
5.440 

5.325 
5.250 


.Oil 

on 
012 

012 
.012 

.015 
.015 
.015 
.015 
.015 

.016 
.016 
.016 
.016 

.020 
.020 
.020 
.020 
.020 
.020 

025 
.025 
.025 

.029 
.029 

033 
.033 

.037 
.037 


5  239.6 
4  014. 1 
2  977.2 


381.9 
240.9 
091.0 

559.8 
466.5 
268.9 
222.1 
172.2 

883.3 
842.0 
825.0 
798.3 

796.2 
664.9 
610.0 
484.8 

456.7 
442.6 

269.2 
228.5 
216.2 

134.6 
122.9 

92.1 
85.1 

60.6 
57  4 


165.0 

131.5 
101.2 

91.1 

78.0 
74.4 

79.9 
75.9 
51.2 
49.8 
48.3 

39.1 
37.7 

36.2 

61.3 
41.9 

38.3 
25.2 
24.0 
23.4 

21.3 
16.0 

15.3 

12.1 
11.2 

8.8 
8.2 

6.4 


12.18 
11.40 
10.60 

9.80 

9.55 
9.87 

8.03 
8.28 

7.91 
8.05 
8.22 

7.12 
7.28 
7.36 
7.48 

6.16 

6.20 

6.16 
6.27 

S.04 
4.92 
5.07 

4.02 
4.21 

3.62 
3.76 

3.24 

3-33 


2.16 

2.06 

1.95 

.92 
.78 
.86 

.82 
.88 

•59 
.62 
.66 

.50 

.56 
.59 

.71 
.49 

Ji 

.41 
.44 

.42 

30 
35 

.21 
27 

,12 
17 

.08 
.11 


349.3 

286.7 

229.0 

198.5 
186.7 
174.3 

156.0 
146.7 
126.9 
122.2 
117.2 

98.1 
93.6 

91.7 
88.7 

106.2 
88.6 
81.3 
64.6 
60.9 
59.0 

44.9 
38.1 
36.0 

26.9 
24.6 

20.5 
18.9 

15.1 
14.3 


103  800 

89  000 

75  300 

75  100 
93  100 
54000 

102  400 
64  900 
88  200 
69  400 
SO  000 

78  000 
57  500 
49  200 
36  700 

77  900 
93  900 
54  800 
60  000 
39  900 
30  100 

32  200 
35  800 
22  200 

39  800 
21  000 

33  900 
20  100 

26  900 
18  900 


465  740 
382  300 
305  350 

264  660 
248  980 
232  340 

207  980 
195  540 
169  190 
162  950 
156  290 

130  860 
124  740 
122  220 
118  260 

141  540 

118  200 

108  450 

86  180 

81  180 

78  680 

59  830 
50  770 
48  050 

35  880 
32  770 

27  290 
25  220 

20  200 
19  130 


I  960 

I  830 

I  700 

I  570 
I  570 
I  570 

I  307 

I  307 

I  307 

I  307 

I  307 

I  177 
I  177 
I  ^77 
I  177 

980 
980 
980 
980 
980 
980 

785 
785 
.785 

654 

590 
590 

522 
522 


23.98 

22.43 
20.84 

19.22 
18.76 
19.38 

15.65 
16.13 
15.51 
15.77 
16.09 

13.93 
14.24 
14.38 
14.62 

11.85 
11.51 
12.00 
11.66 
12.00 
12.20 

9.67 
9.49 
9.77 

7.67 
8.03 

6  88 

7  16 

6.11 
6.28 
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TABLE  152 
Properties  of  Bethlehem  Girder  Beams 


1^ 

E-S 

it 


J\ 


:i 


\i 


Moment  of  Inertia 


Azisi-i 


Axis  a-a 


Radius  of  Gy- 
ration 


Axisi-z 


Axis 
2-a 


Axis 
x-i 


Si 


g 


a 


Hi 


•3? 


Ml 


i! 


In. 


Lb. 


In.* 


In. 


In. 


In. 


In.« 


In.« 


In. 


In. 


In.' 


Lb. 


FU-Lb. 


Pt^ 
Lb. 


In. 


200 
180 

180 
16s 

160 
150 

140 
120 

140 
112 

92 

140 
104 

73 

70 
55 

44 

38 

32.5 


58.71 
53.00 

52.86 
4847 

46.91 
43.94 

41.16 

35.38 

41.19 
32.81 

27.12 

41.27 
30.50 
21.49 

20.58 
16.18 

12.95 

11.22 

9.54 


750 
.690 

690 
660 

630 
.630 

600 
.530 

.640 

■550 

.480 

800 
.600 
.430 

.460 
.370 

.310 

•300 

.290 


15.00 
13.00 

14-35 
12.50 

13.60 
12.00 

13.00 
12.00 

12.50 
12.60 

11.50 

11.75 
11.25 
10.50 

10.00 
9.75 

9.00 
8.50 
8.00 


.010 
.010 

.011 
.011 

.011 
.011 

.012 
.012 

.015 
.015 

.016 

.020 
.020 
.020 

■025 
.025 

.030 

.033 

.037 


9  150.6 
8  194.5 

1  ^^^'^ 
6  562.7 

5  620.8 
5  153.9 

4  201.4 
3  607.3 

2  934-7 
2  342.1 

I  5914 

I  592.7 

I  220.1 

883.4 

538.8 
432.0 

244.2 

170.9 

114.4 


630.2 
433.3 

5333 
371.9 

435.7 
314.6 

346.9 
249.4 

348.9 
239.3 

182.6 

331.0 
.213.0 
123.2 

114.7 
81.1 

57.3 
44.1 
32.9 


1248 
12.43 

11.72 
11.64 

10.95 
10.83 

10.10 
10.10 

844 
8.45 

7.66 

6.21 
6.32 
641 

5.12 
5.17 

4-34 

3.90 

3.46 


3.28 
2.86 

3.18 
2.77 

3.05 
2.68 


2.90 
2.66 


2.91 
2.70 

2.59 

2.83 
2.64 
2.39 

2.36 
2.24 

2.10 

1.98 

1.86 


610.0 
546.3 

518.9 
468.8 

432.4 
396.5 

350.1 


300.6  98 
124 


293.5 
234.2 

176.8 

212.4 
162.7 
117.8 

89.8 
72.0 

48.8 

38.0 

28.6 


189 
165 

161 

150 

135 
135 

121 


300 
200 

500 
300 

900 
900 

700 
500 

200 
500 


76  100 


»34 
94 
59 

57 
42 

29 
26 

23 


200 
300 
200 

200 
300 

800 

700 

600 


813  390 
728  400 

691  880 
625  020 

576  490 
528  600 

466  820 
400  820 

391  280 
312  290 

235  760 

283  150 
216  910 
157  080 

119  730 
96  000 

65  130 

50  630 

38  140 


I  960 
I  960 

I  830 
I  830 

I  700 
I  700 

I  570 
I  570 

I  307 
I  307 

I  177 

980 
980 
980 

785 
785 

654 

590 

522 


24.09 
24.20 

22.57 
22.60 

21.03 
20.99 

19.35 
1948 

15.85 
16.01 

1441 

•11.06 
1149 
11.89 

♦9.08 
♦9.31 

♦  7.60 

♦  672 
5.85 


*  Denotes  that  the  distance  given  is  less  than  the  dintance  center  to  center  of  beams  placed 
close  together  with  flanges  in  contact. 
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TABLE  153 
Properties  of  Bethlehem  H  Columns 


1 

1 

s 

"S 

1 

1 

< 

1 

e 
1- 

c 

9 

1 

=> 

^ 

/jf  ■ 

W 

i 

^- 

^^X^,:^ 

— [■        • 

1 

■  lyj 

»                                       1 

Moment  of 

Radius  of 

Section 

i 

H 

I..enia 

Gyration 

Modulus 

Axis 

Axis 

Axis 

Axis 

Axis 

Axis 

D 

I- 1 

2-a 

I- 1 

a-a 

X-I 

2-a 

T 

B 

W 

M 

N 

G 

L 

II 

II 

n 

ff 

St 

S> 

In. 

Lb. 

In. 

'   In. 

In. 

In. 

In. 

In. 

In. 

In.« 

In.« 

In.« 

In. 

In. 

In.> 

In.« 

14" 

H  Columns 

1 

I3| 
13* 

83.S 

f 

13.92 

.43 

.620 

'755 

•4 

t^t 

884.9 
976.8 

294.5 

6.01 

3.47 

128.7 

42.3 

91.0 

13.96 

47 

.683 

.817 

3254 

6.04 

349 

140.8 

46.6 

14 

99.0 

tt 

14.00 

•SI 

.74s 

.880 

19U 

29.06 

I  070.6 

356.9 

6.07 

350 

153.0 

51.0 

Hi 

106.5 

} 

14.04 

'55 

.808 

.942 

19H 

31.38 

I   166.6 

387.8 

6.10 

3.52 

165.2 

55.2 

^^\ 

II4.S 

if 

14.08 

.S9 

.870 

1.005 

20^ 

33.70 

I  264.S 

420.3 

6.13 

3-53 

177.S 

ti 

HI 

I22.S 

14.12 

.63 

.933 

1.067 

20] 

h 

36.04 

If 

4534 

6.16 

3-55 

189.9 

i4i 

I30.S 

'A 

14.16 

.67 

995 

1. 130 

20 

38.38 

486.9 

6.18 

3.56 

202.3 

68.8 

I4I 

138.0 

»t. 

14.19 

.70 

1.058 

1. 192 

20 

40.59 

I  568.4 

519.7 

6.21 

3.58 

214.5 

73.3 

I4i 

146.0 

'^ 

14.23 

.74 

1. 120 

1.255 

20 

42.9s 

I  674.7 

5544 

6.24 

3-59 

227.1 

77.9 

14I 

154.0 

li 

14.27 

.78 

1. 183 

1-317 

20 

« 

45.33 

I  783.3 

589.S 

6.27 

3.61 

239.8 

82.6 

15 

162.0 

lA 

14.31 

.82 

1.245 

1.380 

20 

M 

47.71 

626.1 

6.30 

3.62 

252.5 

87.5 

15* 

170.5 

il 

14.3s 

.86 

1.308 

1.442 

20l 

1 

50.11 

2  007.0 

662.3 

6.33 

3.64 

2654 

92.3 

IS 

'l!-5 

lA 

14.39 

■90 

1.370 

i-SOS 

21 

g 

52.51 

2   122.3 

699.0 

6.36 

3.65 

278.3 

97.2 

186.5 

14.43 

.94 

1433 

1.567 

2l| 

i 

54.92 

2  239.8 

736.3 

6.39 

3.66 

291.4 

102. 1 

IS 

195.0 

lA 

14.47 

.98 

I.49S 

1.630 

21 
21} 

5 

57.35 

2  359-7 

774.2 

6.41 

3.67 

304.5 

107.0 

IS 

203.5 

14.51 

1.02 

1.558 

1.692 

s 

59.78 

2  481.9 
2  603.3 

8126 

H 

3.69 

317.7 

1 12.0 

IS 

21 1.0 

li 

14.S4 

1.05 

1.620 

I.7SS 

21A 

»J 

62.07 

li^'^ 

6.48 

3.70 

330.6 

1 16.9 

'5* 

219.5 

14.58 

1.09 

1.683 

1.817 

21A 
21H 

^:|i 

2  730.2 

889.3 

6.51 

3.71 

3440 

122.0 

16 

227.5 

5tt 

14.62 

1.13 

1.74s 

1.880 

2  859.6 

9294 

6.53 

3-73 

3575 

127-I 

i6| 

236.0 

'I 

14.66 

1.17 

1.808 

1.942 

2lU 

2l}f 

^45 

2  991.5 

970.0 

6.56 

3  74 

371.0 

132.3 

16} 

244-S 

lif 

14.70 

1.21 

1.870 

2.005 

71.94 

3  125.8 

I  011.3 

6.59 

3.75 

384.7 

137.6 

16} 

253.0 

14.74 

1.2^ 

1.933 

2.067 

22A 

76.93 

3  262.7 

I  053.2 

6.62 

3.76 

398.5 

142.9 

i6i 

261.5 

*^ 

14.78 

1.29 

I.99S 

2.130 

22A 

3  402.1 

I  095.6 

^il 

3.77 

412.4 

148.3 

i6i 

270.0 

**. 

14.82 

1-33 

2.058 

2.192 

22A 

79.44 

3  544-1 

I  138.7 

6.68 

3.79 

426.4 

153.7 

16} 

278.5 

*l^ 

14.86 

1-37 

2.120 

2.255 

22S 

81.97 

3688.8 

I  182.4 

6.71 

3.80 

440.5 

159.1 

i6{ 

287.S 

«i 

14.90 

MI 

2.183 

2.317 

22^ 

84.50 

3  836.1 

I  226.7 

6.74 

3.81 

4547 

164.7 

12" 

H  Coi 

.UMNS 

1 

::i 

64.S 

t. 

11.92 

-39 

.567 

683 

16J 

19.00 

499.0 

168.6 

5.13 

2.98 

84.9 

28.3 

71.S 

11.96 

43 

.630 

•745 

i6i 

5, 

20.96 

556.6 

188.2 

5.15 

3.00 

93.7 

31-5 

12 

7SJ0 

j 

12.00 

47 

.692 

.808 

22.94 

615.6 

208.1 

5.18 

3.01 

102.6 

34-7 

I2I 

84.5 

• 

i 

12.04 

•SI 

'755 

.870 

i7i 

1 

24.92 
2692 

676.1 

228.5 

5.21 

3.03 

111.5 

37.9 

12 
12} 

91.S 

: 

12.08 

•55 

.817 

.933 

17 

^ 

738.1 

249.2 

5.24 

13 

120.5 

41.3 

98.5 

f 

12.12 

•S9 

.880 

•995 

J 

28.92 

801.7 

270.1 

5.27 

129.6 

44.6 

I2| 

105.0 

I 

12.16 

.63 

.942 

1.058 

17* 

1 

30.94 
32.96 

866.8 

291.7 

5.30 

^'^ 

138.6 

4Sx> 

I2t 

II  2.0 

'A 

12.20 

•67 

1.005 

I.120 

V 

^ 

9334 

313.6 

5-33 

3X)8 

147.9 

514 

12} 

1 18.5 

i». 

12.23 

.70 

1.067 

1.183 

i 

34.87 

I  000.0 

335.0 

536 

3.10 

156.9 

54.8 

I2i 

125.5 

*A 

12.27 

.74 

1.130 

1.245 

i 

^* 

36.91 

I  069.8 

357.7 

5.38 

3.11 

166.2 

58.3 

13 

132.5 

li 

12.31 

.78 

1.192 

1.308 

* 

38.97 

I  141-3 

380.7 

541 

3.13 

175-6 

61.9 
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TABLE  ISS.—Continued 
Properties  of  Bethlehem  H  Columns 


1 

1 

^ 

1 

4 

* 

c 

9 

=4= 

==, 

1 

^TFli 

• 
1 — a 

^ 

fZt 

"8 

.\y 

n 

^ 

1 

1 
1 

i 

1 

^ 

-4^^- 

JU-..tl 

1 

ol 

A  .'    "v          A 

^1   V'l 

Moment  of 

Radius  of 

Section 

^ 

U     Jl     ^ 

Inertia 

Gyration 

Modulus 

Axis 

Axis 

Axis 

Axis 

Axis 

Axis 

D 

- 

i-i 

2-3 

i-i 

2-2 

I-I 

a-j 

T 

B 

w 

M 

N 

G 

_  L 

Ii 

It 

n 

n 

St 

S| 

In. 

Lb. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In.» 

In.« 

1      In.« 

In. 

In. 

In." 

ln.» 

xa"  H  Columns                                                                           | 

13 

1395 

'P 

12.35 

.82 

1.255 

1.370 

18 

41.03 

I  214.5 

404.1 

5.44 

3.14 

185.0 

654 

13 

146.S 

«i 

12.39 

.86 

1.3 17 

1.433 

i8i 

43.10 

I   289.4 

428.0 

5.47 

3.IS 

194.6 

69.1 

13 

153.5 

■r^ 

12.43 

.90 

1.380 

1495 

18 

4519 

I  366.0 

452.2 

5.50 

3.16 

204.3 

72.8 

13 

16 1.0 

li 

12.47 

.94 

1.442 

1.558 

18 

47.28 

I  444.3 

477.0 

5.53 

3.18 

214.0 

76.5 

10"  H  Columns                                                                           | 

9l 

49.0 

A 

9.97 

.36 

.514 

.611 

I4A 

14.37 

263.5 

89.1 

4.28 

2.49 

534 

179 

10 

54-0 

10.00 

•39 

•577 

.673 

I4A 

15.91 

296.8 

1004 

4.32 

2.51 

111 

20.1 

10 

59.5 

i 

10.04 

.43 

.639 

.736 

14 

k 

% 

17.57 

331.9 

II2.2 

4.35 

2.53 

22.3 

10 

65.5 

10.08 

.47 

.702 

if 

14 

19.23 

368.0 

I2J.2 
136.5 

4.37 

2.56 

71.8 

24.6 

10 

71.0 

1 

10.12 

.51 

.7^4 

.861 

14 

•* 

20.91 

405.2 

4.40 

78.1 

27.0 

10 

77.0 

10.16 

•55 

.827 

•923 

14 

1 

22.59 

443-6 

I49.I 
162.0 

4.43 

2.57 

84.5 

294 

10 

82.5 

i 

10.20 

•59 

.889 

.986 

14 

9 

24.29 

483.0 

4.46 

2.58 

90.9 

31.8 

la 

88,5 

I 

10.24 

.63 

.952 

1.048 

Hi 

3 

25.99 

523.5 

I75.I 

4.49 

2.60 

974 

34.2 
36.7 

10 

94.0 

'^ 

10.28 

.67 

1. 014 

I. Ill 

15, 

8 

27.71 

565.2 

188.6 

4.52 

2.61 

103.9 

II 

99.5 

1} 

10.31 

.70 

1.077 

1.173 

i5» 

29.32 

607.0 

201.7 

4.55 

2.62 

1 104 

39.1 

II 

105.5 

lA 

10.35 

•7J 

1.139 

1.236 

15A 

31.06 

651.0 

215.6 

4.58 

2.64 

1 17.0 

41^7 

11 

iii.S 

ij 

10.39 

.78 

1.202 

1.298 

15A 

32.80 

696.2 

229.9 

4.61 

2.65 

123.8 

46.9 

II 

1 17.5 

»^ 

10.43 

.82 

1.264 

1.361 

15A 

34.55 
36.32 

742.7 

244.4 

4.64 

2.66 

130.6 

II 

123.5 

if 

10.47 

.86 

1.327 

1423 

15A 

790.4 

259.3 

4.67 

2.67 

137.5 

49.5 

8"  H  Columns 

1 

7i 

32.0 

A 

8.00 

•31 

•399 

.476 

iii 

9.17 

105.7 

35.8 

3.40 

1.98 

26.9 

8.9 

8 

34-5 

i 

8.00 

.31 

.462 

.538 

11} 

10.17 

121.5 

4I.I 

346 

2.01 

304 

ia3 

^ 

39.0 

t 

8.04 

•35 

•524 

.601 

11^ 

11.50 

139.5 

472 

3.48 

2.03 

H'^ 

11.7 

8 

43.5 

8.08 

•39 

.587 

.663 

II A 

12.83 

158.3 

534 

3.51 

2.04 

384 

13.2 

8 

48.0 

i 

8.12 

43 

.649 

.726 

iifi 

V 

14.18 

177.7 

59.8 

3.54 

2.05 

424 

id.3 

8 

53.0 

8.16 

47 

.712 

.788 

iiff 

« 

15.53 

197.8 

66.3 

3.57 

2.07 

46.5 

8 

57.5 

i 

8.20 

•51 

.774 

.851 

1 

16.90 

218.6 

73.1 

3.60 

2.08 

50.7 

17.8 

8 

62.0 

8.24 

•55 

.837 

.913 

j»A 

^ 

18.27 

2^0.2 
262.5 
285.6 

80.0 

3.63 

2.09 

54.9 

194 

8 

67.0 

t 

8.28 

•59 

.899 

.976 

« 

19.66 

87.1 

3-^S 

2.11 

592 
63.5 

21.0 

9 

71.5 

I 

8.32 

.63 

.962 

1.038 

i 

21.05 

94.4 

3.68 

2.12 

22.7 

9 

76.5 

lA 

8.36 

.^ 

1.024 

I.IOI 

22.46 

309.5 

101.9 

3.71 

2.13 

67.8 

26.0 

9 

81.0 

i{ 

8.39 

•70 

1.087 

1. 163 

23.78 

333.5 

109.2 

3  75 

2.16 

^ii 

9 

85.5 

lA 

8.43 

•74 

1.149 

1.226 

12 

25.20 

359.0 

1 17.2 

3.77 

76.6 

27.8 

9 

90.5 

'* 

847 

.78 

1.212 

1.288 

12 

26.64 

385.3 

125.1 

3.80 

2.17 

81.1^ 

29.6 

260 


TABLE  154. 
Pkopekties  o¥  Bethlehem  Compound  Columns. 


J 

K-- 

o~ 

-J 

■C 

IB 

~i 

A      *               I 

1                      ■ 

^^^fn 

"f 

1 

ill—" 

"Sf 

J^,. 

i 

-ft. U|— A. 

Rcenforoed 

with 

Cover  Plates 

r                   1 

i       . 1 

B 

Depth. 

Total  Section. 

Dimensioiis. 

Moment  of  Inertia. 

Radius  of  Gyim- 
tion. 

Section  Modo. 
lus. 

Corer  Plates. 

Axis 

Asia 
B-B. 

Axis 
A-A. 

Asia 
B-B. 

Axis 

Axis 
B-B. 

Weiglit. 

Area. 

H 
Section. 

Width. 

Thick- 
ness. 

G 

A-A 

H 

C 

P 

Ia 

Ib 

'A 

'B 

Sa 

ln.« 

In^ 

Lb. 

In.* 

In. 

In. 

In. 

In 

In.4 

In.4 

In. 

In. 

In.« 

•M 

284.0 

83.52 

16 

li 

23A 

3737-7 

I32I.9 

6.69 

3.98 

449-6 

165.2 

290.8 

85.52 

D 

16 

•^ 

23A 

3876.9 

1364.6 

6.73 

3.99 

462.9 

170.6 

i6i 

297.6 

87.52 

I4t 

16 

If 

23t 

4018.2 

1407.3 

6.78 

4.01 

476.2 

175.9 

17 

304-4 

89.52 

16 

»^ 

231 

4161.7 

1449.9 

6.82 

4.0a 

489.6 

181.2 

17 

3II.2 

91.52 

16 

li 

231 

fr 

4307.2 

1492.6 

6.86 

4.04 

503.0 

186.6 

17 

318.0 

93.52 

16 

ift 

23 

4454.9 

1535.3 

6.90 

4.05 

516.5 

I9I.9 

17! 

324.8 

95-52 

T 

16 

23 

460^.8 

1577.9 

6.94 

4.06 

530.0 

197.2 

I7i 

331.6 

97-52 

i 

16 

u 

23 

\ 

4756.8 

1620.6 

6.98 

4.08 

543-6 

202.6 

17I 
I7i 

338.4 

99.52 

16 

23 

4951-0 

1663.3 

7.02 

4.09 

557-3 

207.9 

345.2 

101.52 

16 

iH 

231 

5067.5 

1705.9 

7.07 

4.10 

571.0 

213.2 

17I 

350.3 

103.02 

B 

17 

24J 

5132.5 

I9OI.6 

7.06 

4.30 

582.4 

223.7 

m 

357.5 

105.15 

14.90 

17 

* 

*+l 

\ 

5298.7 

1952.8 

7.10 

4.31 

597-0 

229.7 

iri 

364.7 

107.27 

17 

24 

5638.1 

2003.9 

7.18 

4.32 

611.7 

235.8 

18 

372.0 

109.40 

17 

1 

24 

2055.1 

4.33 

626.5 

241.8 

i8i 

379.2 

III.52 

W 

17 

24 

5811.5 

2106.3 

7.22 

4.35 

641.3 

247.8 

i8i 

386.4 

113.65 

1.41 

17 

*^ 

24^ 

* 

5987.2 

2157.5 

7.26 

4.36 

656.1 

253.8 

i8i 

393.6 

115.77 

17 

*» 

25A 

25t 

6165.4 

2208.7 

7.30 

4.37 

671. 1 

259.8 

i8i 

400.9 

117.90 

M 

17 

6345.9 

2259.8 

7.34 

4.38 

686.0 

265.9 

18} 
18} 

408.1 

120.02 

0.808 

17 

2} 

25A 

6529.0 

23II.O 

7.38 

4.39 

701.1 

271.9 

415-3 

122.15 

17 

2A 

25A 

6714.5 

2362.2 

7.41 

4.40 

716.2 

277.9 

i8| 

423.4 

124.52 

18 

2} 

25J 

6832.6 

2655.6 

7.41 

4.62 

733.7 

295.1 

18} 

431.0 

126.77 

18 

2A 

26 

7029.0 

2716.4 

7-45 

4.63 

749.8 

301.8 

438.7 

129.02 

N 

18 

2f 

26A 

7228.1 

2777.1 

7.48 

4.64 

765.9 

308.6 

19 

446.3 

131.27 

0.942 

18 

2A 

26A 

7429.8 

2837-9 

7.52 

4.65 

782.1 

315.3 

19J 
X9i 

454-0 

133.52 

18 

2} 

26} 

7634:2 

2898.6 

7.56 

4.66 

798.3 

322.1 

461.6 

135.77 

18 

2A 

26} 

7841.3 

2959.4 

7.60 

4.67 

814.7 

328.8 

I9f 

469.3 

138.02 

L 

18 

26A 

805I.I 

3020.1 

7.64 

4.68 

831. 1 

335.6 

19* 

^Z^-5 

140.27 

11.06 

18 

2i 

26X 

8263.6 
8478.9 

3080.9 

7.68 

4.69 

847.6 

342.3 

19I 

484.6 

142.52 

18 

Zl 

261 

314I.6 

771 

4.70 

864.1 

349.1 

Columns 

composed 

of  a  I 

4"  X  148  lb.  S 

pedal  < 

[>3lumn  Section,  reenfora 
ckness,  P,  may  be  made  0 

sd  with  cover  plates 

of  width  and 

thickness 

given  ir 

I  table.    The  t 

oui  thi( 

f  two  or  more  plates, 

each  of  puncf 

lable  thicl 

cness. 
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TABLE  155. 
Elements  of  Bethlehem  I-Beams  and  Girder  Beams. 


ELIMBtTTS  0¥    BmU-KWEB* 

Beams. 

.   ?'^.        ., 

I 

V            w,                  ] 

T 
-4. 

^4 

It: 

J 

loo 
loo 

^      ^       ft 

t^^                 L 

V 

u 

[-^-6-4              ^ji-c4«W+vi 

Fh  T                    i^ 

*;•* 

ill 

IMmeniions,  ia  iDcbo^ 

31- 

F 

W        L 

K 

G 

A 

B 

c 

l5 

F      W 

L 

K     G 

A 

B 

c 

30 

I20.Q  loj 

«^6A 

iH 

H 

6l!sA 

A 

I 

n 

71^0  7*  JH 

III     I 

1  » 

4l 

sl 

A 

z8 

ioso[lo 

1 

HH^iH 

M 

6 

5l 

A 

I 

15 
15 

54-0,7     H 

!S:lli4 

4 
4 

f!^ 

.' 

z6 

90.0 

9i 

H 

13 

I) 

H 

S\ 

sA 

A 

I 

n 

46.0  6 
41.0  6 

HO' 

"iS1i!]r^S 

.* 

n 

38o6|i|  H'4|iAH 

l3iisAi  A 

H 

84.0 

9*:h 

21 

'1 

rsi'sA 

A 

i 

12 

36.0  6il  A     9|    1 

Aj  Al3i!sA|A 

H 

8^9*  '     Hi^ift't     ;B  |5f  5i 

A 

i 

12 

32.0  6A  H,it>Al 

HA 

ii  sA 

.i 

i+ 

7JO  9     H    j2iA  iH  lisi  ,sl 

*i  ^ 

12 

28.5,61    i 

loA 

H;  A;)1  si 

A 

10 

8^0  8H,    Hi7i  liAii    Is  IsA 

1    !{ 

10 

28.SS«i« 

23  s  sf  il 

Bl    \ 

i  t    \i\\\ 

i 

20 

7Z.0   81   A     17I  |tA 

is  ISA 

t,  I 

10 

n  HI  ijisi 

A 

20 

69.0'  sa!   if  i7i 

I; 

1       4i';) 

A 

JC 

iS." 

V 

.'. 

11 

*' 

20 
20 

64.0 

S9-0 

8AH     t7i 

S           1  I7i 

r ; 

.' 

4}  's  A 

i* 

1* 

9 

9 

24.0  s 
20.0  5 

3 

J 

18 

S9.0 

m\     is! 

A 

♦i  Si    A 

',  i 

IS 

Sfo    ?9  ,  i*  ^5 

A. 

i 

S 

i9'»;  «i 

?." 

r 

ti*A 

i| 

sA 

.* 

18 

+S.5^  7i  1     His 

A 

i  i 

8 

17.S  s 

U  Si 

A 

t3 

A 

4i  :;A  i 

li 

1    1 

Ej.S)AE.VT£  of   BETHLiB 

E3(    GtKl 

)tK    Bt-AMS.                                                                                     1 

f      _v-              -J*. 

1=; Tt-* 

« 

T- 

? 

1  _ 

V      ..        ^ 

]■ 

t 

*     ^ 

1i 

>- 
t- 

b 

1 

<i           '             !> 

f^^ -. — L — ^-— .i.*^ 

i*  B-»i         ^:i#c^w+h/ 

DlncBiioiii.  in  Icche* 

^1 

1^ 

III 

.    -  - 

i\ 

F 

w 

L 

K 

G 

A 

B 

c 

F     W  1     L 

K     0 

A  '' 

n 

c 

i- 

30 
30 

200.0  15 
180.0, 1 J 

lii 

^ 

T 

I    1 

18 

92.01 

I)  M  14!  I 

t    H 

7) 

s) 

A  I 

28 

r8o.o^4H_H;2jl  I^AliAiolsH'  A 

I 

»s 

140,0  1 

irH  loi  'iA'«A 

7i  sH  A  '  I 
6  ;sA)   II 

28 

165.0  12  J 

»     Z3l    lA 

lA,  8t 

sHI 

1 

IS     1 

15 

104.011  1  11  111   I  1   H 
7i<^i<>liA  |iaA  111  H 

26 

l6aoi5H 

.  •"!  »* 

lA   Qi 

fl.' 

t 

12 

70.0 1< 

^.H 

9  1 

I  '16  isA  A' 

i 

26 

J  50.0  12 

1    i»i  >A 

a 

8 

t 

12 

SS^o  < 

HI 

9l    > 

!  »  ,  6   si 

1 

t 

14 
H 

T40.0 

120.0 

12 

if »    1 

g 

9 
8 

II  |a'  : 

10 

44-Oj  < 

>    A 

7l    1 

i    ))' 

slisA 

A 

I 

20 
20 

140.0 
1 1 2.0 

"1 
1} 

H"iil*:ai' 

81 

8 

51I   1  I 

5A,A  1  « 

9 

38  0  * 

)1H 

6}   I 

AH 

si  sA 

A 

I 

1 

I 

1     t 

8 

t2.5  8  H  U    1     A  ' 

s  sAA  ;i  1 

2G2 


TABLE  156. 
Standard  Connection  Angles  for  Bethlehem  I-Beams. 


.  Beam  CoNHtCTiONS 


We/ghi-4IJkv  ' 

^^    Is"! 


Zls4W^r^/^8''' 
'  Weights? lb- 

rJZ%7 


M 
^ 

i>^*-i 
'-**i^l--' 


Z4''I 


We/ghfSZIb^ 

zis4^4'^y^j'r5if    f^6'^4'x§-'x/W  ziseW4''x^/r   XL'$'f4'xy*ow    mw^f^o's^ 

Weigbi-ZSHh[  might  iS  lb'  jVe^btZ4lb'[         ^eM- 18  lb-     ■       Weight  JZ  lb- 

5p9dng  seme  m  be^hfs  ef angles  vnkss  otbermse  shewni_  All  Heks  ^'^Dfym-^r  ^D/Bni' Rivets  or  Bolts* 

Mmimiun  Spans  on  which  the  Above  Connection  Angles  may  be  Used  for  Greatest  Safe  Uniformly  Distributed  Loads. 


Depth  of 
Beam,  Inches. 


Weight  per 
Foot,  Lbs. 


Least  Span,  in  Feet,  for  Various  Conditions. 


Rivets  :  Shearing  xo^ooo  Lbs.,  Bearing  90,000  Lbs.  per  Square  In. 


Con- 
nection 
to  Web 

of 
Beam. 


Field 
Con- 
nection, 


When  Two  Beams  Frame  Opposite  Each  Other  to  a 
Beam  or  Girder  with  a  Web  Thickness  as  Follows : 


A" 


r 


A" 


I" 


A" 


i" 


Field  Connection. 

Rivet  Shear. 
8,000  Lbs.  per 
Square  Inch. 


30 
28 
26 
24 

20 
20 
18 
IS 
15 
IS 
12 
12 
10 

9 

.  8 


120.0 
105.0 
90.0 
84.0 
73.0 
72.0 
59.0 

48.5 
71.0 
54.0 
38.0 
36.0 
28.S 

235 
20.0 

17.5 


23.0 
22.7 
22.1 
21.9 
22.7 
20.2 
18.S 
16.4 
12.1 
11.8 
12.1 
10.3 
10.3 
8.7 
6.7 
S-i 


21. 1 
19.2 

17.3 

17.1 

15.0 

14.7 

11.8 

10.7 

16.0 

12.3 

8.9 

9.0 

7.2 

7.4 

57 

4-3 


22.1 

20.1 

18.1 

17.9 

15-7 

iS-4 

12.3 

11.2 

16.8 

12.8 

9.3 

9-5 

!(> 

7.8 

6.0 

4-5 


24.8 
22.7 
20.4 
20.2 
177 
17.4 
13.9 
12.6 
18.9 

14.S 
10.S 
.10.6 

8.S 
8.7 
^1 
5.1 


28.4 
2S-9 
23.3 
23.1 
20.2 
19.9 

iS-9 
14.4 
21.6 
i6.s 

12.0 

12.2 
9.8 
1 0.0 

5.8 


33.1 
30.2 
27.1 
26.9 
23.6 
23.2 
18.5 
16.8 
25.1 
19.3 
14.0 
14.2 
11.4 
11.6 
9.0 
6.8 


39.7 
36.2 
32.6 
32.2 
28.3 
27.8 
22.2 
20.2 
30.2 
23.1 
16.8 
17.0 

137 

14.0 

10.8 

8.2 


497 
4S-3 
40.7 

40.3 

35.4 
34.8 
27.8 
25.2 

377 
28.9 
21.0 
21.3 
17.1 

I3-S 
10.2 


26.3 
24.0 
21.6 
21.4 
18.8 
18.4 
147 
13.4 
20.0 

IS.3 
II. I 
11.3 
9.1 
9.3 
71 
S-4 


The  greatest  value  given  of  the  least  span  for  any  of  the  governing  conditions  is  the  minimum 
span  for  which  the  connection  may  be  used. 
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TABLE  157. 
Standard  Connection  Angles  for  Bethlehem  Girder  Beams. 


.,,                                     .^AM  COHNeCTWMS 

'''^^^0    , 

Weight  17  lb.  ^ 

mt 

1 

BM: 

r- 

4  •^  ' 

Sp9cmg  S9me  ia  both  Ag^  cf  0ifhs  aoh$i  tibimk 

Minimum  Spans  on  which  the  Above  Connection  Angles  May  be  Used  for  Greatest  Safe  Uniformly  Distxibnted  Loads. 

Depth  of  Beam. 
Inches. 

Wdght  per 
Foot.  LET 

Least  Span,  in  Feet,  for  Various  Conditions. 

Rivet :  Shearing  zo.000  Lbs..  Bearing  ao^ooo  Lbs.  per  Sq. 

In. 

Field  Cooaecrion. 

Rivet  Shear. 
8.000  Lbs.  per 
Square  Inch. 

Con- 
nection 
to  Web 

of 
Beam. 

Field 
Con- 
nection. 

Beam  or  Girder  with  a  Web  Thickness  as  Follows : 

A" 

r 

A" 

•" 

A" 

\" 

30 
30 

200.0 
180.0 

24.5 
22.0 

a4-5 
22.0 

25.7 
23.0 

28.9 
2S-9 

29.6 

38.6 
34.S 

46.3 
414 

57.8 
51.8 

30.7 

28 
28 

180.0 
165.0 

21.8 

24.1 
21.8 

22.8 

fa 

324 
29.3 

37.8 
34.2 

4S4 

41,0 

56.8 
51.3 

30.1 
27.2 

26 
26 

160.0 
150.0 

20.1 
18.4 

20.1 
18.4 

21.0 
19.3 

23.7 
21.7 

27.0 
24.8 

28.9 

37.8 
34.7 

47.3 
434 

25.1 

23.0 

H 
H 

140.0 
120.0 

19.2 
18.3 

19.2 
16.5 

20.1 

17-3 

22.6 
194 

25.9 
22.2 

30.2 
a5.9 

36.2 
31.1 

45-3 
38.9 

24.0 
20.6 

20 
20 

140.0 
II  2.0 

19.7 
16.8 

19.7 
15.7 

20.6 
164 

23.2 
18.5 

26.5 
21. 1 

30.9 
24.7 

29.6 

464 

37.0 

24.6 

19.6 

i8 

92.0 

14.6 

1 1.9 

12.4 

14.0 

16.0 

18.6 

22.3 

27.9 

14.8 

IS 
IS 
IS 

140.0 

104.0 

73.0 

18.3 
14.0 
13.9 

18.3 
14.0 
10.2 

19.2 

14.7 
10.6 

21.6 
16.5 
12.0 

247 
18.9 
13.7 

28.8 
22.0 
16.0 

19.I 

431 

33.1 

23.9 

♦  22.9 

17.5 
12.7 

12 
12 

70.0 
55.0 

II.6 
11.5 

10.8 
8.7 

114 
P-i 

12.8 

10.2 

14.6 
1 1.7 

17.0 
137 

204 
164 

25.5 
2a5 

I3S 
ia9 

10 

44.0 

9.3 

S-9 

6.2 

6.9 

7.9 

9.3 

II.I 

13.9 

74 

9 

38.0 

11.3 

7.6 

8.0 

9.0 

10.3 

12.0 

14.4 

18.0 

9S 

8 

32.5 

8.8 

5.8 

6.0 

6.8 

7-7 

9.0 

10.8 

13.6 

7.a 

The  greatest  value  given  of  the  least  span  for  any  of  the  governing  coi 
8|>an  for  which  the  connection  may  be  used. 

iditions  is  the  minimum 
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TABLE  158. 
Cast  Iron  Separators  for  Bethlehem  Girder  Beams  and  J^Beams. 


I 

Jbthlsubm  Girdbk  Beams. 

Bbthlbhbm 

I  Beams. 

I 

I 

c 

c 

\  \ 
1 1 

OiT 

I 

SI 

5? 

c 

r— 

-|  n 

C 

i 

"I  n 

^>^ 

1 

IS 

^\ 

SI 

o)i 

1 

[     2) 

I 

3)i 

I 

^y 

^?. 

^ 

<-?.« 

1 

^s..^ 

f^^ 

K-/-J 

K-^-.' 

>^ 

Separators  for  IS'MO'bedmsare  §  metal. 
Separators  for  8**  to  15^ beams  are  j  metah 

Separators  forlS^to  30  'beams are  ^ metal. 
Siporators  /or  8' to  fS' beams  are  j%etaL 

Beam. 

Distances. 

Bolu. 

Weights. 

Beam. 

Distances. 

Bolu. 

Weights.              1 

1 

In. 

i 

X 

• 

1 

U 

0 

1 

U 
2 
u 

i 

Separators. 

Bolu. 

1 

1 
1 

1 

•0 

U 

2 

.3 

0 

u 

i 

Separators. 

Bolu.       1 

1 
■1 

A 

en 

1 

M 

1 

Lb. 

t 

Lb. 

Lb. 

Lb. 

Id. 

In. 

In. 

In. 

Lb. 

Lb. 

Lb. 

Lb. 

In. 

Lb. 

In. 

In. 

In. 

In. 

Lb. 

Separators  with  Three  Bolts. 

Separators  with  Three  Bolts. 

30 

200.0 

'Sf 

10 

174 

73.0 

4.50 

11 

.375 

^S 

120.0 

II 
10 

10 

10 

i»i 

SO.  I 

4.50 

6.0 

.375 

30 

180.0 

i3i 

10 

'5 

64.5 

4.50 

7.0 

•375 

28 

105.0 

10 

74 

12 

43.9 

4.15 

5.7 

•375 

28 

180.0 

14 

7 

16 

65.0 

4.15 

7.4 

•375 

26 

90.0 

10 

9 

74 

"i 

39.3 

3.85 

5-5 

•375 

28 

165.0 

13: 

7 

15 

59.1 

415 

6.8 

.375 

26 

160.0 

14: 

12 

7 

16 

59.0 

3.85 

7-1 

■375 

26 

150.0 

I2t 

74 

144 

53.0,3.85 

6.6 

•375 

Separators  with  Two  Bolts. 

Separators  with  Two  Bolts. 

H 

140.0 

I3f 

i3i 

12) 

I5i 

50.0 

3.50 

4.6 

•25 

24 

84.0 

9} 

9i 

I2I 
i2i 

iii 

35.1 

3.65 

3.6 

.25 

H 

120.0 

I2f 

12 
12 

12* 

i4i 

47.0 

3.50 

4-3 

•25 

24 

73.0 

9i 
9i 

9i 

II 

35.1 

3.65 

3.6 

•25 

20 

140.0 

'3. 

10 

HI 

39.0 

2.80 

4-5 

.25 

20 

72.0 

9 

10 

loi 

28.2 

3.00 

3-5 

•25 

20 

1 1 2.0 

I2i 

12 

10 

14 

38.0 

2.80 

4.3 

.25 

20 

59.0 

8 

8 

10 

10 

26.1 

3.00 

3-4 

.25 

18 

92.0 

12 

II 

10 

134 

34.0 

2.60 

4-2 

•25 

18 

48.5 

8 

7 

10 

9i 
9I 

22.1 

2.70 

3.2 

•25 

M 

140.0 

u! 

II 

74 

»4, 

22.0 

1.50 

4-3 

•25 

15 

71.0 

8 

74 

74 

13.1 

1.65 

3.2 

•25 

i«; 

104.0 

II 

w 

134 

22.0 

1.60 

4.2 

.25 

15 

54.0 

74 

7 

7 

9, 

12.3 

1.65 

3-1 

.25 

15 

73.0 

II 

10 

12I 

21.0 

1.60 

4.0 

•25 

15 

38.0 

7i 

7^ 

74 

8i 

133 

1.80 

3.0 

•25 

12 

70.0 

io4 

10 

5 

12 

17.5 

1.30 

3-S 

.25 

12 

36.0 

61 

t 

5 

8 

9.1 

1.30 

2.8 

•25 

12 

55.0 

io| 

10 

s 

Hi 

17.5 

1.30 

3.8 

•25 

12 

28.5 

6* 

5 

7i 

9.0 

1.30 

2.8 

.25 

Separators  with  One  Bolt. 

Separators  with  One  Bolt. 

10 

440 

9§ 

9t 

lOj 

II.O 

1. 10 

1.8 

.125 

10 

23.5 

6i 
5 

6 

7i 

?-5 

1. 10 

1-4 

.125 

Q 

38.0 

9 

8 

loi 

10.0 

1. 00 

1.7 

.125 

9 

20.0 

Si 

— 

7. 

64 

1. 00 

1.3 

.125 

8 

32.5 

8i 

81'..... 

9I 

8.0 

.85 

1.7 

.125 

8 

17.5 

5 

s* 

— 

6J 

5.5 

•85 

1.3 

.125 

Separators  for  18  to  30  inch  beams  are  f  inch 

metal. 

Separators  for  8  to  15  inch  beams  are  }  inch  i 
All  bolts  i  inch  diameter. 

netal. 

56 
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TABLE  159. 
Safe  Loads,  in  Tons,  and  Deflections,  in  Inches,  Bethlehem  I-Beams. 


Dei>th. 

Weight. 

Length  of  Span  in  Feet.                                                                | 

In. 

Lb. 

8 

10  I  la 

14 

16 

z8 

20    1     33    1 

34 

26 

38 

30 

33 

34 

36 

38 

40  1  43   1 

30 

120 





— 

— 

103 
•44 

93 
•39 

% 

78 
.33 

72 

.30 

67 
.28 

62 
.26 

58 
.25 

55 
•23 

52 

.22 

49 
.21 

47 
.20 

44 

•19 

Def, 

1 

,18 

.22  i  .27 

'32 

'37 

'43 

'50 

'57 

.64 

.7/1 .80  \ 

.88 

'07 

28 

IDS 

1 

85 
.41 

76 
•37 

70 
.33 

64 
.31 

59 

.28 

.11 

51 
.24 

48 
•23 

45 

.22 

42 
.20 

40 
.19 

38 
.19 

'95 

31 
.17 

36 

.18 

1.04 

.16 





90 



,19 
68 
.38 

'24 

61 

•34 

-29 
56 
.31 

.5^ 

51 

.28 

.^0 

.46 

44 

'53 

41 

•23 

.61 

38" 
.21 

.68,  .77'  J85 

26 

36 
.20 

341    32 
.19'  .18 



...- .. 

...^. 

.^, 

•24 

Def. 



.....1--. 



,21 

.25 

•5^ 

'37 

.43 

.50 

'57 

'65 

.74\  •^3\  '92 

1.02  1.12 

24 

84 
I' 





88 
77 
.52 

76 
66 

.45 

66 

58 
.39 

59 

52 
•35 

■31 

48 
42 
.29 

44 
.26 

.24 

38 
33 
.22 

35 
31 
.21 

.62 

33 
29 
.20 

•7/ 

31 
27 
.19 
,80 

29     28 
26     24 
.17    '17 
,89  1. 00 

26 

23  ■ 

_^6  _. 

1.10 

Def. 



i./o 

14 

.18 

.22 

.2<y 

'33 

.40 

•¥7 

'54 

20 

8» 

64 

59 

• 



— 

69 

54 
52 
•44 

^2 

^t 
48 

47 

45 

•37 

52 
49 
42 
41 
39 
.33 

46 

*! 

36 
35 
.29 

42 

39 
34 
33 

36 
31 

28 
.24 

35 

'.I 

.22 

32 

26 
25 
24 
.20 

^2 
28 

24 
23 

22 

•19 

28 
26 

23 
22 
21 
•  17 

26 

24 
21 
20 
20 
.16 

24 
23 
20 

19 

18 

.15 

23 
22 

19 
18 

17 
•15 

22 
21 
18 

\l 

.14 

21  , 

20    

17  

16  

16  

.13 

Def. 

l..._.'./2|./6 

.2/ 

'27 

•55 

«#o 

.4S    '56 

'65  \  .74 

'S5 

.96.1,07 

1.19 

i'32y  - 

18 

59 

4 

— 

— 

44 
42 
39 
.39 

36 
34 
.34 

33 
31 
30 
.29 

26 
.26 

26 
25 
24 
.24 

24 

23 
21 
.21 

22 
21 
20 
.20 

20 

19 

18 
.18 

17 
•17 

17 

Ve 

.16 

16 
16 
15 
•IS 

15 
15 
14 
.14 

15 
14 
13 
.13 

H 
13 

12 
.12 

13 
12 
12 
.12 



Dff. 

..._J./i 

.iS 

.24 

'30 

.57 

'U 
26 
20 
16 
15 

Jt 

'53 

.62 

'72 

'S3 

•Pf 

1.06 

I.J9 

r'33 

1-47 

IS 

71 

'i 

• 

— 

29 

.33 

40 

31 
25 
23 
22 
.28 

35 
27 
22 
20 
20 
.26 

31 
24 
19 

18 

17 
.22 

28 
22 

17 
16 
16 
.20 

24 
18 

14 
14 

22 
17 
13 
12 
12 
IS 

20 

15 
12 
12 
II 
.14 

19 
14 
II 
II 
10 
.13 

18 

14 
II 
10 
10 
.12 

17 
13 

10 

10 

9 
.12 

16 

12 

10 

9 

9 

.11 

15 
II 

9 

1 

.10 

14 
II 

9 

8 

8 

.10 

1.76 

Def. 



.16 

,22 

.28 

,36\,u 

•5.?l    64 

.75 

,87 

-99 

1,13 

1.28  1.4^  J.60 

12 

36 
.1.5 

• 

— 

24 
20 

19 

.31 

20 

17 
16 
.26 

17 
15 
14 

.22 

15 
13 
12 

.20 

13 
II 
II 
.17 

12 
10 
10 
.16 

II 
9 
9 

•14 

10 
8 
8 

.13 

2     ^ 

8       7 

7       7 

.12    .11 

8 

7 

6 

.11 

7 

6 

6 

.10 

V b: 

6:.. '. 

•09' '  ..-. 



1 

1: 

Def. 

.t4K2o\.27\,35 

•¥5 

'55 

.67 

'79 

.93  i'08  1.24  1.41  1.59  ' ' 

10 

28.5 

235 

• 

— 

H 

12 
II 
.22 

10 

9 

.19 

9 

8 

.16 

8 

7 

.15 

7 

7 

.13 

I 

.12 

6       6 

5       5 

.11    .10 

•  5 
5 

.09 

5  . 

41. 

.09  

1 

Dff, 

•^7 

,2  4\. 321.4^ 

.5^  i  .66 

.80 

.93  I.J2  1.30  1.49  

■ — .1 

9 

20 

• 

14 

13 
.29 

II 
10 

.24 

9 

8 

.20 

8 

7 

.17 

I 
.15 

6 

6 

.13 

5 

5 

.12 

5 

5 
.11 

5 

4 

.10 

4 

4 

.09 

4 

4 

.09 

4 

3 

.08 



'  _  _  i 1 

/)./. 

,12 

.18 

'27 

.36  A7 

.60 

'74 

^9 
3<7 
3'S 
.10 

/.o<5  1.24  144 

1.66 

' ■ ■ ■ 1 

8 

19.5 

175 

• 

ID 
10 
.26 

8 

8 

.21 

7 
6 

.17 

6  5-0 

5:4.8 

.15   .13 

4.5 
4.2 
.12 

4.0 
3.8 
.11 

34  -.-.--]-— 
3.2 

.09'—-' 

l.._ 

r"..j '" 

Def. 

'I3 

^i 

.JO  ^i .  ii 

.67 

'S3 

\I.OO 

^-'9          i 

: '-.---.■ '..  1 

The  figures  ^ve  the  safe  uniform  load,  in  tons  of  2000  lb.,  based  on  an  extreme  fiber  stress  of 
i6uuu  lb.  per  sq.  m.,  or  end  reactions  for  safe  uniform  load  in  thousands  of  lb. 

Figures  for  deflection  in  inches. 

For  loads  concentrated  at  center,  use  one -naif  of  figures  given  for  allowable  load,  and  four- 
fifths  of  deflections. 

For  figures  to  right  of  heavy  lines,  deflections  are  excessive  for  plastered  ceilings. 

Figures  given  apply  only  when  beams  are  secured  aRainst  lateral  deformation. 

♦  Increase  of  safe  load  in  tons  for  each  pound  increase  in  weight  of  I-Beam. 
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TABLE  160. 
Safe  Loads,  in  Tons,  and  Deflections  in  Inches,  Bethlehem  Girder  Beams. 


Depth. 

Weight. 

Lensth  of  Span  in  Feet.                                                             | 

In. 

Lb. 

lo 

13 

14 

16 

z8 

ao 

33 

132 
.36 

136 

121 

.33 

36 

125 

112 
.30 

38 

30 

3a 

34 

36 

38 

40 

4a 

44 

30 

200 

180 

• 

181 
162 
•44 

163 
146 
.39 

116 

108 
.26 

102 
91 

.25 

96 

86 
.23 

2° 

81 

.22 

86 

77 
.21 

81 

73 
.20 

77 
69 
.19 

.18 





— 



Drf. 



.18 

.22 

'27 

'32 

•37 

«#J 

.50 

'57 

.64 

.7/ 

.80 

.88 

•97 

1.06 

28 

180 
i6s 

• 





— 



154 
139 
.41 

138 
125 

•37 

126 
114 
•33 

"5 

104 
•31 

106 
96 

.28 

99 

.26 

92 
83 
.24 

86 
78 
•23 

81 

74 
.22 

.20 

.19 

62 
.18 

66 
60 
.17 

63 

57 
•17 

Dff. 





.19 

.24 

.29 

'34 

-40 

.^(5 

•55 

.61 

.78 

•77 

.8s 

•95 

/.o-# 

/./4 

26 

160 

,50 





— 

— 

128 
117 
.38 

106 

.34 

•31 

96 

88 
.28 

81 
.26 

82 
76 
•24 

77 
70 

•23 

.21 

68 
62 
.20 

64 
59 
.19 

61 

.18 

58 
53 
•17 

55 
.16 

52 
48 
.15 

'•23 

Dtf. 





.21 

-?5 

.5/ 

•57 

•43 

'50 

•57 

•65 

•7¥ 

.<yj 

.92 

1.02 

/./2 

24 

140 
120 

• 



156 
134 

133 
"S 

•45 

117 
100 

.39 

89 
.35 

93 
80 

.31 

85 
73 
.29 

.26 

11 
•24 

67 
57 
.22 

62 

53 
.21 

58 
50 
.20 

55 
47 
.18 

52 
45 
.17 

49 
42 
•17 

47 
.16 





Def. 



.10 

.14 

.18 

.22 

.28 

'33 

.^0 

.^7 

'54 

.62 

•7^ 

.80 

•^P 

/.oo 

20 

140 
112 

♦ 



130 
104 
.44 

112 
89 
.37 

9^ 
78 

.33 

87 
69 
•29 

62 
.26 

71 
57 
•24 

65 
52 
.22 

60 
48 
.20 

56 
45 
•19 

52 
42 
.17 

49 
.16 

46 
37 
.15 

43 
35 
.15 

41 
33 
.14 

39 
31 
.13 



Dff. 



.12 

.16 

.21 

.27 

•ii 

.40 

.48 

•56 

•65 

.7¥ 

••^5 

.q6 

1.07 

/./p 

1.32 

18 

V 

79 
•?9 

67 

.34 

59 
.29 

11 

47 
.24 

43 
.21 

39 

.20 

36 
.18 

34 
•17 

\l 

29 
•15 

28 
.14 

26 
.13 

25 
.12 

24 
.12 

Dff. 



'^3 

.18 

24 

30 

'37 

-W 

'53 

.62 

•7^ 

'S3 

•94 

1.06 

/./p 

1-33 

/.47 

IS 

140 
104 

73 

• 

113 

63 
.39 

94 
72 

52 
•33 

81 
62 

il 

71 
54 
39 

.25 

s 

35 
.22 

57 
43 
31 
.20 

51 

39 
29 
.18 

'I 

26 
.16 

44 
33 
24 
.15 

40 
31 
22 

•14 

38 
29 
21 

•13 

35 
27 
20 
.12 

11 

18 
.12 











Dff.. 

.// 

.16 

.22 

.28 

.?<5 

-44 

.5? 

.6^ 

'75 

^7 

'99 

^•13 

/.2<y 





12 

70 
|5 

48 
38 
•31 

40 

.11 

34 
27 
.22 

30 

24 
.20 

27 
21 
.18 

24 
.16 

22 
17 
•14 

20 
16 
.13 

18 

15 
.12 

17 
14 
.11 

16 

13 
.10 

15 

12 
.10 

14 
II 
.09 







Dff. 

.14 

.20 

.27 

•,?i 

•^^ 

'55 

.67 

'79 

*9J 

1.08 

1.24 

i.4r 

r-59 

1 



10 

44 

• 

26 
.26 

22 
.22 

19 
.19 

16 
.16 

15 
.15 

13 
.13 

12 
.12 

II 
.11 

10 
.10 

9 
.09 

9 
.09 

8 
.08 

8 
.08 

1 

Dff. 

•^7 

.24 

.?^ 

.42 

'U 

.6(5 

.80 

•05 

1.12 

i'30 

/.^ 

/.6p 

1.QI 



9 

38 

* 

20 

.23 

17 
.20 

14 
•17 

13 
•15 

II 

.13 

10 
.12 

9 
.11 

8 
.10 

8 
.09 

7 
.08 

7 
.07 





Dff. 

.18 

.27 

.?<5 

-47 

.60 

'74 

..Jp 

/.o<5 

1.24 

/^ 

1.66 



8 

32i 

* 

15 

.21 

13 
•17 

II 
•IS 

10 

8 
.12 

8 
,10 

7 

•OQ 

6 
.08 













Dff. 

.21 

.?o 

-4/1  .^.? 

.^7 

.^? 

1.00 

I.IQ 







The  figures  give  the  safe  uniform  load  in  tons,  of  2000  lb.,  based  on  extreme  fiber  stress  of 
16000  lb.  per  sq.  m.,  or  end  reactions  for  safe  uniform  load  in  thousands  of  pounds. 

Figures  for  deflections  are  given  in  inches. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  allowable  load  and  four- 
fifth*  values  given  for  deflection. 

For  figures  at  right  of  heavy  zigzag  lines  deflections  are  considered  excessive  for  plastered 
oeilings. 

Figures  given  apply  only  when  beams  are  secured  against  lateral  deformation. 

*  Increase  of  safe  load  in  tons  for  each  pound  increase  in  weight  of  Girder  Beams. 
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TABLE  161 
Decimal  Parts  of  a  Foot  and  Inch 


Decimal  Parts  of  a  Foot 

Dedmal  Parts 
of  an  Inch 

Ins. 

o"    /"    2" 

5"   /'   5" 

6"   /'  8" 

p"  10"     11" 

.0   .0833  .1667 

.2500  .3333  .4167 

.5000  .5833  .6667 

.7SOO  .8333  .9167 

A 

.0026  .0859  .1693 

.2526  .3359  .4193 

.5026  .5859  .6693 

.7526  .8359  .9193 

i. 

.0313 

A 

.0052  .0885  .1719 

.2552  .3385  .4219 

.5052  .5885  .6719 

.7552  .8385  .9219 

A 

.0625 

A 

.0078  .0911  .1745 

.2578  .3411  .4245 

.5078  .5911  .6745 

.7578  .8411  .9245 

A 

.0938 

I 

.0104  .0938  .1771 

.2604  .3438  .4271 

.5104  .5938  .6771 

.7604  .8438  .9271 

J 

.Its 

A 

.0130  .0964  .1797 

.2630  .3464  .4297 

.5130  .5964  .6797 

.7630  .8464  .9297 

A 

.1563 

A 

.0156  .0990  .1823 

.2656  .3490  .4323 

.5156  .5990  .6823 

.7656  .8490  .9323 

A 

.1875 

A 

.0182  .1016  .1849 

.2682  .3516  .4349 

.5182  .6016  .6849 

.7682  .8516  .9349 

A 

.2188 

i 

.0208  .1042  .1875 

.2708  .3542  .4375 

.5208  .6042  .6875 

.7708  .8542  .9375 

i 

•as 

A 

.0234  .1068  .1901 

.2734  .3568  .4401 

.5234  .6068  .6901 

.7734  .8568. 9401 

A 

.2813 

A 

.0260  .1094  .1927 

.2760  .3594  .4427 

.5260  .6094  .6927 

.7760  .8594  .9427 

A 

.3125 

H 

.0286  .1120  .1953 

.2786  .3620  .4453 

.5286  .6120  .6953 

.7786  .8620  .9453 

H 

•3438 

1 

.0313  .1146  .1979 

.2813  .3646  .4479 

.53x3  .6146  .6979 

.7813  .8646  .9479 

i 

■375 

H 

.0339  .1172  .2005 

.2839  .3672  .4505 

.5339  .6172  .7005 

.7839  .8672  .9505 

H 

•4063 

A 

.0365  .1198  .2031 

.2865  .3698  .4531 

.5365  .6198  .7031 

.7865  .8698  .9531 

A 

•4375 

tt 

.0391  .1224  .2057 

.2891  .3724  .4557 

.5391  .6224  .7057 

.7891  .8724  .9557 

H 

^688 

i 

.0417  .1250  .2083 

.2917  .3750  .4583 

.5417  .6250  .7083 

.7917  .8750  .9583 

i 

•S 

a 

.0443  .1276  .2109 

•2943  -3776  .4609 

.5443  .6276  .7109 

•7943  -8776  .9609 

H 

•5313 

A 

.0469  .1302  .2135 

.2969  .3802  .4635 

.5469  .6302  .7135 

.7969  .8802  .9635 

A 

.5625 

H 

.0495  .1328  .2161 

.2995  .3828  4661 

•5495  -6328  .7161 

•7995  -8828  .9661 

H 

•5938 

t 

.0521  .1354  .2188 

.3021  .3854  .4688 

.5521  .6354  .7188 

.8021  .8854  .9688 

» 

.625 

fi 

.0547  .1380  .2214 

.3047  .3880  .4714 

.5547  .6380  .7214 

.8047  .8880  .9714 

H 

.6563 

H 

.0573  .1406  .2240 

.3073  .3906  .4740 

.5573  .6406  .7240 

.8073  .8906  .9740 

H 

.6875 

H 

.0599  .1432  .2266 

.3099  .3932  .4766 

•5599  .6432  .7266 

.8099  .8932  .9766 

H 

.7188 

i 

.0625  .1458  .2292 

.3125  .3958  .4792 

.5625  .6458  .7292 

.8125  .8958  .9792 

1 

•75 

1* 

.0651  .1484  .2318 

.3151  .3984  .4818 

.5651  .6484  .7318 

.8151  .£984  .9818 

H 

.7813 

H 

.0677  .1510  .2344 

.3177  4010  4844 

.5677  .6510  .7344 

.8177  .9010  .9844 

H 

.8125 

H 

.0703  .1536  .2370 

.3203  .4036  .4870 

.5703  .6536  .7370 

.8203  .9036  .9870 

a 

•8438 

I 

.0729  .1563  .2396 

.3229  4063  .4896 

.5729  .6563  .7396 

.8229  .9063  .9896 

i 

.875 

H 

.0755  -1589  .H22 

.3255  4089  .4922 

.5755  .6589  .7422 

.8255  .9089  .9922 

tt 

.9063 

« 

.0781  .1615  .2448 

.3281  41 15  4948 

.5781  .6615  .7448 

.8281  .9115  .9948 

u 

-9375 

H 

.0807  .1641  .2474 

.3307  4141  4974 

.5807  .6641  .7474 

^307  .9141  -9974 

tt 

.9688 

TABLE  162 

TABLE  OF  BEVELS 

American  Bridge  Company  Standards 


■ — V 

F 

^_ . 

Id 

o 

I 

2 

3      4 

^ 

6 

7 

8 

9 

10 

II 

Angle  V 

Angle  V 

Angle  V 

Angle  V  Angle  V 

Angle  V 

Angle  V 

Angle  V 

Angle  V 

Angle  V 

Angle  V 

Angle  V 

i 

1 

i 

i 
S 

i 

i 

i 

1 

1 

i 

i 

1 

i 

i 

: 

1 

i 

i 

i 

i 

1 

1 

i 

0 

o 

oo 

46 

9 

28 

14 

02 

18 

26 

22 

37 

26 

34 

30 

15 

41 

36 

52 

39 

48 

42 

31 

A 

o 

09 

55 

9 

36 

14 

II 

18 

34 

22 

45 

26 

41 

30 

22 

48 

36 

58 

39 

54 

42 

35 

A 

o 

i8 

04 

9 

45 

14 

19 

18 

42 

22 

52 

26 

48 

30 

29 

54 

37 

04 

39 

59 

42 

40 

A 

o 

27 

12 

9 

54 

14 

27 

18 

50 

23 

00 

26 

55 

30 

35 

cx> 

37 

09 

40 

04 

42 

45 

i 

0 

36 

21 

10 

03 

14 

36 

18 

58 

23 

08 

27 

02 

30 

42 

06 

37 

15 

40 

09 

42 

50 

A 

0 

45 

30 

10 

II 

H 

44 

19 

06 

23 

15 

27 

10 

30 

49 

12 

37 

21 

40 

15 

42 

55 

A 

0 

54 

39 

10 

20 

14 

53 

19 

14 

23 

23 

27 

17 

30 

55 

18 

37 

26 

40 

20 

43 

00 

A 

03 

48 

10 

29 

15 

01 

19 

22 

23 

30 

27 

24 

31 

02 

24 

37 

32 

40 

25 

43 

04 

i 

12 

57 

10 

37 

15 

09 

19 

30 

23 

38 

27 

31 

31 

08 

31 

37 

38 

40 

30 

43 

09 

A 

21 

6 

06 

10 

46 

15 

18 

19 

38 

23 

45 

27 

38 

31 

15 

37 

37 

43 

40 

35 

43 

14 

A 

30 

6 

15 

10 

54 

15 

26 

19 

46 

23 

53 

27 

45 

31 

21 

43 

37 

49 

40 

41 

43 

19 

tt 

38 

6 

23 

II 

03 

15 

34 

19 

54 

24 

00 

27 

52 

31 

28 

49 

37 

54 

40 

46 

43 

23 

t 

47 

6 

32 

II 

12 

»5 

43 

20 

02 

24 

08 

27 

59 

31 

34 

55 

38 

00 

40 

51 

43 

28 

H 

S6 

6 

41 

II 

20 

15 

51 

20 

10 

24 

^5 

28 

06 

31 

41 

01 

38 

05 

40 

56 

43 

33 

A 

05 

6 

50 

II 

29 

15 

59 

20 

18 

24 

23 

28 

13 

31 

47 

07 

38 

II 

41 

01 

43 

38 

H 

14 

6 

59 

II 

38 

16 

07 

20 

26 

24 

30 

28 

20 

31 

54 

13 

38 

17 

41 

06 

43 

42 

i 

23 

08 

II 

46 

16 

16 

20 

33 

24 

37 

28 

27 

32 

00 

19 

38 

22 

41 

II 

43 

47 

H 

32 

16 

II 

55 

16 

H 

20 

41 

24 

45 

28 

34 

32 

07 

25 

38 

28 

41 

16 

43 

52 

A 

41 

25 

12 

03 

16 

32 

20 

49 

24 

52 

28 

40 

32 

13 

31 

38 

33 

41 

21 

43 

56 

H 

50 

34 

12 

12 

16 

40 

20 

57 

25 

CX) 

28 

47 

32 

20 

37 

38 

39 

41 

26 

44 

01 

1 

59 

43 

12 

20 

16 

49 

21 

05 

25 

07 

28 

54 

32 

25 

42 

38 

44 

41 

31 

44 

05 

a 

08 

52 

12 

29 

16 

57 

21 

12 

25 

H 

29 

01 

32 

32 

48 

38 

49 

41 

36 

44 

10 

H 

17 

8 

00 

12 

37 

17 

05 

21 

20 

25 

22 

29 

08 

32 

39 

54 

38 

55 

41 

41 

44 

15 

H 

26 

8 

09 

12 

46 

17 

13 

21 

28 

25 

29 

29 

15 

32 

45 

36 

00 

39 

00 

41 

46 

44 

19 

1 

35 

8 

18 

12 

54 

17 

21 

21 

36 

25 

36 

'29 

21 

32 

51 

36 

06 

39 

06 

41 

51 

44 

24 

» 

44 

8 

27 

13 

03 

17 

29 

21 

43 

25 

43 

29 

28 

32 

58 

36 

12 

39 

II 

41 

56 

44 

28 

H 

52 

8 

35 

n 

II 

17 

38 

21 

51 

25 

51 

29 

35 

33 

04 

36 

18 

39 

16 

42 

01 

44 

33 

H 

4 

01 

8 

44 

13 

20 

17 

46 

21 

59 

25 

58 

29 

42 

33 

10 

36 

23 

39 

22 

42 

06 

44 

37 

i 

10 

8 

53 

13 

28 

17 

54 

22 

07 

26 

05 

29 

49 

33 

17 

36 

29 

39 

27 

42 

II 

44 

42 

H 

19 

9 

02 

13 

37 

18 

02 

22 

14 

26 

12 

29 

55 

33 

23 

36 

35 

39 

32 

42 

16 

44 

47 

H 

28 

9 

10 

13 

45 

18 

10 

22 

22 

26 

20 

30 

02 

33 

29 

36 

41 

39 

38 

42 

21 

44 

51 

ft 

37 

9 

19 

13 

54 

18 

18 

22 

30 

26 

27 

30 

09 

33 

35 

36 

46 

39 

43 

42 

26 

44 

56 

TABLE  163 
ORDINATES  FOR  i6'-o"  CHORDS 
American  Bridge  Company  Standards 


wings    for              .jit"'^  \  <>  '9            / 

lerc  radius            y^       T  i  i  A? 

I  of  Temp-  X      ♦         i  I  t            / 

:,  malce  a  \          {         J  I  j  / 


On    all    drawings    for 
curved  work  where 
exceeds  facilities  < 
let  Shop   Floor, 

ffitcTfrot^Slef^       '^^^^^^4^. 


Radius 

R 
Ft.  In. 


Ordinates  for  i6'-o" 
Templet  in  Inches 


Radius 

R 
Ft.  In. 


Ordinates  for  i6'-o" 
Templet  in  Inches 


Radius 

R 
Ft.  In. 


Ordinates  for  x6'-o" 
Templet  in  Inches 


l6'-  6" 

16-  8 
16-IO 

17-  o 

17-  2 

17-  6 

17-  8 
17-10 
\%-  o 

\%-  2 
18- J 

18-  6 

18-  8 
18-10 

19-  o 

19-  3 

19-  6 

19-  8 

19-10 

20-  o 
20-  3 
20-  6 

20-  9 

21-  o 
21-  3 
21-  6 

21-  9 

22-  o 

22-  3 
22-  6 
22-  9 
23-0 

23-4 
23-8 
24-  o 
24-4 


II 


% 
9l 
9i 

I 

81 
8i 

8i 

11 

8i 
8 

I 

7} 

71 

7l 


:il 


15. 


13 


24'-8" 
25-0 

25-4 
25-8 
26-0 

26-4 
26-8 

27-0 
27-6 
28-0 

28-6 
29-0 
29-6 
30-0 
30-6 

31-0 
31-6 
32-0 

32-9 
33-6 

34-3 
35-0 

36-6 
37-3 
38-0 
38-^ 
39-6 
40-3 
41-0 

42-0 
43-0 
44-0 
45-0 

47-6 
48-9 
50-0 


10 


14I 

14, 
13} 
131 
i3i 

13* 

12} 
12} 

12I 
i2i 
12 

Hi 

lit 

lOj 


10 

9l 

9l 
9i 
9i 

II 

8 
8 
8 
8 

7} 
71 
7} 
7l 


Si'-6" 
53-0 

56-0 
58-0 

60-0 
62-6 
65-0 
67-6 
70-0 

72-6 

77-^ 
80-0 
84-0 

88-0 
92-0 
96-0 

lOO-O 

105-0 

IIO-O 

II5-0 
120-0 
130-0 
140-0 

150-0 
160-0 
180-0 
200-0 
225-0 

250-0 
300-0 

350-0 

400-0 

500-0 
625-0 

750-0 

lOOO-O 


3t 
3t 
3I 

\i 

2 
2 

2 
2 

2 

2 

2' 

2  : 
2  : 


i| 
If 

i\ 
i\ 

i\ 

I 


51 
St 

5 

4 

4 

4 
4' 
4t 

4, 

3} 

1} 

5! 
'! 

2 

l{ 

1} 
if 

l| 
1} 

It 

I 


7 

^} 
6 

6 

^ 

6 

Si 

5 
5 
5t 

S, 

4 
4 

4 
4 

4 
3 
3 
3 
31 

jt 

;! 

2 

:l 


270 


TABLE  164 
Natural  Tangents 


a 

(/ 

f 

10' 

IS* 

20' 

2S' 

30' 

i/ 

4cf 

4f 

SO' 

Sf 

60' 

il 

o 

I 

2 

3 
4 

.0000 

•OI7S 
.0349 
.0524 
.0699 

.0015 
.0189 
.0364 

•0539 
.0714 

.0029 
.0204 
.0378 

.0553 
.0729 

.0044 
.0218 
.0393 
.0568 
.0743 

.0058 
.0233 
.0407 
.0582 
.0758 

.0073 
.0247 
.0422 
.0597 
.0772 

.0087 
.0262 
.0437 
.0612 
.0787 

.0102 
.0276 

.0802 

.0116 
.0291 
.0466 
.0641 
.0816 

.0131 
.0306 
.0480 

•0655 
.0831 

.0146 
.0320 

.0670 
.0846 

.0160 

•0335 
.0509 
.0685 
.0860 

.0175 
.0349 
.0524 
.0699 
.0875 

0 

I 

2 

3 
4 

S 
6 

9 

.0875 
.1051 
.1228 
.140S 
.1584 

.0890 
.1066 

.1243 
.1420 

.1599 

.0904 
.1080 

.1257 

.1435 
.1614 

.0919 
.1095 
.1272 
.1450 
.1629 

.0934 
.1110 
.1287 
.1^65 
.1644 

.0948 
.1125 
.1302 
.1480 
.1658 

.0963 
.1139 

.1317 
.1495 
.1673 

.0978 
.1154 
.1331 
.1509 
.1688 

.0992 
.1169 
.1346 
.1524 
.1703 

.1007 
.1184 
.1361 

•1539 
.1718 

.1022 
.1198 
.1376 
.1554 
•1733 

.1036 
.1213 
.1391 
.1569 
.17^8 

.1051 
.1228 
.1405 
.1584 
.1763 

i 

7 

S 

9 

10 
II 
12 
13 
H 

lO 

II 

12 

^3 
H 

IS 
i6 

7s 

/P 

20 
21 
22 
23 
24 

78 

29 

.1763 
.1944 
.2126 
.2309 
.2493 

.1778 

.1959 
.21^1 
.2324 
.2509 

.1793 
•1974 
.2 1 56 
.2339 
•2524 

.1808 
.1989 
.2171 

.2355 
.2540 

.1823 
.2004 
.2186 
.2370 
•2555 

.1838 
.2019 
.2202 
.2385 
.2571 

•1853 
.2035 
.2217 
.2401 
.2586 

.1868 
.2050 
.2232 
.2416 
.2602 

.1883 
.2065 
.2247 
.2432 

.-.6x7 

.1899 
.2080 
.2263 

.2633 

.1914 

•2095 
.2278 
.2462 
.2648 

.1929 
.2110 
.2293 

X 

.1944 
.2126 
.2309 
.2493 
.2679 

.2679 
.2867 

.3057 
.3249 

.3443 

.2695 
.2883 
.3073 
.3265 
.3460 

.27x1 
.2899 
.3089 
•3281 
.3476 

.2726 

.2915 
.3105 

•3298 
.3492 

.2742 
.2931 
.3121 

.3314 
.3508 

.2758 
.2946 

.3137 
.3330 
•3525 

.2773 
.2962 

.3153 
.3346 
.35^1 

.2789 
.2978 
.3169 
.3362 
.3558 

.2805 
.2994 
.3185 
.3378 
.3574 

.2820 
.3010 
.3201 

•3395 
.3590 

.2836 
.3026 
.3217 

.3607 

.2852 
.3041 
-3233 
•3427 
.3623 

.2867 
•3057 
•3249 
•3443 
.3640 

76 

7s 

19 

.3640 
.3839 
.4040 
.4245 
.4452 

.3656 
■3855 

.4262 
•4470 

.3673 
.3872 
4074 
•4279 
•4487 

.3689 
.3889 
4091 
.4296 
.4505 

.3706 
.3906 
4108 

.4314 
.4522 

.3722 
.3922 
4125 

.4331 
.4540 

.3739 
.3939 
4142 
4348 

.4557 

.3755 
•3956 
.4159 
.4365 

•4575 

.3772 

•3973 
4176 

.4383 
•4592 

.3789 
.3990 
4193 
.4400 
.4610 

.3805 
.4006 
.4210 

4628 

.3822 
4023 
4228 

.46^5 

.3839 
.4040 
.4245 
.4452 
.4663 

20 
21 
22 

23 
24 

.4663 
.4877 
.509s 
.5317 
•5543 

.4681 
.4895 
.5114 
■5336 
.5562 

.4699 

•4913 
.5132 
.5354 
.5581 

.4716 

•4931 
.5150 

.5600 

.4734 
4950 
.5169 
•5392 
.5619 

.4752 
.4968 
.5187 

54" 
.5639 

.4770 
.4986 
.5206 
.5430 
.5658 

4788 
.5004 
.5224 

.4806 
.5022 
.5243 

.4823 
.5040 
.5261 
.5486 
.5715 

4841 

•5059 
.5280 

•5505 
•5735 

•4859 
•5077 
.5298 

.5524 

•5754 

.4877 
•5095 
.5317 
•5543 
•5774 

7s 

29 

30 
31 
32 
33 
34 

.5774 
.6009 
.6249 
.6494 
.6745 

•5793 
.6028 
.6269 
.6515 
.6766 

.5812 
.6048 
.6289 
.6536 
.6787 

.6310 
.6556 
.6809 

.5851 
.6088 
.6330 

.5871 
.6108 
.6350 
.6598 
.6851 

.5890 
.6128 

'% 
.6873 

.5910 
.6148 

.6894 

.6412 
.6661 
.6916 

16682 
•6937 

.5969 
.6208 

.6453 
.6959 

.5989 
.6228 

.6473 
.6724 
.6980 

.6009 
.6249 
.6494 
.67^5 
.7002 

30 
31 
32 
33 
34 

39 

.7002 
.7265 
.7536 
.7813 
.8098 

.7024 
.7288 
•7558 
.7836 
.8122 

.7046 
.7310 

.8146 

.7067 

.7604 
.7883 
.8170 

.7089 

.7627 

•7907 
.8195 

.71H 

.7377 
.7650 

•7931 
.8219 

•7133 
.7400 

.7673 
.7954 
.8243 

.7155 

.76^ 
.7978 
.8268 

•7445 
.7720 
.8002 
.8292 

.7199 
.7467 

.7743 
.8026 
.8317 

.7221 
.7490 
.7766 
.8050 
.8342 

•7243 

.7789 
.8074 
.8366 

.7265 
.7536 
.7813 
.8098 
.8391 

% 

39 

40 
41 
42 
43 

44 

40 
41 
42 

43 
44 

.8693 
.9004 
.9325 
.9657 

.8416 
.8718 
.9030 

.9352 
.9685 

.8441 
.8744 

.9057 
.9380 

.9713 

.8466 
.8770 
.9083 

.9407 
.9742 

.8796 
.9110 

.9435 
•9770 

.8516 
.8821 

.9137 
.9462 
.9798 

.8541 
.8847 
.9163 
.9490 
.9827 

.8566 
.8873 
.9190 

.8591 

.9217 

•9545 
.9884 

.8617 
.8925 
•9244 
.9573 
•9913 

.8642 
•8952 
.9271 
.9601 
.9942 

.8667 
.8978 
.9298 
,9629 
•9971 

.8693 
.9004 

1 .0000 

i! 

</ 

f 

10' 

// 

20' 

2S' 

30' 

35" 

40' 

45' 

so' 

SS' 

60' 

il 
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TABLE  165. 
Squases,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  i  to  99. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

I 

I 

I 

1. 0000 

1.0000 

50 

2500 

125000 

7.071 1 

3.6840 

2 

4 

8 

I.4142 

1.2599 

51 

2601 

132651 

7.I414 

3.7084 

3 

9 

27 

I.732I 

1.4422 

52 

2704 

140608 

7.21II 

3.7325 

4 

16 

64 

2.0000 

1.5874 

53 

2809 

148877 

7.2801 

3.7563 

5 

25 

125 

2.2361 

I.7100 

54 

2916 

157464 

7.3485 

3.7798 

6 

36 

216 

24495 

I.8171 

55 

3025 

166375 

7.4162 

3.8030 

7 

49 

343 

2.6458 

I.9129 

56 

3136 

175616 

7.4833 

3.8259 

8 

64 

512 

2.8284 

2.0000 

57 

3249 
3364 

185 193 

7.5498 

3.8485 

9 

81 

729 

3.0000 

2.0801 

58 

195I12 

7.6158 

3.8709 

10 

100 

1000 

3.1623 

2.IS44 

59 

3481 

205379 

7.681 1 

3.8930 

II 

121 

1331 

3.3166 

2.2240 

60 

3600 

216000 

7.7460 

3.9149 

12 

1^ 

1728 

3.4641 

2.2894 

61 

3721 

226981 

7.8102 

3.9365 

13 

2197 

3.6056 

2.3513 

62 

3844 
3969 

238328 

7.8740 

3.9579 

14 

196 

2744 

37417 

2.4101 

63 

250047 

7.9373 

3-9791 

15 

22s 

3375 

3-8730 

2.4662 

64 

4096 

262144 

8.0000 

4.0000 

16 

256 

4096 

4.0000 

2.519S 

^1 

4225 

274625 

8.0623 

4.0207 

17 

289 

4913 

4.1231 

2.5713 

66 

4356 

287496 

8.1240 

4.0412 
4.0615 

18 

324 

5832 

4,2426 

2.6207 

67 

4624 

300763 

8.1854 

19 

361 

6859 

4.3589 

2.6684 

68 

314432 

8.2462 

4.0817 

20 

400 

8000 

44721 

2.7144 

69 

4761 

328509 

8.3066 

4.1016 

21 

441 

9261 

4.5826 

2.7589 

70 

4900 

343000 

8.3666 

4.1213 

22 

484 

10648 
1 2 167 

4.6904 

2.8020 

71 

5041 

3579" 

84261 

4.1408 
4.1602 

23 

529 

47958 

2.8439 

72 

5184 

373248 

8.4853 

H 

576 

13824 

4.8990 

2.8845 

73 

5329 

389017 

8.5440 

4.1793 

25 

62s 

15625 

5.0000 

2.9240 

74 

5476 
5625 

405224 

8.6023 

4.1983 

26 

676 

17576 

5.0990 

2.9625 

75 

421875 

8.6603 

4.2172 

^7 

729 

19683 

5.1962 

3.0000 

7^ 

5776 

438976 

8.7178 

4.2358 

28 

784 

21952 

5.2915 

3.0366 

77 

5929 

456533 

87750 

4.2543 

^ 

841 

24389 

5-3852 

3.0723 

78 

6084 

474552 

8.8318 

4.2727 

30 

900 

27000 

5.4772 

3.1072 

79 

6241 

493039 

8.8882 

4.2908 

31 

961 

29791 

5.5678 

3.1414 

80 

6400 

512000 

8.9443 

4.3089 

32 

1024 

32768 

5.6569 

3.1748 

81 

6561 

551368 

9.0000 

4.3267 

33 

1089 

35937 

57446 

3.2075 

82 

6724 

9.0554 

4.3445 

34 

1156 

39304 

5.8310 

3.2396 

83 

6889 

571787 

9,1104 

4.3621 

35 

1225 

^M 

5.9161 

3.2711 

84 

7056 

592704 

9.1652 

4.3795 

36 

1296 

46656 

3.3019 

85 

7225 

614x25 

9.2195 

4.3968 

37 

1369 

50653 

6.0828 

3.3322 

86 

7396 

636056 

9.2736 

44140 

38 

1444 

54872 

6.1644 

3.3620 

87 

7569 

658503 

9.3274 

4.4310 

39 

1521 

59319 

6.2450 

3.3912 

88 

7744 

681472 

9.3808 

4.4480 
4.4647 

40 

1600 

64000 

6.3246 

3.4200 

89 

7921 

704969 

9.4340 

41 

1681 

68921 

6.4031 

3.4482 

90 

8100 

729000 

9.4868 

44814 

42 

1764 

74088 

64807 

3.4760 

91 

8281 

753571 

9.5394 

4.4979 

43 

1849 

79507 

6.5574 

3.5034 

92 

8464 

778688 

9.5917  . 
9.6437 

4.5144 

44 

1936 

85184 

6.6332 

3.5303 

93 

8649 

804357 

4.5307 

45 

2025 

91125 

67082 

3.5569 

94 

8836 

830584 

9.6954 

4.5468 

46 

2110 

97336 

6.7823 

3.5830 

Si 

9025 

857375 

9.7468 

4.5629 

47 

2209 

103823 

6.8557 

3.6088 

9216 

884736 

9.7980 

4.5789 

48 

2304 

110592 

6.9282 

3.6342 

97 

9409 

912673 

9.8489 

4.5947 

49 

2401 

1 17649 

7.0000 

3.6593 

98 

9604 

941192 

9.8995 

4.6104 

99 

9S01 

970299 

9.9499 

4.6261 
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TABLE  165.— 'Continued. 
Squases,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  ioo  to  199. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

IOO 

lOOOO 

lOOOOOO 

10.0000 

4.6416 

150 

22500 

3375000 

12.2474 

5.3133 

lOI 

I020I 

I03030I 

10.0499 

4.6570 

151 

22801 

3442951 

12.2882 

5.3251 

102 

10404 

I06I208 

10.0995 

4.6723 

152 

23104 

35 1 1808 

12.3288 

5.3368 

103 

10609 

1092727 

10.1489 

4.6875 

153 

23409 

3581577 

12.3693 

5.3485 

104 

IO816 

I I 24864 

10.1980 

4.7027 

154 

23716 

3652264 

12.4097 

5.3601 

loS 

1 1025 

I 157625 

10.2470 

4.7177 

155 

24025 

3723875 

12.4499 

5.3717 

106 

II236 

II9IOI6 

10.2956 

4.7326 

156 

24336 

3796416 

12.4900 

5.3832 

107 

II449 

1225043 

10.3441 

4-7475 

157 

24649 

3869893 

12.5300 

5.3947 

108 

I1664 

I2597I2 

10.3923 

4.7622 

158 

24964 

3944312 

12.5698 

5.4061 

109 

II88I 

1295029 

10.4403 

4.7769 

159 

25281 

4019679 

12.6095 

5.417s 

no 

I2I00 

133 1000 

10.4881 

4.7914 

160 

25600 

4096000 

12.6491 

5.4288 

III 

I232I 

136763 1 

10.5357 

4.8059 

161 

25921 

4173281 

12.6886 

5.4401 

112 

12544 

1404928 

10.5830 

4.8203 

162 

26244 

4251528 

12.7279 

5.4514 

113 

12769 

1442897 

10.6301 

4.8346 

163 

26569 

4330747 

12.7671 

5.4626 

114 

12996 

1481544 

10.6771 

4.8488 

164 

26896 

4410944 

12.8062 

5.4737 

"5 

13225 

1520875 

10.7238 

4.8629 

'^A 

27225 

4492125 

12.8452 

5.4848 

116 

13456 

1560896 

10.7703 

4.8770 

166 

27556 

4574296 

12.8841 

5-4959 

117 

13689 

I60I6I3 

10.8167 

4.8910 

167 

27889 

4657463 

12.9228 

5.5069 

118 

13924 

1643032 

10.8628 

4.9049 

168 

28224 

4741632 

12.9615 

5.5178 

119 

I4161 

I685I59 

10.9087 

4.9187 

169 

28561 

4826809 

13.0000 

5.5288 

120 

14400 

1728000 

10.9545 

49324 

170 

28900 

4913000 

13.0384 

5-5397 

121 

I464I 

I77I56I 

11.0000 

4.9461 

171 

29241 

50002 I I 

13.0767 

5.5505 

122 

14884 

I8I5848 

11.0454 

4.9597 

172 

29584 

5088448 

13.1149 

5.5613 

123 

I5129 

1860867 

n.0905 

4.9732 

173 

29929 

S177717 

13.1529 

5.5721 

124 

15376 

1906624 

"1355 

4.9866 

174 

30276 

5268024 

13.1909 

5.5828 

125 

15625 

1953 125 

II. 1803 

5.0000 

175 

30625 

5359375 

13.2288 

5.5934 

126 

15876 

2000376 

11.2250 

S.0133 

176 

30976 

5451776 

13.2665 

5.6041 

127 

161 29 

2048383 

11.2694 

5.0265 

177 

31329 

5545233 

13.3041 

5.6147 

128 

16384 

2097152 

11.3137 

5.0397 

178 

31684 

5639752 

13.3417 

5.6252 

129 

1664I 

2146689 

11.3578 

5.0528 

179 

32041 

5735339 

13.3791 

5.6357 

130 

16900 

2197000 

1 1. 4018 

5.0658 

180 

32400 

5832000 

13.4164 

5.6462 

131 

I7161 

2248091 

11.4455 

5.0788 

181 

32761 

59:^9741 

13.4536 

5.6567 

132 

17424 

2299968 

11.4891 

5.0916 

182 

33124 

602856S 

13.4907 

5.6671 

133 

17689 

2352637 

11.5326 

5.1045 

183 

33489 

6128487 

13.5277 

5.6774 

134 

17956 

2406104 

11.5758 

5.1172 

184 

33856 

6229504 

13.5647 

5-6877 

13s 

18225 

2460375 

11.6190 

5.1299 

185 

34225 

6111625 

13.6015 

5.6980 

136 

18496 

2515456 

II. 6619 

5.1426 

186 

34596 

6+3+856 

13.6382 

5.7083 

137 

18769 

2571353 

11.7047 

5.1551 

187 

34969 

6539203 

13.6748 

5.7185 

138 

19044 

2628072 

11.7473 

5.1676 

188 

35344 

6644672 

13.7113 

5.7287 

139 

I932I 

2685619 

11.7898 

5.1801 

189 

35721 

6751569 

13.7477 

5.7388 

140 

19600 

2744000 

11.8322 

5.1925 

190 

36100 

6859000 

13.7840 

5.7489 

141 

I9881 

2803221 

11.8743 

5.2048 

191 

36481 

6967871 

13.8203 

5.7590 

142 

20164 

2863288 

1 1. 9164 

5.2171 

192 

36864 

7077888 

13.8564 

5.7690 

143 

20449 

2924207 

11.9583 

5.2293 

193 

37249 

7189057 

13.8924 

5.7790 

144 

20736 

2985984 

12.0000 

5.2415 

19* 

37636 

7301384 

13.9284 

5.7890 

14s 

21025 

3048625 

12.0416 

5.2536 

195 

38025 

7414875 

13.9642 

5.7989 

146 

2I316 

3II2I36 

12.0830 

5.2656 

196 

38416 

7529536 

14.0000 

5.8088 

H7 

21609 

3176523 

12.1244 

5.2776 

197 

38809 

7645373 

14.0357 

5.8186 

148 

21904 

3241792 

12.1655 

5.2896 

198 

39204 

7762392 

14.0712 

5-?^?s 

149 

22201 

3307949 

12.2066 

5.3015 

199 

39601 

7880599 

14.1067 

5.8383 
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TABLE  16S.— Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  200  to  299, 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

200 

40000 

8000000 

I4.142I 

5.8480 

250 

62500 

15625000 

15.8114 

6.2996 

201 

40401 

8 1 20601 

I41774 

5.8578 

251 

63001 

15813251 

15.8430 

6.3080 

202 

40804 

8242408 

14.2127 

5.8675 

252 

63504 

16003008 

15.8745 

6.3164 

203 

41209 

8365427 

14.2478 

5.8771 

253 

64009 

16194277 

15.9060 

6.3247 

204 

41616 

8489664 

14.2829 

S.8868 

254 

64516 

16387064 

15.9374 

6.3330 

205 

42025 

8615125 

14.3178 

5.8964 

255 

65025 

16581375 

15.9687 

6.3413 

206 

42436 

8741816 

14-3527 

5.9059 

256 

65536 

16777216 

16.0000 

6.3496 

207 

42849 

8869743 

14.3875 

5.9155 

257 

66049 

16974593 

16.0312 

6.3579 

208 

43264 

8998912 

14.4222 

5.9250 

258 

66564 

17173512 

16.0624 

6.3661 

209 

43681 

9129329 

14.4568 

5-9345 

259 

67081 

17373979 

16.0935 

6.3743 

210 

44100 

9261000 

14.4914 

5.9439 

260 

67600 

17576000 

16.1245 

6.3825 

211 

44521 

9393931 

14.5258 

5.9533 

261 

68121 

17779581 

16.1555 

6.3907 

212 

449U 

9528128 

14.5602 

5.9627 

262 

a 

17984728 

16.1864 

6.3988 

213 

45369 

9663597 

14.5945 

5.9721 

263 

18191447 

16.2173 

6.4070 

214 

45796 

9800344 

14.6287 

5.9814 

264 

69696 

18399744 

16.2481 

6.415 1 

215 

46225 

9938375 

14.6629 

5.9907 

265 

70225 

18609625 

16.2788 

6.4232 

216 

46656 

10077696 

14.6969 

6.0000 

266 

70756 

18821096 

16.3095 

6.4312 

217 

47089 

IO218313 

14.7309 

6.0092 

267 

71289 

19034163 

16.3401 

6.4393 

218 

47524 

10360232 

14.7648 

6.0185 

268 

71824 

19248832 

16.3707 

6.4473 

219 

47961 

10503459 

14.7986 

6.0277 

269 

72361 

19465109 

16.4012 

6.4553 

220 

48400 

10648000 

14.8324 

6.0368 

270 

72900 

19683000 

16.4317 

64633 

221 

48841 

10793 86 I 

14.8661 

6.0459 

271 

73441 

199025 11 

16.4621 

64713 

222 

49284 

10941048 

14.8997 

6.0550 

272 

73984 

20123648 

16.4924 

6.4792 

223 

49729 

I 1089567 

14.9332 

6.0641 

273 

74529 

20346417 

16.5227 

6.4872 

224 

50176 

I 1239424 

14.9666 

6.0732 

274 

75076 

20570824 

16.5529 

6.4951 

225 

50625 

I 1390625 

15.0000 

6.0822 

275 

75625 

20796875 

16.5831 

6.5030 

226 

51076 

I 1543 176 

15.0333 

6.0912 

276 

76176 

21024576 

16.6132 

6.5108 

227 

51529 

I 1697083 

15.0665 

6.1002 

277 

76729 

21253933 

16.6433 

6.5187 

228 

51984 

11852352 

150997 

6.1091 

278 

77284 

21484952 

16.6733 

6.5265 

229 

52441 

12008989 

15.1327 

6.1 180 

279 

77841 

21717639 

16.7033 

6.5343 

230 

152900 

I 2 167000 

15.1658 

6.1269 

280 

78400 

21952000 

16.7332 

6.5421 

231 

53361 

I 23 2639 I 

15.1987 

6.1358 

281 

78961 

22 I 88041 

16.7631 

6.5499 

232 

53824 

12487168 

15.2315 

6.1446 

282 

79524 

22425768 

16.7929 

6.5577 

233 

54289 

12649337 

15.2643 

6.1534 

283 

80089 

22665187 

16.8226 

6.5654 

234 

54756 

I 28 I 2904 

15.2971 

6.1622 

284 

80656 

22906304 

16.8523 

6.5731 

235 

55225 

12977875 

15.3297 

6.1710 

285 

81225 

23149125 

16.8819 

6.5808 

236 

55696 

13 144256 

15.3623 

6.1797 

286 

81796 

23393656 

16.9115 

6.5885 

237 

56169 

13312053 

15.3948 

6.1885 

287 

82369 

23639903 

16.94II 

6.5962 

238 

56644 

I 348 I 272 

15.4272 

6.1972 

288 

82944 

23887872 

16.9706 

6.6039 

239 

57121 

13651919 

15.4596 

6.2058 

289 

83521 

24137569 

17.0000 

6.61 15 

240 

57600 

13824000 

15.4919 

6.2145 

290 

84100 

24389000 

17.0294 

6.6191 

241 

58081 

13997521 

15.5242 

6.2231 

291 

84681 

2464217I 

17.0587 

6.6267 

242 

58564 

14 I 72488 

155563 

6.2317 

292 

85264 

24897088 

17.0880 

6.6343 

243 

59049 

14348907 

15.5885 

6.2403 

293 

85849 

25153757 

17.1172 

6.6419 

i44 

59536 

14526784 

15.6205 

6.2488 

294 

86436 

25412184 

17.1464 

6.6494 

245 

60025 

14706125 

15.6525 

6.2573 

295 

87025 

25672375 

17.1756 

6.6569 

246 

60516 

14886936 

15.6814 
15.7162 

6.2658 

296 

87616 

25934336 

17.2047 

6.6644 

247 

61009 

15069223 

6.2743 

297 

88209 

26198073 

17.2337 

6.6719 

248 

61504 

15252992 

15.7480 

6.2828 

298 

88804 

26463592 

17.2627 

6.6794 

249 

62001 

15438249 

15.7797 

6.2912 

299 

89401 

26730899 

17.2916 

6.6869 
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TABLE  16S,^CofUinued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  300  to  399. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

300 

90000 

27000000 

17.3205 

6.6943 

350 

122500 

42875000 

18.7083 

70473 

301 

90601 

27270901 

17.3494 

6.7018 

351 

I 23 201 

43243551 

18.7350 

7.0540 

302 

91204 

27543608 

17.3781 

6.7092 

352 

123904 

43614208 

18.7617 

7.0607 

303 

91809 

27818127 

17.4069 

6.7166 

353 

124609 

43986977 

18.7883 

7.0674 

304 

92416 

28094464 

17.4356 

6.7240 

354 

I25316 

44361864 

18.8x49 

7.0740 

305 

93025 

28372625 

17.4642 

6.7313 

355 

126025 

44738875 

X8.8414 

7.0807 

306 

93636 

28652616 

17.4929 

6.7387 

356 

126736 

451x8016 

18.8680 

7.0873 

307 

94249 

28934443 

17.5214 

6.7460 

357  . 

127449 

45499293 

18.8944 

7.0940 

308 

94864 

29218112 

17.5499 

6.7533 

358 

128 164 

45882712 

18.9209 

7.1006 

309 

95481 

29503629 

17.5784 

6.7606 

359 

I28881 

46268279 

18.9473 

7.1072 

310 

96100 

29791000 

17.6068 

6.7679 

360 

129600 

46656000 

18.9737 

7.II38 

3H 

96721 

30080231 

17.6352 

6,7752 

361 

130321 

47045881 

X9.OOOO 

7.1204 

312 

97344 

30371328 

17.6635 

6.7SJ4 

362 

131044 

47437928 

19.0263 

7.1269 

313 

97969 

30664297 

17.6918 

67897 

363 

13 1 769 

47832147 

19.0526 

7.1335 

314 

98596 

30959144 

17.7200 

6.7969 

364 

132496 

48228544 

19.0788 

7.1400 

31S 

99225 

3125587s 

17.7482 

6.&D41 

365 

133225 

48627125 

19.1050 

7.1466 

316 

99856 

31554496 

177764 

6.81 13 

366 

133956 

49027896 

19.I31I 

7.1531 

317 

100489 

31855013 

17.8045 

6.8185 

367 

134689 

49430863 

19.1572 

7.1596 

318 

101124 

32157432 

17.8326 

6.8256 

368 

135424 

49836032 

19.1833 

7.1661 

319 

101761 

32461759 

17.8606 

6.8328 

369 

136161 

50243409 

19.2094 

7.1726 

320 

102400 

32768000 

17.8885 

6.8399 

370 

136900 

50653000 

19.2354 

7.1791 

321- 

103041 

33076161 

17.9165 

6.8476 

371 

I37641 

5 10648 I I 

19.2614 

7.1855 

322 

103684 

33386248 

17.9444 

6.8541 

372 

138384 

51478848 

19.2873 

7.1920 

323 

104329 

33698267 

17.9722 

6.8612 

373 

I39129 

51895117 

19.3132 

7.1984 

324 

104976 

34012224 

18.0000 

6.8683 

374 

139876 

52313624 

19.3391 

7.2048 

325 

105625 

34328125 

18.0278 

6.8753 

375 

140625 

52734375 

19.3649 

7.2I12 

326 

106276 

34645976 

18.0555 

6.8824 

376 

I41376 

53157376 

19.3907 

7.2177 

327 

106929 

34965783 

18.0831 

6.8894 

377 

142 I 29 

53582633 

19.4165 

7.2240 

328 

107584 

35287552 

18.IIO8 

6.8964 

378 

142884 

540IOI52 

19.4422 

7.2304 

329 

108241 

3561 1289 

18.1384 

6.9034 

379 

143641 

54439939 

19.4679 

7.2368 

330 

108900 

35937000 

18.1659 

6.9104 

380 

144400 

54872000 

19.4936 

7.2432 

331 

109561 

36264691 

18.1934 

6.9174 

381 

I45161 

55306341 

19.5192 

7.2495 

332 

I 10224 

36594368 

18.2209 

6.9244 

382 

145924 

55742968 

19.5448 

7.2558 

333 

1 10889 

36926037 

18.2483 

6.9313 

383 

146689 

56181887 

19.5704 

7.2622 

334 

111556 

37259704 

18.2757 

6.9382 

384 

147456 

56623104 

19.5959 

7.2685 

335 

I 12225 

37595375 

18.3030 

6.9451 

385 

148225 

57066625 

X9.6214 

7.2748 

.336 

I I 2896 

37933056 

18.3303 

6.9521 

386 

148996 

57512456 

19.6469 

7.281 1 

337 

113569 

38272753 

18.3576 

6.9589 

387 

149769 

57960603 

19.6723 

7.2874 

338 

I 14244 

38614472 

18.3848 

6.9658 

388 

150544 

5841 1072 

19.6977 

7.2936 

339 

114921 

38958219 

18.4120 

6.9727 

389 

151321 

58863869 

19.7231 

7.2999 

340 

115600 

39304000 

18.4391 

6.9705 

390 

152100 

59319000 

19.7484 

7.3061 

341 

116281 

39651821 

18.1662 

6.9864 

391 

152881 

59776471 

19.7737 

7.3124 

342 

1 16964 

40001688 

18.4932 

6.9932 

392 

153664 

60236288 

19.7990 

7.3186 

343 

I 17649 

40353607 

18.5203 

7.0000 

393 

154449 

60698457 

19.8242 

7.3248 

344 

118336 

40707584 

18.5472 

7.0068 

394 

155236 

61 162984 

19.8494 

7.3310 

345 

I 19025 

41063625 

18.5742 

7.0136 

395 

156025 

61629875 

19.8746 

7.3372 

346 

119716 

41421736 

i8.6ori 

7.0203 

396 

156816 

62099136 

19.8997 

7-3434 

347 

120409 

41781923 

18.6279 

7.0271 

397 

157609 

62570773 

19.9249 

7.3496 

348 

12 I 104 

42144192 

18.6548 

7.0338 

398 

158404 

•63044792 

19.9499 

7.3558 

349 

121801 

42508549 

1^.6815 

7.0406 

399 

I 59201 

63521199 

19.9750 

7.3619 
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TABLE  leS.^CofUinued, 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  400  to  499. 


No. 

Square. 

Cube. 

ISq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

400 

160000 

64000000 

20.0000 

7.3681 

450 

202500 

91125000 

21.2132 

7.6631 

401 

160801 

6448 I 201 

20.0250 

7-3742 

451 

203401 

91733851 

21.2368 

7.6688 

402 

161604 

64964808 

20.0499 

7.3803 

452 

204304 

92345408 

21.2603 

7.6744 

403 

162409 

65450827 

20.0749 

7.3864 

453 

205209 

92959677 

21.2838 

7.6801 

404 

163216 

65939264 

20.0998 

7-3925 

454 

2061 16 

93576664 

21.3073 

7.6857 

405 

164025 

66430125 

20.1246 

7.3986 

455 

207025 

94196375 

21.3307 

7.6914 

406 

164836 

66923416 

20.1494 

74047 

456 

207936 

94818816 

21.3542 

7.6970 

407 

!^t 

67419143 

20.1742 

7.4108 

457 

208849 

95443993 

21.3776 

7.7026 

408 

679173 12 

20.1990 

74169 

458 

209764 

96071912 

21.4009 

7.7082 

409 

167281 

68417929 

20.2237 

7.4229 

459 

210681 

96702579 

21.4243 

7.7138 

410 

168100 

68921000 

20.2485 

7.4290 

460 

211600 

97336000 

21.4476 

7.7194 

411 

16892 I 

69426531 

20.2731 

74350 

461 

212521 

97972181 

214709 

7.7250 

412 

169744 
170569 

69934528 

20.2978 

7.4410 

462 

213444 

9861 1128 

21.4942 

7.7306 

413 

70444997 

20.3224 

7-4470 

463 

214369 

99252847 

21.5174 

7.7362 

4H 

171396 

70957944 

20.3470 

74530 

464 

215296 

99897344 

21.5407 

7.7418 

415 

172225 

71473375 

20.3715 

74590 

46s 

216225 

100544625 

21.5639 

7-7473 

416 

173056 

71991296 

20.3961 

7.4650 

466 

217156 

loi 194696 

21.5870 

7.7529 

417 

173889 

725II7I3 

20.4206 

7.4710 

467 

218089 

101847563 

21.6102 

7.7584 

418 

174724 

73034632 

20.4450 

74770 

468 

219024 

102503232 

21.6333 

7.7639 

419 

175561 

73560059 

20.4695 

7.4829 

469 

219961 

103161709 

21.6564 

7.7695 

420 

176400 

74088000 

20.4939 

7.4889 

470 

220900 

103823000 

21.6795 

7.7750 

421 

177241 

74618461 

20.5183 

7.4948 

471 

221841 

1044871 II 

21.7025 

7.7805 

422 

178084 

7?Tn448 

20.5426 

7.5007 

472 

222784 

105 I 54048 

21.7256 

7.7860 

423 

178929 

75686<>67 

20.5670 

7.5067 

473 

223729 

105823817 

21.7486 

7.7915 

424 

179776 

76125024 

20.5913 

7.5126 

474 

224676 

106496424 

21.7715 

7.7970 

42s 

180625 

y6yfiJns 

20.6155 

7.5185 

475 

225625 

107171875 

21.7945 

7-8025 

426 

I 8 1476 

77^0^776 

20.6398 

7.5244 

476 

226576 

107850176 

21.8174 

7.8079 

427 

182329 

77^544^3 

20.6640 

7.5302 

477 

227529 

108531333 

21.8403 

7.8134 

428 

183184 

7B+02752 

20.6882 

7.5361 

478 

228484 

109215352 

21.8632 

7.8188 

429 

184041 

j^ms^ 

20.7123 

7.5420 

479 

229441 

109902239 

21.8861 

7.8243 

430 

184900 

79507000 

20.7364 

7-5478 

480 

230400 

I 10592000 

21.9089 

7.8297 

431 

185761 

80062991 

20.7605 

7.5537 

481 

231361 

111284641 

21.9317 

7.8352 

432 

186624 

80621568 

20.7846 

7.5595 

482 

232324 

I I 1980168 

219545 

7.8406 

433 

187489 

81182737 

20.8087 

7.5654 

483 

233289 

112678587 

21.9773 

7.8460 

434 

188356 

81746504 

20.8327 

7.5712 

484 

234256 

113379904 

22.0000 

7.8514 

435 

189225 

82312875 

20.8567 

7.5770 

485 

235225 

114084125 

22.0227 

7.8568 

436 

190096 

82881856 

20.8806 

7.5828 

486 

236196 

114791256 

22.0454 

7.8622. 

437 

190969 

83453453 

20.9045 

7.5886 

487 

237169 

1 15501303 

22J06Sl 

7.8676 

438 

191844 

84027672 

20.9284 

7.5944 

488 

238144 

116214272 

22.0907 

7.8730 

439 

192721 

84604519 

20.9523 

7.6001 

489 

239121 

116930169 

22.1133 

7.8784 

440 

193600 

85184000 

20.9762 

7.6059 

490 

240100 

I 17649000 

22.1359 

7.8837 

441 

194481 

85766121 

21.0000 

7.6117 

491 

241081 

118370771 

22.1585 

7.8891 

442 

195364 

86350888 

21.0238 

7.6174 

492 

242064 

I 19095488 

22.1811 

78944 

443 

196249 

86938307 

21.0476 

7.6232 

493 

243049 

I 19823 157 

22.2036 

7.8998 

444 

197136 

87528384 

21.0713 

7.6289 

494 

244036 

120553784 

22.2261 

7.9051 

445 

198025 

88121125 

21.0950 

7.6346 

495 

245025 

121287375 

22.2486 

7.9105 

446 

198916 

88716536 

21.1187 

7.6403 

496 

246016 

122023936 

22.2711 

7.9158 

447 

199809 

89314623 

21.1660 

7.6460 

497 

247009 

122763473 

22.2935 

7.921 1 

448 

200704 

89915392 

7.6517 

498 

248004 

123505992 

22.3159 

7.9264 

449 

201601 

90518849 

21.1896 

7.6574 

499 

249001 

124251499 

22.3383 

7.9317 
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TABLE  165.^Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  500  to  599. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

500 

250000 

125000000 

22.3607 

7.9370 

550 

302500 

166375000 

23.4521 

8.1932 

501 

251001 

125751501 

22.3830 

7.9423 

551 

303601 

16728415 1 

23.4734 

8.1982 

502 

252004 

126506008 

22.4054 

7.9476 

552 

304704 

168196608 

23.4947 

8.2031 

503 

253009 

127263527 

22.4277 

7.9528 

553 

305809 

1691 12377 

23.5160 

8.2081 

504 

254016 

128024064 

22.4499 

7.9581 

554 

306916 

17003 1464 

23.5372 

8.2130 

505 

255025 

128787625 

22.4722 

7.9634 

555 

308025 

170953875 

23-5584 

8.2180 

506 

256036 

129554216 

22.4944 

7.9686 

556 

309136 

171 879616 

23.5797 

8.2229 

507 

257049 

130323843 

22.5167 

7-9739 

557 

310249 

172808693 

23.6008 

8.2278 

508 

258064 

131096512 

22.5389 

7.9791 

558 

311364 

17374III2 

23.6220 

8.2327 

509 

.259081 

13 1872229 

22.5610 

7.9843 

559 

312481 

174676879 

23.6432 

8.2377 

510 

260100 

13265 1000 

22.5832 

7.9896 

560 

313600 

175616000 

23.6643 

8.2426 

5" 

261 121 

13343283 1 

22.6053 

7.9948 

561 

314721 

176558481 

23.6854 

8.2475 

512 

262144 

134217728 

22.6274 

8.0000 

562 

l\^ 

177504328 

23.7065 

8.2524 

513 

263169 

135005697 

22.6495 

8.0052 

563 

178453547 

23.7276 

8.2573 

SH 

264196 

135796744 

22.6716 

8.0104 
8.0156 

564 

318096 

179406144 

23.7487 

8.2621 

5*5 

265225 

136590875 

22.6936 

5^1 

319225 

180362 I 25 

23.7697 

8.2670 

516 

266256 

137388096 

22.7156 

8.0208 

566 

320356 

181321496 

23.7908 

8.2719 

S^7 

267289 

138188413 

22.7376 

8.0260 

567 

321489 
322624 

182284263 

23.8118 

8.2768 

518 

268324 

138991832 

22.7596 

8.03 1 1 

568 

183250432 

23.8328 

8.2816 

S19 

269361 

139798359 

22.7816 

8.0363 

569 

323761 

184220009 

23.8537 

8.2865 

520 

270400 

140608000 

22.8035 

8.041S 

570 

324900 
326041 

185 193000 

23.8747 

8.2913 

521 

27144I 

141420761 

22.8254 

8.0466 

571 

186169411 

23.8956 

8.2962 

522 

272484 

142236648 

22.8473 

8.0517 

572 

327184 

187149248 

23.9165 

8.3010 

523 

273529 

143055667 

22.8692 

8.0569 

573 

328329 

188132517 

23.9374 

8.3059 

524 

274576 

143877824 

22.8910 

8.0620 

574 

329476 

189119224 

23.9583 

8.3107 

525 

275625 

144703 1 25 

22.9129 

8.0671 

575 

330625 

190109375 

23.9792 

8.3155 

526 

276676 

I45531576 

22.9347 

8.0723 

576 

331776 

191102976 

24.0000 

8.3203 

527 

277729 

146363 183 

22.9565 

i'T^ 

577 

332929 

192100033 

24.0208 

8.3251 

528 

278784 

147197952 

22.9783 

8.0825 

578 

334084 

193 100552 

24.0416 

8.3300 

529 

279841 

148035889 

23.0000 

8.0876 

579 

335241 

I94IO4539 

24.0624 

8.3348 

530 

280900 

148877000 

23.0217 

8.0927 

580 

336400 

195112000 

24.0832 

8.3396 

531 

281961 

149721291 

23.0434 

8.0978 

581 

337561 

196122941 

24.1039 

8.3443 

532 

283024 

150568768 

23.0651 

8.1028 

582 

338724 

197137368 

24.1247 

8.3491 

533 

284089 

151419437 

23.0868 

8.1079 

5^3 

339889 

198155287 

24.1454 

8.3539 

534 

285156 

152273304 

23.1084 

!"2^ 

5!* 

341056 

199176704 

24.1661 

8.3587 

535 

286225 

15313037s 

23.1301 

8.1180 

585 

342225 

200201625 

24.1868 

8.3634 

536 

287296 

153990656 

23.1517 

8.1231 

586 

343396 

201230056 

24.2074 

8.3682 

537 

288369 

154854153 

23-1733 

8.1281 

^ll 

344569 

202262003 

24.2281 

8.3730 

538 

289444 

155720872 

23.1948 
23.2164 

8.1332 

588 

345744 

203297472 

24.2487 

8.3777 

539 

290521 

156590819 

8.1382 

589 

346921 

204336469 

24.2693 

8.3825 

540 

291600 

157464000 

23.2379 

8.1433 

590 

348100 

205379000 

24.2899 

8.3872 

541 

292681 

158340421 

23.2594 

8.1483 

591 

349281 

206425071 

24.3105 

8.3919 

542 

293764 

159220088 

23.2809 

8-1533 

592 

350464 

207474688 

24.3311 

8.3967 

543 

29484? 

160103007 

23.3024 

8.1583 

593 

35164? 

208527857 

24.3516 

8.4014 

544 

295936 

160989184 

23.3238 

^^^2^ 

594 

352836 

209584584 

24.3721 

8.4061 

545 

297025 

161 878625 

23.3452 

8.1683 

595 

354025 

210644875 

24.3926 

8.4108 

546 

2981 16 

162771336 

23.3666 

8.1733 

596 

355216 

211708736 

24.4131 

8.4155 

547 

299209 

163667323 

23.3880 

8.1783 

597 

356409 
357604 

212776173 

24.4336 

8.4202 

548 

300304 

164566592 

23.4094 

8.1833 

598 

213847192 

24.4540 

8.4249 

549 

3OI4OI 

165469149 

23.4307 

8.1882 

599 

358801 

214921799 

24.4745 

8.4296 
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TABLE  ItS.—Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  600  to  699. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

600 

360000 

216000000 

24.4949 

8.4343 

650 

422500 

274625000 

25.4951 

8.6624 

601 

3612OI 

217081801 

24.5153 

8.4390 

651 

423801 

275894451 

255147 

8.6668 

602 

362404 

2 18 167208 

24-5357 

8.4437 

652 

425104 

277167808 

25  5343 

8.6713 

603 

363609 

219256227 

24.5561 

8.4484 

653 

426409 

278445077 

25.5539 

8.6757 

604 

]K 

220348864 

24.5764 

8.4530 

654 

427716 

279726264 

25.5734 

8.6801 

605 

221445125 

24.5967 

8.4577 

fS5 

429025 

281011375 

25.5930 

8.6845 

606 

367236 

222545016 

24.6171 

8.4623 

656 

430336 

282300416 

25.6125 

8.6890 

607 

» 

223648543 

24.6374 

8.4670 

657 

431649 

283593393 

25.6320 

8.6934 

608 

224755712 

24.6577 

8.4716 

658 

432964 

284890312 

25.6515 

8.6978 

609 

370881 

225866529 

24.6779 

8.4763 

659 

434281 

286191 179 

25.6710 

87022 

610 

372100 

226981000 

24.6982 

8.4809 

660 

435600 

287496000 

256905 

8.7066 

611 

373321 

228099I3I 

24.7184 

8.4856 

661 

436921 

288804781 

25.7099 

87110 

612 

374544 

229220928 

24.7386 

8.4902 

662 

4382^ 
439569 

2901 17528 

25.7294 

8.7154 

613 

375769 

230346397 

24.7588 

8.4948 

663 

291434247 

25.7488 

8.7198 

614 

376996 

231475544 

24.7790 

8.4994 

664 

440896 

292754944 

25.7682 

8.7241 

61S 

378225 

232608375 

24.7992 

8.5040 

442225 

294079625 

25.7876 

8.7285 

616 

379456 

233744896 

24.8193 

8.5086 

666 

443556 

295408296 

25.8070 

8.7329 

617 

380689 

2348851 13 

24.8395 

8.5132 

667 

444889 

296740963 

25.8263 

8.7373 

618 

381924 

236029032 

24.8596 

8.5178 

668 

446224 

298077632 

25.8457 

8.7416 

619 

383 161 

237176659 

24.8797 

8.5224 

669 

447561 

299418309 

25.8650 

8.7460 

620 

384400 

238328000 

24.8998 

8.5270 

670 

448900 

300763000 

25.8844 

8.7503 

621 

385641 

239483061 

24.9199 

8.5316 

671 

450241 

302111711 

25.9037 

87547 

622 

386884 

240641848 

24.9399 

8.5362 

672 

451584 

303464448 

25.9230 

8.7590 

623 

388129 

241804367 

24.9600 

8.5408 

673 

452929 

30482 I 21 7 

25.9422 

87634 

624 

389376 

242970624 

24.9800 

85453 

674 

454276 

306182024 

25.9615 

8.7677 

625 

390625 

244140625 

25.0000 

85499 

67s 

455625 

307546875 

25.9808 

8.7721 

626 

391876 

245314376 

25.0200 

8.5544 

676 

456976 

308915776 

26.0000 

8.7764 

627 

393129 

246491883 

25.0400 

85590 

677 

458329 

310288733 

26.0192 

8.7807 

628 

394384 

247673152 

25.0599 

8.5635 

678 

459684 

311665752 

26.0384 
26.0576 

87850 

629 

395641 

248858189 

25.6799 

8.5681 

679 

461041 

313046839 

8.7893 

630 

396900 

250047000 

25.0998 

8.5726 

680 

46^400 

314432000 

26.0768 

l:» 

631 

398 161 

25 I 239591 

25.1197 

8.5772 

681 

463761 

31582I24I 

26.0960 

632 

399424 

252435968 
253636137 

25.1396 

8.5817 

682 

4^1  i -4 

317214568 

26.1151 

8.8023 

633 

400689 

25.1595 

8.5862 

683 

+C/hK.-, 

318611987 

26.1343 

8.8066 

634 

401956 

254840104 

25.1794 

8.5907 

f* 

467*^5'' 

320013504 

26.1534 

8.8109 

63s 

403225 

256047875 

25.1992 

85952 

685 

4692; q 

321419125 

26.1725 

8.8152 

636 

404496 

257259456 

25.2190 

8.5997 

686 

470s*:^' 

322828856 

26.1916 

8.8194 

637 

405769 

258474853 

25.2389 

86043 

687 

*.-^"/v 

324242703 

26.2107 

8.8237 

638 

407044 

259694072 

25  2587 

86088 

688 

473344 

325660672 

262298 

8.8280 

639 

408321 

2609I7II9 

25.2784 

86132 

689 

474721 

327082769 

26.2488 

8.8323 

6ao 

409600 

262144000 

25.2982 

86177 

690 

476100 

328509000 

26.2679 

8.8366 

641 

410881 

263374721 

25.3180 

8.6222 

691 

477481 

329939371 

26.2869 

8.8408 

642 

412164 

264609288 

25.3377 

8.6267 

692 

478864 

331373888 

26.3059 

8.8451 

643 

413449 

265847707 

25-3574 

8.6312 

693 

480249 

332812557 

26.3249 

8.8493 

644 

414736 

267089984 

25.3772 

8.6357 

694 

481636 

334255384 

26.3439 

8.8536 

64s 

416025 

268336125 

253969 

8.6401 

69s 

483025 

335702375 

26  3629 

8.8578 

646 

417316 

269586136 

254165 

8.6446 

696 

484416 

337153536 

26.3818 

88621 

647 

418609 

270840023 

25  4362 

86490 

697 

485809 

338608873 

264008 

8.8663 

648 

419904 

272097792 

25.4558 

86535 

698 

487204 

340068392 

264197 

8.8706 

649 

421201 

273359449 

25-4755 

8.6579 

699 

488601 

341532099 

264386 

8.8748 
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TABLE  leS.—ConUnued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  700  to  799. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

700 

490000 

343000000 

26.4575 

8.8790 

750 

562500 

421875000 

27.3861 

9.0856 

701 

4914OI 

344472101 

26.4764 

8.8833 

751 

564001 

423564751 

27.4044 

9.0896 

702 

492804 

345948408 

26.4953 

8.8875 

752 

565504 

425259008 

27.4226 

9.0937 

703 

494209 

347428927 

26.5141 

8.8917 

753 

567009 

426957777 

27.4408 

9.0977 

704 

495616 

348913664 

26.5330 

8.8959 

754 

568516 

428661064 

27.4591 

9.IOI7 

70s 

497025 

35040262s 

26.5518 

8.9001 

755 

570025 

430368875 

27-4773 

9.1057 

706 

498436 

351895816 

26.5707 

8.9043 

756 

571536 

43 208 I 2 16 

27.4955 

9.1098 

707 

499849 

353393243 

26.5895 

8.9085 

757 

573049 

433798093 

27.5136 

9.II38 

708 

501264 

354894912 

26.6083 

8.9127 

758 

574564 

435519512 

27.5318 

9. 1178 

709 

502681 

356400829 

26.6271 

8.9169 

759 

576081 

437245479 

27.5500 

9.1218 

710 

504100 

35791 1000 

26.6458 

8.921 1 

760 

577600 

438976000 

27.5681 

9.1258 

711 

505521 

359425431 

26.6646 

8.9253 

761 

S 791^1 

44071 108 I 

27.5862 

9.1298 

712 

506944 

360944128 

26.6833 

8.929s 

762 

580644 

442450728 

27.6043 

9.1338 

713 

508369 

362467097 

26.7021 

8.9337 

763 

582169 

444194947 

27.6225 

9.1378 

714 

509796 

363994344 

26.7208 

8.9373 

764 

SSjfit^S 

445943744 

27.6405 

9.1418 

7IS 

511225 

365525875 

26.7395 

8.9420 

76s 

585225 

447697125 

27.6586 

9.1458 

716 

512656 

367061696 

26.7582 

8.9462 

766 

586756 

449455096 

27.6767 

9.1498 

717 

514089 

368601813 

26.7769 

8.9503 

767 

s^miBf) 

451217663 

27.6948 

9.1537 

718 

515524 

370146232 

26.795s 

8.9545 

768 

5^9^24 

452984832 

27.7128 

9.1577 

719 

516961 

371694959 

26.8142 

8.9587 

769 

591361 

454756609 

27.7308 

9.1617 

720 

518400 

373248000 

26.8328 

8.9628 

770 

592900 

456533000 

27.7489 

9.1657 

721 

51984I 

374805361 

26.8514 

8.9670 

771 

594441 

458314011 

27.7669 

9.1696 

722 

521284 

376367048 

26.8701 

8.971 1 

772 

595984 

460099648 

27.7849 

9.1736 

723 

522729 

377933067 

26.8887 

8.9752 

773 

597529 

461889917 

27.8029 

9.1775 

724 

524176 

379503424 

26.9072 

8.9794 

774 

599076 

463684824 

27.8209 

9.181^ 

725 

525^5 

38 1078 I 25 

26.9258 

8.9835 

775 

600625 

465484375 

27.8388 

9.1855 

726 

527076 

382657176 

26.9444 

8.9876 

776 

602176 

467288576 

27.8568 

9.1894 

727 

528529 

384240583 

26.9629 

8.9918 

777 

603729 

469097433 

27.8747 

9.1933 

728 

529984 

385828352 

26.9815 

8.9959 

77S 

605284 

470910952 

27.8927 

9.1973 

729 

531441 

387420489 

27.0000 

9.0000 

779 

606841 

472729139 

27.9106 

9.2012 

730 

532900 

389017000 

27.0185 

9.0041 

780 

608400 

474552000 

27.9285 

9.2052 

731 

534361 

390617891 

27.0370 

9.0082 

781 

609961 

476379541 

27.9464 

9.2091 

732 

535824 

392223168 

27.055s 

90123 

782 

611524 

47821 1768 

27.9643 

9.2130 

733 

537289 

393832837 

27.0740 

9.0164 

783 

613089 

480048687 

27.9821 

9.2170 

734 

538756 

395446904 

27.0924 

9.0205 

784 

614656 

481890304 

28.0000 

9.2209 

735 

540225 

397065375 

27.1109 

9.0246 

785 

616225 

483736625 

28.0179 

9.2248 

736 

541696 

398688256 

27.1293 

9.0287 

786 

617796 

485587656 

28.0357 

9.2287 

737 

543169 

400315553 

27.1477 

9.0328 

787 

619369 

487443403 

28.0535 

9.2326 

738 

544644 

401947272 

27.1662 

9.0369 

788 

620944 

489303872 

28.0713 

92365 

739 

546121 

403583419 

27.1846 

9.0410 

789 

622521 

491 169069 

28.0891 

9.2404 

740 

547600 

405224000 

27.2029 

9.0450 

790 

624100 

493039000 

28.1069 

9.2443 

741 

549081 

406869021 

27.2213 

9.0491 

791 

625681 

494913671 

28  1247 

9.2482 

742 

550564 

408518488 

27  2397 

9.0532 

792 

627264 

496793088 

28.1425 
28.1603 

9.2521 

743 

552049 

410172407 

27.2580 

9.0572 

793 

628849 

498677257 

9.2560 

744 

553536 

41 1830784 

27.2764 

9.0613 

794 

630436 

500566184 

28.1780 

9.2599 

745 

555025 

413493625 

27.2947 

9.0654 

795 

632025 

502459875 

28.1957 

9.2638 

746 

556516 

415160936 

27.3130 

9.0694 

796 

633616 

504358336 

i8.2i35 

9.2677 

747 

558009 

416832723 

27.3313 

9.073s 

797 

635209 

506261573 

28.2312 

9.2716 

748 

559504 

418508992 

27.3496 

90775 

798 

636804 

508169592 

28.2489 

9.2754 

749 

561001 

420189749 

27.3679 

9.0816 

799 

638401 

510082399 

28.2666 

9.2793 
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TABLE  165.— Canlinued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  800  to  899. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

800 

640000 

512000000 

28.2843 

9.2832 

850 

722500 

614125000 
61629505 1 

29.1548 

94727 

801 

64 1 601 

513922401 

28.3019 

9.2870 

851 

724201 

29.1719 

9.4764 

802 

643204 

515849608 

28.3196 

9.2909 

852 

725904 

618470208 

29.1890 

94801 

803 

644809 

517781627 

28.3373 

9.2948 

853 

727609 

620650477 

29.2062 

94838 

804 

646416 

519718464 

28.3549 

9.2986 

854 

729316 

622835864 

29.2233 

94875 

648025 

521660125 

28.3725 

9-3025 

855 

731025 

625026375 

29.2404 

94912 

806 

649636 

523606616 

28.3901 

9.3063 

856 

732736 

627222016 

29.2575 

9.4949 

807 

651249 

525557943 

28.4077 

9.3102 

857 

734449 

629422793 

29.2746 

94986 

808 

652864 

527514112 

28.4253 

9.3140 

858 

736164 

63 1 6287 1 2 

29.2916 

9.5023 

809 

654481 

529475129 

28.4429 

93179 

859 

737881 

633839779 

29.3087 

9.5060 

810 

656100 

531441000 

28.4605 

9.3217 

860 

739600 

636056000 

29,3258 

9.5097 

811 

657721 

533411731 

28.4781 

9.3255 

861 

741321 

638277381 

29.3428 

9.5134 

812 

659344 

535387328 

28.4956 

9.3294 

862 

743044 

640503928 

29.3598 

9-5171 

815 

660969 

537367797 

28.5132 

9.3332 

863 

744769 

642735647 

29.3769 

9.5207 

814 

662596 

539353144 

28.5307 

9.3370 

864 

746496 

644972544 

29.3939 

9.5244 

8iS 

664225 

541343375 

28.5482 

9.3408 

865 

748225 

647214625 

294109 

9.5281 

816 

665856 

543338496 

28  5657 

9.3447 

866 

749956 

649461896 

294279 

9.5317 

817 

667489 

545338513 

28.5832 

9.348s 

867 

751689 

651714363 

29.4449 

9.5354 

818 

669124 

547343432 

28.6007 

9.3523 

868 

753424 

653972032 

29.4618 

9.5391 

819 

670761 

549353259 

28.6182 

9.3561 

869 

755161 

656234909 

29,4788 

9.5427 

830 

672400 

551368000 

28.6356 

9-3599 

870 

756900 

658503000 

294958 

9.5464 

821 

674041 

553387661 

28.6531 

9.3637 

871 

758641 

6607763 I I 

29.5127 

9.5501 

822 

675684 

555412248 

28.6705 

9.3675 

872 

760384 

663054848 

29.5296 

9-5537 

823 

677329 

557441767 

28.6880 

9.3713 

873 

762129 

665338617 

29.5466 

9.5574 

824 

678976 

55^476224 

28.7054 

9.3751 

874 

763876 

667627624 

29.5635 

9.5610 

82s 

680625 

561515625 

28  7228 

9.3789 

875 

76562s 

669921875 

29.5804 

9.5647 

826 

682276 

563559976 

28.7402 

9.3827 

876 

767376 

672221376 

29.5973 

9.5683 

827 

683929 

565609283 

28.7576 

9.3865 

877 

769129 

674526133 

29.6142 

9-5719 

828 

685584 

567663552 

28.7750 

9.3902 

878 

770884 

676836152 

29.6311 

9.5756 

829 

687241 

569722789 

28.7924 

9.3940 

879 

772641 

67915 1439 

29.6479 

9.5792 

830 

688900 

571787000 

28.8097 

9-3978 

880 

774400 

681472000 

29.6648 

9.5828 

831 

690561 

573856191 

28.8271 

9.4016 

881 

776161 

683797841 

29.6816 

9.5865 

832 

692224 

575930368 

28.8444 

9-4053 

882 

7779H 

686128968 

29.6985 

9,5901 

833 

693889 

578009537 

28.8617 

9.4091 

883 

779689 

688465387 

29.7153 

9-5937 

834 

695556 

580093704 

28.8791 

9-4129 

884 

781456 

690807104 

29.7321 

9.5973 

83s 

697225 

582182875 

28.8964 

9.4166 

885 

783225 

693154125 

29.7489 

9.6010 

836 

698896 

584277056 
586376253 

28.9137 

9.4204 

886 

784996 

695506456 

29.7658 

9.6046 

837 

700569 

28.9310 

9.4241 

887 

786769 

697864103 

29782s 

9.6082' 

838 

702244 

588480472 

28.9482 

94279 

888 

788544 

700227072 

297993 

9.61 18 

839 

703921 

590589719 

28.9655 

9.4316 

889 

790321 

702595369 

29.8161 

9.6154 

840 

705600 

592704000 

28.9828 

9.4354 

890 

792100 

704969000 

29.8329 

9.619D 

841 

707281 

594823321 

29.0000 

9.4391 

891 

793881 

707347971 

^^ 

9.6226 

842 

708964 

596947688 

29.0172 

9-4429 

892 

795664 

709732288 

9.6262 

843 

710649 

599077107 

29.0345 

9.4466 

893 

797449 

712121957 

29.8831 

9.6298 

844 

712336 

601211584 

29.0517 

9-4503 

894 

799236 

714516984 

29.8998 

9.6334 

84s 

714025 

603351 125 

29.0689 

94541 

895 

801025 

716917375 

29.9166 

9.6370 

846 

715716 

605495736 

29i>86i 

9.4578 

896 

802816 

719323136 

29.9333 

9.6406 

847 

717409 

607645423 

29.1033 

9.4615 

!97 

804609 
806404 

721734273 

29.9500 

9.644a 

848 

719104 

609800192 

29.1204 
29.1376 

9.4652 

898 

724150792 

29.9666 

9.6477 

849 

720801 

61 1960049 

94690 

899 

808201 

726572699 

29.9833 

9.6513 
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TABLE  165.— Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  900  to  999. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

900 

810000 

729000000 

30.0000 

9.6549 

950 

902500 

857375000 

.30.8221 

9.8305 

901 

811801 

731432701 

30.0167 

9.6585 

951 

904401 

860085351 

30.8383 

9.8339 

902 

813604 

733870808 

30.0333 

9.6620 

952 

906304 

862801408 

30.8545 

9.8374 

903 

815409 

736314327 

30.0500 

9.6656 

953 

908209 

865523177 

30.8707 

9.8408 

904 

817216 

738763264 

30.0666 

9.6692 

954 

910116 

868250664 

30.8869 

9.8443 

90s 

819025 

74121762s 

30.0832 

9.6727 

955 

912025 

87098387s 

30.9031 

98477 

906 

820836 

743677416 

30.0998 

9.6763 

956 

913936 

873722816 

30.9192 

9.85 1 1 

907 

822649 

746142643 

30.1164 

9.6799 

957 

915849 

876467493 

30.9354 

9.8546 

908 

824464 

7486133 12 

30.1330 

9.6834 

958 

917764 

879217912 

30.9516 

9.8580 

909 

826281 

751089429 

30.1496 

9.6870 

959 

919681 

881974079 

30.9677 

9.8614 

910 

828100 

753571000 

30.1662 

9.6905 

960 

921600 

884736000 

30.9839 

9.8648 

911 

829921 

756058031 

30.1828 

9.6941 

961 

923521 

887503681 

31.0000 

9.8683 

912 

831744 
833569 

758550528 

30.1993 

9.6976 

962 

925444 
927369 

890277128 

31.0161 

9.8717 

913 

761048497 

30.2159 

9.7012 

963 

893056347 

31.0322 

9.8751 

914 

835396 

763551944 

30.2324 

9.7047 

964 

929296 

895841344 

31.0483 

9.8785 

9IS 

83722s 

76606087s 

30.2490 

9.7082 

965 

931225 

898632125 

31.0644 

9.8819 

916 

839056 

768575296 

30.265s 

9.7118 

966 

933156 

901428696 

31.0805 

9.8854 

917 

840889 

771095213 

30.2820 

9.7153 

967 

935089 

904231063 

31.0966 

9.8888 

918 

842724 

773620632 

30.2985 

9.7188 

968 

937024 

907039232 

3I.II27 

9.8922 

919 

844561 

776151559 

30.3150 

9.7224 

969 

938961 

909853209 

31.1288 

9.8956 

920 

846400 

778688000 

30.3315 

9.7259 

970 

940900 

912673000 

31.1448 

9.8990 

921 

848241 

781 229961 

30.3480 

9.7294 

971 

942841 

915498611 

31.1609 

9.9024 

922 

850084 

783777448 
786330467 

30.3645 

9.7329 

972 

944784 

918330048 

31.1769 

9.9058 

923 

851929 

30.3809 

9.7364 

973 

946729 

92I167317 

31.1929 

9.9092 

924 

853776 

788889024 

30.3974 

9.7400 

974 

948676 

924010424 

31.2090 

9.9126 

925 

855625 

791453 125 

30.4138 

9-7435 

975 

950625 

92685937s 

31.2250 

9.9160 

926 

857476 

794022776 

30.4302 

9.7470 

976 

952576 

929714176 

31.2410 

9.9194 

927 

859329 

796597983 

30.4467 

9.750s 

977 

954529 

932574833 

31.2570 

9.9227 

928 

861 184 

799178752 

30.4631 

9.7540 

978 

956484 

935441352 

31.2730 

9.9261 

929 

863041 

801765089 

30.4795 

9.7575 

979 

958441 

938313739 

31.2890 

9.9295 

930 

864900 

804357000 

30.4959 

9.7610 

980 

960400 

941 192000 

31.3050 

9.9329 

931 

866761 

806954491 

30.5123 

9.7645 

981 

962361 

944076141 

31.3209 

9.9363 

932 

868624 

809557568 

30.5287 

9.7680 

982 

964324 

946966168 

31.3369 

9.9396 

933 

:   -■? 

812166237 

30.5450 

9.771s 

983 

966289 

949862087 

31.3528 

9.9430 

934 

8723S6 

814780504 

30.5614 

9.7750 

984 

968256 

952763904 

31.3688 

9.9464 

93S 

S74325 

817400375 

30.5778 

9.778s 

985 

970225 

955671625 

31.3847 

9-9497 

936 

87*5096 

820025856 

30.5941 

9.7819 

986 

972196 

958585256 

31.4006 

9.9531 

937 

877969 

822656953 

30.6105 

9.7854 

987 

974169 

961504803 

31.4166 

9-9565 

938 

879544 

825293672 

30.6268 

9.7889 

988 

976144 

964430272 

31.4325 

9.9598 

939 

881721 

827936019 

30.6431 

9.7924 

989 

97812I 

967361669 

31.4484 

9.9632 

940 

883600 

830584000 

30.6594 

9.7959 

990 

980100 

970299000 

31.4643 

9.9666 

941 

8854^1 

833237621 

30.6757 

9.7993 

991 

982081 

973242271 

31.4802 

9.9699 

942 

887364 

835896888 

30.6920 

9.8028 

992 

984064 

976191488 
979146657 

31.4960 

9.9733 

943 

889249 

838561807 

30,7083 

9.8063 

993 

986049 

3I.5119 

9.9766 

944 

891 136 

841232384 

30.7246 

9.8097 

994 

988036 

982107784 

31.5278 

9.9800 

945 

893025 

843908625 

30.7409 

9.8132 

995 

990025 

98507487s 

31.5436 

9.9833 

946 

894916 

846590536 

30.7571 

9.8167 

996 

992016 

988047936 

31.559s 

9.9866 

947 

896809 

849278123 

30.7734 

9.8201 

997 

994009 

991026973 

31.5753 

9.9900 

948 

898704 

85I971392 

30.7896 

9.8236 

998 

996004 

99401 1992 

31.5911 

9.9933 

949 

900601 

854670349 

30.8058 

9.8270 

999 

998001 

997002999 

31.6070 

9.9967 

67 
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"A"  Derrick 468.  472 

Abutments,  Bridge,  245,  250,  252,  253,  254, 

255.  256,  267 

Aggregate  lor  concrete 241,  272 

Algebraic  moments 561,  562,  563 

Algebraic  resolution 552,  558,  559,  560 

Alloy  steels 487,  495,  519 

Alternate  stresses 57,  141 ,  206,  209 

Allowable  pressures  on  foundations,  236,  249, 

250.  386 
Allowable  pressures  on  masonry,  56,  75,  236, 

249.  379 
Allowable  stresses,  56,  57,  80,  105,  141,  209, 
362,  379»  382 
"  "       in  bearing    plates,    56,    75, 

236,  379 

"  "        "  cast  iron 65,  104 

"  "        "  concrete 520,  521 

"  highway  bridges,  117,  141 
"  »^     -    -  rope,   342,  443, 
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444 

'*  ma!mla  rope 443 

"  mill  buildmgs 8,    57 

*'  office  buildings. .  .79,  105 
"  railway  bridges,  173,  205, 
209 

"        "  rivets 370 

"        "  stand-pipes 387,  382 

"        "  steel 495 

"        '*  steel  reinforcement. .  521 

steel  tanks 379 

"  timber,  58,  138,  204,  208, 
298 
wire  rope. .  .342,  443,  444 
wrought-iron,  65, 104,  495 

Allowance  .or  draw 223 

Aluminum 519 

Aluminum  bronze 520 

Anchors 62,  94,  95,  144,  212 

Anchors,  Wall 105 

Anchor  bolts 105,  147,  381,  484 

Anchorage 144,  381,  484 

Angle  of  friction,  236,  300,  301,  302,  311,  312 
Angle  of  repose,  236,  300,  301,  302,  311,  312, 

321 
Angle  connections,  65,  145,  404,  407,  408,  413, 
.      430, 574 

Angle  connections.  Cost  of 430 

Angle,  Detail  of 409 

Angle  strut 409,  575,  576 

Angles 410,  416,  417,  418,  427 

Angles  fastened  by  both  legs 141,  207 


Angles,  Minimum  .  .60,  ^42,  143,  206,  211,  223 

Angles,  Overrun  of 221,  41 1 

Angles,  Starred 578 

Angles  in  tension 573 

Annealing 63,  146,  214,  217,  480 

Anthracite  coal  bin 300,  301,  302,  304 

Anthracite  coal,  Weight  of 311 

Anti-condensation  lining,  28,  29,  31,  52,  53,  59, 
*     .439 

Anti-condensation  lining,  Cost  of 439 

Arbitration  bar 489,  490 

Arch 266 

Arch,  Masonry 271 

Arch,  Roof 13,    14 

Arris 267 

Ash  bin 300,  301,  302,  306 

Ashes,  Weight  of 69,  300,  311 

Ashlar 267 

Ashlar  masonry 270 

Ashlar  stone 269 

Asbestos 28,  29,  52,  53,  59,  439 

Asbestos,  Cost  of 439 

Asbestos  covered  steel  sheets 28 

Asphalt. 178,  181,  182,  516 

Asphalt  paint 516 

Auger 461 

Average  cost  of  steel 433 

Backing 267,  270,  271 

Backing-out  punch 452,  462 

Ballasted  floor 178,  194 

Ballasted  floor  trestle 284 

Ballast,  Weight  of 204,  208 

Baltimore  bridge  truss 109,  560,  566 

Bars 62,  416,  426 

Bars,  Lacing 414,  598 

Minimum 60,  142,  207 

Shop  cost  of 431 

Bases,  Cast-iron  column 92»  93t  94t  104 

Bases,  Column ' 104 

Base  plates 62 

Batten  plates 61,  143,  211 

Batter 249,  267,  277 

Batter  of  columns 380 

Batter  pile 279 

Bay 3 

Beam  bridges,  108,  no,  117, 118, 119, 120,  121, 
149 

Beam  bridges.  Weight  of 113 

Beams 404,  407,  408,  416,  418 

Deflection  of 533 

Details  of 82,  407,  408 


883 


884 


INDEX. 


Beams,  Flexure  in 533 

Reinforced  concrets 546 

Rolled 58,  104,  142 

Separators  for 83 

Shop  cost  of 430 

Shear  in 533,  542 

Stresses  in,  529,  536,  537,  538,  539,  540,  541, 

„      543.  544.  545 

Beanng  pile 279 

Bearing  plate 75,  379.  5^6 

Bearing  power  of  piles 75,  477 

Becket 448,  480 

Bed 267 

Bed  plates 66,  144,  146,  217,  484 

Bench  wall 267 

Bending  moment 160,  529 

Bending  moment  tables 166,  167 

Bending  moments  in  railway  bridges,  163,  164, 
165,  166,  167,  171,  172 

Bending  stresses  in  wire  rope 344 

Bent 277 

Bent,  Transverse 12,  556 

Bessemar  pig  iron 487 

Bessemer  steel 487,  494,  497,  507 

Bethlehem  H-columns 405 

Bevels; 4H 

Beveled  washer 571 

Bill  of  castings  for  Howe  truss 289 

material 389,  425 

rivets 400 

timber 288,  473 

Billet-steel  reinforcement 507 

"Bite"  of  a  line 481 

Bin  gates 362 

Bins 299,  319,  362 

Bins,  Grain 319 

Bins,  Cost  of 429,  433,  434,  436 

Bins,  Cost  of  erection  of 436 

Blister  steel 487,  493 

Blocks  for  Manila  rope 446,  448,  450 

Blocks  for  wire  rope 447,  449 

Boiler  steel 431,  505 

Bolsters 144,  212 

Bolts,  65,  95,  143,  145,  211,  216,  287,  297,  458 
Boits,  Anchor,  see  "Anchor  bolts*' 

Bolts,  Falsework 458 

Bolts,  Turned 65,  145 

Bond 267,  270,  521,  526,  547 

Bond  in  concrete. .  i 521,  526,  547 

Boom 468,  469,  470,  471 

Brace,  Shop  details  of 394 

Bracing,  4,  9,  18,  55,  62,  97,  98,  100,  105,  137, 
212,223,361,381 

Lateral 62,  137 

Transverse 9,  18,  62,  137,  223,  361 

Weight  of 4 

Wind 55>  62,  98,  100,  loi,  102 

Bracket 97 

Brass 520 

Brass,  Weight  of 69 

Break-water ^ 249 

Brick 428 

Brick  floor 8,    34 

Brick,  Weight  of 69,  237 


Bridge  abutments,  245,  250,  252,  253,  254,  255 

clearances 137,  200 

erection 395,  429,  441,  485 

floors, ii2h,  178,  179,  180,  181,  182 

piers 245,  255,  257.  258.  259,  260 

Signal 157 

span.  Length  of 137 

specifications 137,  185,  208 

shop  cost  of 434 

trusses 107,  137,  149,  401 

trusses.  Stresses  in 558,  569 

Steel  for 499 

Timber 277,  285 

Types  of 137,  207 

Waterway  for 250 

Weight  of 112,  i$o»'i5i,  I57 

Bronze 520 

Build 267 

Building  columns 19,  20,  21,  84,  93 

Floor  plan  for 81 

Founciations  for 94 

Height  of 55 

materials 69 

paper 28 

Buildings,  Specification  for 55.  103,  497 

Steel  office 69 

Waterproofing 76 

Weight  of  tall  steel 70 

Buckle  plates 132,  138,  315,  359,  360 

Bulb  angles 418 

Built-up  tension  members 574 

Bulkhead 277,  297 

Bull  wheel 469 

Bunkers,  Suspension 309,  315,  316 

Burlap 178  179,  180,  181,  182,  243 

Caisson 94 

Cages 346,  362 

Cain's  formulas  for  retaining  walls 230 

Calculation  of  stresses  in  tall  buildings. ...     76 
Calculation  of  stresses  in  highway  bridges,  117, 

558 
Calculation  of  stresses  in  railway  bridges. .  164 

Camber 14,  144,  206,  207,  212,  213 

Camel  back  truss 109,  558,  567 

Cant  hook 458 

.  Cantilever  bridge no 

Cantilever  beam 536 

Cap 277,  279,  296 

Capacity  of  coal  tipples 355.  35^ 

Car  puller • 337 

Car,  Push 459 

Carbon 488,  494,  514 

Carbon  steel 149,  152,  173 

Card  of  mill  extras 430,  431 

Carrying  hook 458 

Cast  iron 65,  104,  215,  297,  384,  487,  488 

column  bases 92,  93,  94 

details 286,  287 

separators 83 

Weight  of 69 

Castings,  Steel. 63,  66,  510 

Caulking 380,  386,  387 

plates 380 
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Caulking,  tool 462 

Cement  paint 516 

Cement,  Specifications  for 522 

Center  of  gravity 535 

Centering 267 

Centrifugal  force 140,  205,  209 

Centroid 535 

Chains 451 

Annealing 480 

Cost  of 440 

Channels 417,  418,  427 

Channels,  Separators  for 83 

Chords,  Upper 61 

Chords  for  railway  bridge 175,  176 

Chords,  Shop  cost  of 434 

Chrome  steel 495 

Chromium-nickel  steel 495 

Circular  ends 221 

girder 367 

steel  bin 313,  317,  326,  333 

ventilator 29,  59,  423,  427 

Clamp 267 

Classification  of  bars 431 

material 426 

Claw  bar 453 

Clearance  diagram 200 

for  members 401 

standards 412,  413 

of  riveted  members 219,  412,  413 

Clerestory 3 

Clevis 571.  572 

Clinch  rivets I9i  23 

Closing  rivets 52 

Coal  bin 300,  301,  302,  303,  304,  318 

breakers. 361 

bunkers 315,  316 

Friction  of 312 

tar  paint 516 

tipples 339.  352.  361,  363,  43^ 

tipples.  Cost  of 436 

tipples.  Shaking  equipment  for.  353,  357,  358 

washers 361 

Weight  of 311 

Coefficient  of  friction 236,  321 

Coke  bins 312 

Coke,  Weight  of 311 

Cold  cutter 452 

Cold  twisted  bars 508 

Columns,  15,  61,  85,  93,  104,  176,  403,  404, 
405.  406,  426,  526,  547.  579.  590 

Column  bases 92,  93,  94,  104 

Column  bases,  Pressure  on 56 

Column,  l>etails  of,  86,  87,  88,  89,  90,  91,  374 

Column  formulas 79i  80,  533 

Column,  Length  of 79,  80,  81 

Column,  Loads  on 74,  104 

Column  schedule 85,  94,  402,  404 

Column  splices 90,  91 

Columns,  Mill  building 19,  20,  21,  54 

Columns,  Office  building 84,  98,  102 

Columns,  Shop  cost  of 433 

Columns,  Stresses  in 368,  521 

Columns,  Timber .58,  298 

Columns,  Weight  of 4 


Combination  highway  bridge 295,  435 

Combined  stresses.  .57,  141,  209,  531,  534,  587 

Compressive  stress 57,  527,  531 

Compression  members 61,  141,  143 

Compression  flanges 142 

Compression  formulas 79 

Concrete 56,  266,  428 

Abutment 245 

Aggregage 241 

Details  of  constmction  of 275 

floor  •  •• 8.  32,  33.  54.  132.  I79.  180 

m  foundations 386 

Ingredients  in 237 

Mixing 240 

Proportions  of 273 

retaining  walls ; .  .234,  238,  239,  241 

Specifications  for 272 

Strength  of 520 

Weight  of 69,  204,  208,  237,  381 

Connection  ang.es,  65,  145,  404,  407,  408,  413, 

^      574. 595 

Conductors 423,  427 

Connections 60 

Connections,  Clearance  for 412,  413 

Connections,  Field 216 

Floorbeam 183,  184,  185 

Strength  of 142 

Shop  cost  of 430 

Connecting  bar 453,  461 

Conductors 26,  59 

Contents  of  abutments 254,  255 

Contents  of  piers 258,  259 

Contents  of  retaining  walls 240 

Continuous  beams 543,  544,  545 

Continuous  sash 42 

Conventional  signs  for  materials 399 

Conventional  signs  for  rivets 398 

Conveyors. 334,  335 

Coopers  Conventional  loading,  151,  159,  162, 
163,  164,  165,  166,  167,  168,  172 

Cooper's  abutments 254 

Cooper's  piers 255,  261 

Cooper  hitch 571 

Cop3 407 

Cope  chisel 453 

Coping 267,  270 

Coulomb's  theory 225,  227 

Copper 519 

rivets 23,  52 

steel 495 

Weight  of 69 

Corner  finish 59 

Cornice 26,  52,  59 

Corrosion  of  iron  or  steel 513 

Corrugated  steel,  15,  52,  56,  59.  320,  423.  427r 
456 

plans 51 

roofing 27,  28,  51,  586 

Cost  of 429,  439 

Details  of 22,  23,  24 

door 44 

fastenings 19 

Minimum  thickness  of 8 

Safe  loads  for 22 
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Corrugated  steel,  shear 456,  460 

tools 456 

Weight  of 4,  25 

Corrugated  iron  floor 34 

Cost  of  drafting 429 

erection 347, 436,  437,  438 

erection  of  tubular  piers 437 

erection  of  steel  head  frame 347 

floors 439 

laying  corrugated  steel 439 

material 428,  440 

mill  extras 430 

painting 430,  433,  438 

roofing 439 

riveting 436,  437,  438 

tar  and  gravel  roofing 32,  439 

tile  roofing 31 

steel  grain  elevators 337 

structural  steel 425,  428,  429 

Counters 142,  206,  210 

Counterbalanced  windows 39 

Counterfort  retaining  wall 239 

Couple 527 

Course 267 

Coursed 267 

Cover  plates 220 

Crab 442,  443 

Cramps 267 

Crane  girders 54,  426,  542 

Crane  posts 61 

Cross  frame 224 

Cross-eyed  fuller 462 

Cross-grain 278 

Crow  bar 453 

Culvert 266,  271,  435 

Culverts,  Shop  cost  of 435 

Culverts,  Waterway  for 250 

Cuppers 453 

Cutting  to  exact  length 430 

Cut-water 249 

Curb 138 

Cylinder  piers 255,  260,  261,  265 

Cylinder  piers.  Shop  cost  of 435 

Dead  loads,  55,  116,  139,  202,  204,  207,  208, 
361 

Dead  loads  of  ofiice  buildings 70 

Dead  load  stresses 553,  556 

Dead  man 470 

Deck  beams. 418 

Deck  plate  girders 400 

Deck  truss.  Stresses  in 566 

Deep  bins 311,  319,  325 

Deflection  of  beams,  530,  533,  536,  537,  538, 

539.  54<'.  541.543,  544.  545 

Deformation 527,  532 

Deformed  bars 508,  509 

Delta  metal 520 

Depth  of  bridge  trusses 125 

Depth  of  plate  girders 210 

Depth  of  trusses 210 

Derrick  car 470,  480,  481 

Derrick  crab 442 

Derricks 480 
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Design  of  bearing  plates 586 

bins 313,  326 

columns 579 

end-post 587 

floorbeam 590 

I-beam 580 

lacing  bars 598 

pins 584 

plate  girders 581 

railway  bridges 219 

retaining  walls 231,  232,  234 

rollers 579 

steel  details 571 

stand-pipes 381 

Design  drawmgs 421 

Design  for  flexural  stress 579 

Detail  notes 410 

Details  of  angle  struts 409^ 

beams 82,  333,  407,  408 

framework 85 

bridges 1 19,  120,  175 

columns,  19,  20,  21,  86,  87,  88,  89,  90,  91 

Cost  of 429 

end-post 396 

head  frames 347,  348,  349,  350 

office  buildings 103 

roof  trusses,  16,  17,  18,  390,  391,  392,  393 

stand-pipes 369,  371,  379 

tanks 369 

top  chord 397 

wall  construction 96 

wind  bracing 98 

Diagonal  stresses 531 

Diagonal  tension 531 

Diamond  point 453 

Dimension  stone 267 

Disc  pile 279 

Dolly 454,  455,  456,  461 

Door 43.  54^  60,  329,  422,  428,  440 

Door  track 48 

Dote 279 

Dowel 268,  277 

Draft 268 

Drafting,  Cost  of 429 

Drafting,  Structural 389 

Drainage  table 251 

Drainage  for  highway  bridge  floors 138 

Draw,  Allowance  for 223 

Draw  spans 157 

Dressing  stone 269 

Drift  bolt 277,  282,  283,  284,  297 

Drift  pin :  .386,  452,  462 

Drifting » 484 

Duchemin*s  formula 5 

Dumping  devices 363 

Dun's  drainage  table. 251 

Dry  masonry 271 

Earth,  Weight  of 69,  237 

Eave  strut 9,  23,  49,  50 

Eave  strut,  Shop  cost  of 433 

Eccentricity 222 

Eccentric  loads 142,  534 

Eccentric  riveted  connections 595 


INDEX. 


887 


PAGE 

Economic  design 135,  174 

Edges,  Planed 66,  145 

Edge  distances  of  rivets 60,  143,  210 

Edge  plates 415,  420,  421,  422 

Efficiency  of  tackle 447,  451 

Elasticity 527 

Elastic  limit 496,  528 

Electric  railway  bridges 1120,  139 

Electric  light  pole 136 

Elevators  for  grain  bins 334 

Elevated  tanks 365,  379 

Ellipse  of  stress 531 

Elongation  of  steel. 62,  63,  496 

Elongation  of  wrought  iron 491,  492,  496 

Engine  service 483 

Engineering  materials 487 

End  bracing 212 

End  connections  for  I-beams 595 

End  connections  for  top  chord 593 

End-post,  Bending  in 222 

Design  of 587 

Details  of 196,  396 

End  shears 163,  164,  165 

Equivalent  uniform  loads I5it  I59 

Erection  diagram 389,  395 

plan  for  mill  buildings 408 

plan 400 

Erection  of  armory 479 

bridges 147,  437.  438,  441,  483 

corrugated  steel 439 

head  frames 363 

plate  girders 441 

stand-pipes 386 

steel 67,  100,  411,  441 

steel  frame  buildings 436 

tubular  piers 437 

Erection,  Specifications  for 483 

Instructions  for 479 

Inspection  of  bridge 485 

Erection  tools 443,  448  to  467 

Estimates 348,  425 

Examples  of  abutments,  250,  252,  253,  254, 
255.  256 

bms 317 

coal  tipples 352 

head  frames 346 

grain  elevators 328 

highway  bridges,  127,  128,  129,  130,  131 

office  buildings loi 

plate  girders 184,  189,  190 

railway  bridges,  185,  191,  192,  193,  194, 
196,  197,  108,  199 

retaining  walls 237 

steel  mill  buildings,  48, 49, 50, 51, 52, 53,  54 
Expansion,  104,  133,  144,  206,  211,  212,  423, 

434 

Expansion  joints 243,  268,  382 

Expansion  rollers 579 

Experiments  on  grain  pressure *.  325 

Extrados 268 

Eye-bars,  62,  66,  144,  145,  207,  213,  216,  217, 

222,  571,  573 

Eye-bars,  Shop  cost  of 434 

Stresses  in 586 
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Eye-bars,  Tests 147,  218,  505 

Weight  of 573 

Eye-bar  hook 457 

Fabrication  of  steel,  Inspection 518 

Face 268 

Facing 268 

Factor  of  safety 527 

Factory  ribbed  glass 8,  41 

Fall  line  ball 448 

Fall  lines 468,  469,  470,  471 

Falsework 473,  476,  483 

Cost  of  erection  of 437 

Falsework  piles 281 

Falsework  plans 389 

Falsework  bolts 458 

Fastening  angles 141,  207 

Fence 135,  136 

Fence,  Shop  cost  of 434 

Felloe  guard 134,  135,  136 

Felt  and  asphalt 4 

Field  bolts 58,  143 

Field  connections 66,  67,  145,  216,  484 

I>aint 516 

rivets 5^1  66,  146,  217,  400,  467 

rivets.  Number  of 437,  438 

riveting 106 

Filler  plates 65,  144,  145,  211,  216 

Filler  rings 143 

Final  set 268 

Fink  trusses 9,  10 

Firebox  steel 431 

Fireproofing 69 

Fireproof  construction 69 

Fish  plate 277 

Fixed  beam 540 

bearings 144 

sash 4if  42 

Flange  plates 60,  142 

rivets 142,  210,  221 

splices 220,  584 

steel 431 

Flashing,  Stack 29 

Flashing 52,  59,  427 

Flat  plates 313,  535 

Flemish  bond 267 

Flexure 529 

in  beams 533 

Flexure,  Members  in 579 

Flexure  and  direct  stress 534 

Floors. 33,  34,  329,  439 

Cost  of 439 

Highway  bridge ii2h 

Live  loads  for 71,    73 

Plank ii2k 

for  railway  bridges 176,  194,  204,  208 

Shop 8 

Specifications  for 32 

Timber 35 

Waterproofing  bridge,   133,   178,   179,   180, 
181,  182 

Floor  panels '. 99 

Floor  plans 81,  85,  99,  402,  403 

Flooring,  steel  plate 34 
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Floorbeam  connection 590 

Floorbeam  reactions 163,  164,  165 

Floorbeam,  Design  of 590 

Floorbeams 82,  113,  212,  216,  222 

Floorbeams  for  highway  bridge 113,  138 

Floorbeams  for  railway  bridges  . .  183,  184,  185 

Floorbeams,  Shop  cost  of 434 

Weight  of Ill 

Flush 268 

Footing 268 

Footwalks 137 

Forces 5^7 

Forked  ends 211 

Forms 237,  241,  243,  268,  274 

Foundations,  53,  54»  56,  75.  95»  100.  I04»  268, 

334.  372,  386 
Foundations,  Pressure  on,  232,  234,  236,  247, 

248,  249,  250 

Foundation  plan 389 

Frame  trestle 277,  288 

Framework  of  steel  frame  buildings,  9,  49,  53 

Framework  of  office  buildings. 85 

Freezing  weather.  Placing  concrete  in,  240,  243, 

274 

Freight 433 

Freight  rates 438 

Friction,  Coefficient  of 236 

Friction  on  bin  walls 312 

Friction  of  wheat 321 

Frost-proofing 373.  381 

Fuller 462 

Fuller's  rule 240 

Gallows  frame 472 

Gantry  traveler 472,  474,  475 

Garners. 337 

Gaspipe,  Cost  of 440 

Gates,  Bm 362 

Gin  pole 468,  470,  480 

Girders,  Beam 404,  407,  408 

Circular 367 

Crane 54 

Plate 57.58 

Riveted 400,  403 

Girder  hook 457.  4^1 

Girts 3.  9.   14.  50.  56,  62,  277,  297 

Spacing  of 59 

Weight  of 4 

Glass 8,  36,  37,  38,  60 

Glass  roof  tile 31 

Glass,  Weight  of 69 

Glazing 41 

Grain  elevator 319,  337.  433.  434 

Grain  bins 319,  325 

Grain  shovel 337 

Goose  neck 471,  480 

Gordon's  formula 80 

Graphic  moments 561 

Graphic  resolution 552,  558,  559 

Graphite  paint 67 

Grillage 94 

Grout 268 

Guard  rail 177,  277,  281,  284,  287,  297 

Guard  timbers 139,  277,  281 
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Gusset  plate 219 

Gutters. 23,  26,  59,  423,  427 

Guy  derrick 468,  469,  472 

Hacked  bolt 95 

Handle  gouge 452,  462 

Hammer 279 

Hand  holes 222 

Hand  gouge 452 

Handrailing 137 

Head  frames 339,  346,  436 

Head  sheaves 363 

Head  works  for  mines 339 

Heart  wood. : 278 

Heating  shop  buildings 8 

Highway  bridges 107 

Highway  bridge  abutments 256 

Highway  bridges,  Allowable  stresses  in,  115,  141 

Classes  of 137 

Combination 295 

Examples  of.  .  122,  127,  128,  129,  130,  131 

Erection  of 147 

Shop  cost  of. 435 

Field  rivets  in 437 

Floors  for Ii2h,  132,  138 

Floorbeams  for 138 

Headroom  for 137 

Impact  for 1 12c,  141 

.    Joists  and  stringers  for 138 

Loads  for i  I2d,  I  I2g 

Painting 146,  147 

Piers  for 261 

Plate  girder 122 

Railing  for 137 

Sidewalks  for 137 

Rollers  for 133.  135 

Spacing  of  trusses  for 137 

Specifications  for 137 

Stresses  in "5.  557 

Timber 292 

Types  of 107,  no,  137 

Weight  of Ill 

Header 268,  270 

Hoist 443 

Hoisting 339 

Hoisting  blocks 446,  447,  448,  449,  450 

Hoisting  engine 442,  443 

Hoisting  rope 341,  350,  360,  443,  444,  480 

Hooks,  Stresses  in 533 

Hopper  bins 312,  316,  317,  318 

Hot  twisted  bars 509 

Howe  truss 10,  109,  286,  287,  290,  291 

Howe  truss.  Cost  of  metal  in 436 

Hub  guard 134,  135,  136 

Hutton's  formula  for  wind  pressure 5 

Hyperbolic  logarithms 322 

I-Beams 427,  580 

Impact 161,  204,  205,  208,  528,  529 

Impact  on  office  buildings 72,  103 

Impact  formulas 161 

Impact  on  highway  bridges 117,  141 

Impact  on  railway  bridges. .  161,  204,  205,  208 
Impact  on  timber 298 
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Impact  tests 162 

Indirect  splices 144,  211 

Initial  set 268 

Initial  stress 62,  207,  381 

Inspection  of  steel  at  mill 215 

bridge  erection 485 

bridge  material 217 

steel 67,  105,  146,  517,  518 

Instructions  for  erection  of  structural  steel,  479 

estimating 426 

inspection  of  steel 517 

Intermediate  sill 277 

Intrados 268 

Invoices 218 

Iron,  Corrosion  of 513 

Iron  oxide 514 

Iron  details  for  Howe  truss,  286,  287,  289,  291 

^  ack  stringers 277,  297 

Jacks 459 

anssen's  solution  for  stresses  in  bins 319 

oints 66,  268 

oints  in  concrete 275 

oists  for  highway  bridges 138 

Ketchum*s  modified  saw  tooth  roof,  9, 1 1, 44, 48 

Key  wrench 455 

Knee  brace 97 

Knot 278 

Knots  in  manila  rope 444,  445 

Lacing  bars,  61,  65,  143, 145,  211, 216, 414,  598 

Lacing  bars,  Design  of. 598 

Ladder 373,  374.  376.  377.  378,  381,  383 

Lagging 268 

Laitance 275 

Lampblack 514 

Landing  stage * .* 363 

Laps  of  corrugated  steel 59 

Lateral  bracing 62,  149,  223 

connections 372,  373,  374 

plate 571 

pressure 321 

Laterals 137 

Lattice  bars,  see  "Lacing  bars" 

Lead 519 

Lead,  Red 514 

Lead,  Weight  of 69 

Leads 279 

Leg  bridge 108 

Lengths  of  angles 417,  418 

channels 418 

I-Beams 418,  430,  431,  432 

plates 418,  419,  420,  421,  422 

Length  of  columns 79,    80 

compression  members,  61,  141,  209,  363, 

379 

,       span.. 55 

Lettering  shop  drawmgs 398 

Lewis 268 

Lifting  capacity  of  tackle 449,  450 

List  of  drawings 389 

erection  tools 463,  464,  465,  466,  467 

rivets 389 

58 
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Linseed  oil 514 

Live  loads 70,  139 

Live  loads  on  columns 74,  104 

floors 73 

highways  bridges 116 

omce-buildings 7if  72,  103 

railway  bridges 202,  205,  208 

Live  load  stresses 563 

Loads 5S»  70.  73.  361 

Minimum 7.  56,  74,  104 

Snow 4,    72 

Wind 5,    72 

Loads  on  bin  walls 324 

columns 74,  104 

foundations 56,  75,  104,  236,  249 

highway  bridges Ii2d,  Ii2g,  139,  140 

masonry 56 

office  buildings 70,  103 

piles. 57.  477 

railway  bridges 151,  209 

roofs 74 

stand-pipes 382,  387 

timber  floors 35 

Lock 268 

Locks 270 

Logarithms,  Hyperbolic 322 

Locomotives,  Heaviest 154 

Locomotives,  Weight  of 154,  205 

Long  rivets 143,  211 

Longitudinal  braces 296 

forces 141 

strut 277 

X-brace 277 

Loop  bars 571,  572 

Louvres,  3,  12,  24,  43,  44,  52,  59,  423,  427 

Machinery  loads 362 

Manhole 378 

Malleable  castings 487,  488 

Manila  rope 440,  443,  480 

Manganese 488,  494 

Manganese  Bronze 520 

Manufacture  of  cast-iron 488 

steel 493 

wrought-iron 489 

Marking  diagram 395 

Maul 452,  462 

Masonry 56,  520 

abutments,  245,  246,  250,  252,  253,  254,  255, 
256 

Classification  of 266 

Dressing  of 266,  267 

piers 261 

?lan 389 
ressure  on,  56,  75.  I04.  141 .  209,  236,  542 

retaining  walls 234,  238 

Specifications  for 269 

Weight  of 96 

Mast 468,  469,  471 

Mastic,  Asphalt 181,  182 

Material,  Classification  of 426 

Conventional  signs  for 399 

Engineering 487 

Estimating 426 
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Material,  Ordering 415,  416,  417 

Weight  of 69,  237 

Maximum  bending  moments  in  beam,  160,  542 
Maximum  bending  moments  in  bridges,  163, 

164,  165 
Maximum  length  of  member,  61,  141,  209,  363, 

^.379 

diameter  of  nvet 143 

stresses 160,  558 

Merchandise,  Weight  of 73 

Metal,  Minimum  thickness  of 142,  210 

Mill  building  columns 15,  19,  20,  21 

Mill  buildings,  Cost  of  details  of 429 

Cost  of 433 

Design  drawings  for 421 

Erection  plans  for 408 

Erection  of 441 

Estimates  for 425 

Walls  for 7 

Mill  extras.  Cost  of 430,  431 

Mill  inspection  of  steel 146 

Mill  orders 67 

Milling  plates 432 

Minimum  angles 8,  60,  143,  206,  211,  223 

bar 207 

loads 56,  74,  104 

thickness  of  corrugated  steel 8 

thickness  of  metal,  8,  105,  142,  210,  363,  380, 

382.  387 

sections 60 

Mine  buildings 8,  436 

Misfits 484 

Mixing  concrete 240,  242,  274 

Modulus  of  elasticity 528 

Moments  in  continuous  beams 544 

Moments  of  forces 527 

Moments  in  railway  bridges,   163,   164,   165, 

171,  172.  174 
Moment  of  inertia,  530,  535,  548,  549,  550,  551 

Moment  splices 220 

Moment  table 167 

Monitor  ventilator 3f  41*  43>  59 

Mortar 268,  269 

Muntin 381  39.  40.  4i.  4^,  43 

Nails,  Cost  of 440 

Naperian  logarithms 322 

Natural  bed 268 

Natural  cement 522 

Net  sections 60,  61,  141,  206,  210,  220 

Neutral  axis 529 

Neutral  surface 529 

Newel  posts 135,  136 

Nickel 519 

Nickel  steel 149,  152,  173,  495,  496,  502 

Nigger  head 442 

Nute,  Pilot 66 

Oblong  steel  pier 263,  265 

0£Bce  buildings 69,  402 

Calculation  of  stresses  in 76 

Columns  for,  98,  102,  i€>4,  402,  403,  404, 

405,  406 
Cost  of 433.  436 
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Office  buildings,  Erection  of 105,  441 

Estimates  for 426 

Floorbeams  for 99,  105,  403 

Floor  plans  of 99,  402,  403 

Foundations  for 100 

Loads  on. 70,  72,  103 

Spandrel  sections  for 100 

Specifications  for 103 

Oil  paint 513 

Oil  tanks 386 

Old  man 456,  460 

Open-hearth  steel,  62,  487,  494,  497,  499,  502, 
505.  507 

Ordering  material 415,  416,  417 

Ore  bins 318 

lyjcKts.   313 

Weight  of 311 

Out  of  wind 278 

Overrun  of  angles 221,  222,  411 

Packing  block 277 

pins 584 

spool 277 

Paint. 207,  440,  513,  515 

Paint,  Amount  of 440,  515 

Cost  of 435 

Proportions  of 515 

Painting,  31,  67,  146,  147,  217,  329,  363,  386, 
387,  430,  484,  515 

Painting,  Cost  of 438 

Panel 3 

Paneis,  Floor 99 

Panel,  Length  of 135,  175 

Parapet 268 

Paving 268,  428 

Pedestals, .  135,  144,  184,  186,  187,  188,   189, 
100,  191,  193,  194,  197.  423,  424 

Petit  bridge  truss 109,  558,  562,  564,  568 

Phosphorus 62,  488,  494 

Phosphor  bronze 520 

Piers,  Bridge 245,  248,  268 

Pig  iron 487 

Piles 57,  279,  296,  476 

Piles,  Bearing  power  of 75 

Specifications  for 281 

Pile  driver 279,  477 

foundations 94 

trestles 277,  281,  284 

Pipe,  Design  of 532,  534,  575 

Pilot  nuts 66,  146,  217,  467,  484 

Pilot  points 146,  217,  467,  484 

Pins,  58,  61,  62,  66, 143, 146,  210, 211, 217,  219 

Pins,  Cost  of 434 

Design  of 584 

Pin  holes 66,  146.  217 

packing 219 

plates 61,  143,  211 

Pin-connected  trusses 133, 191, 

197,  402,  435 

Pin  maul 452 

Pitch 3,  268 

Pitch  of  roof I4»  30.  55 

Pitch  of  rivets 60.  142,  143,  210 

Pitch  pockets 278 
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Pitch  streaks 278 

Pitched 268 

Pivoted  windows 40 

Pivoted  sash 36,  37,    41 

Placing  concrete 240,  243,  274 

Plans 55 

Plans,  Shop 67,  147,  218 

Plans  of  structures 81,  85,  389 

Planing 65 

Planing  edges 66 

Planing  metal 400 

Plan.  Floor 85 

Plank,  Floor 112k,  138 

Plastered  ceiling,  Weight  of 4t  69 

Plaster  walls 53 

Plates 416,  419,  420,  421,  422,  426 

Batten 61,  443 

Base 62,  144,  146,  586 

Buckle 315 

Flat 313 

Floor 194 

Fillers : 65,  211 

Minimum  thickness  of 380,  382 

Pin 61,  143,  211 

Sheared 415,  419,  420,  422 

Splice 65,  145 

Tie 61,  211 

Universal  mill 415,  420,  421,  422 

Wall 105,  144,  212 

Web 65,  142 

Plate  girders,  54,  57,  58,  no,  142,  149,  206, 
210,  212,  433»  435»  534»  S^i 

Cost  of 433,  435 

Design  of 220,  534,  581 

Erection  of 441 

Examples 184 

Field  rivets  in 438 

Flanges  in 220 

Plate  girder  highway  bridges, 123 

railway  bridges 173,  174,  175,  203,  400 

weight  of 150,  151,  152,  153,  155,  158 

Pleisner  s  experiments 321 

Pointing 268,  269 

Poisson  s  ratio 528 

Pole,  Electric  light 136 

Pony  trusses 213 

Portals 97,  149,  193,  198,  212 

Portals,  Stresses  in 563,  569 

Portland  cement 267,  522,  523 

Amount  of 240 

paint 516 

specifications  for 522 

Posts 277,  296 

Cost  of 434 

Newel 135,  136 

Pratt  truss. .  .  .10,  107,  108,  109,  121,  122,  565 

Pressure  on  bin  walls 302 

Pressure  on  foundations 75 

Pressure  of  grain 325 

Pressure  on  masonry 56,  75,  104 

Pressure  on  retaining  walls 225 

Product  of  inertia 535 

Proportions  of  concrete 240,  273 

Punching 216,  430 
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Purchase  ring ^  . . .  457 

Purlin,  3,  4,  9.  26,  27,  49.  50, '53,  54,  55,  56, 

«    t.59.62 

Push  car 459 

Quicksand 249 

Radius  of  gyration 548,  549,  550,  551 

Rafter 3,  18,  50 

Rail  jack 459 

Rails,  Cost  of 440 

Rails,  Fastenings  for 204,  208 

Rail  steel  reinforcement 509 

Railway  bridges.  Allowable  stresses  in,  173,  209 

Clearances  of 200 

Design  of 174,  219 

Details  of 175,  176 

Examples  of 184,  185 

Field  rivets  in 438 

Floors  for 176 

Impact  on 161,  162 

Loads  on 202,  208 

Painting 217 

Piers  for 255,  257,  258,  259,  260,  265 

Piles 281 

Shop  cost 435 

Specifications  for 188,  208,  483 

Steel  trestle 149 

Types  of 201 

Weight  of 150  to  158 

Rankine's  theory 225  226 

Ratchet 460 

Rate  of  hoisting 350,  360 

Reaming 65,  66,  145,  363,  435,  484 

Ream  wrench 454 

Red  heart 279 

Red  lead-paint,  67,  207,  438,  439,  514,  515,  516 

Reinforced  concrete 521,  526,  546 

Reinforced  concrete  floor,  34,1  i2h,  179, 180,  266 

retaining  walls 239 

Specifications  for 272 

Stresses  in 521 

walls 53 

Resilience 528,  535 

Resisting  moment 530 

Resisting  shear 529 

Retaining  walls 225,  268 

Reversal  of  stress 362 

Ridge  roll 24,  52,  59,  427 

Rigid  bracing 55,  137,  212,  361 

Rigid  members 207,  213,  222 

Rigging 447,  449,  450 

Ring 279 

Ring  dolly 455 

shake 279 

stones 268 

Riprap 268 

Rivet  buster 452,  462,  463 

clamp 456 

clearance 412,  413 

hammer 452,  456,  462 

heads 427 

holes 65,  145 

list 389 
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Rivet  pitching  tongB  ...,,...,♦ , ,  *  *  456 

snaps. 452,  456,  462,  467 

spacing.. 60,  142,  219,  410,  4^3 

stet4. 62.  383,  496,  505 

stickifig  tongs 456 

Rivcta 58,  65*  "45-  2i0i  ^^9*  379 

Clinch , 23t  ^4 

Conventional  signs  for* 398 

Diameter  of* *..-....*...,...     60 

Field. ^5,^t  14I1  J46»  ^it7»  3^31  4^^ 

Flange.  .  ,  .  . 142 

Maximum  diameter  of .  * 60,  143 

Fitch  of ..,60,  142,  143 

Size  of , 144,  215 

Riveting. 145,  216,  467 

Cost  of 436,  437,  438 

bins 332,  333 

stand  pipes 387 

^lanks.  . ...  .373,  375 

Riveted  bridges,  Examples  of,  iig^  12O,  127^ 
J78.  151,  194,  401 

Riveted  bridges*  Field  rivets  in. . . , . .  .437,  438 

Riveted  connections. ...  ,3 19,  595 

joints 370,  37a,  380,  53a,  597 

girdi^rs.  ......    ...    ,.,.,,,,......,.,  403 

tension  members. 143 

Road  rollers,  ,...,.......,..., liad^  1 17,  139 

Rods 61.  62,  416 

Rods,  Anchor.  ...*...,, ♦ . , .  .94,    95 

Minimum  size  of. 142 

Rollef^,  53,  57,  63,  66,  133,  134,  141,  144,  T 46, 
184,  186,  188,  189,  191,  193,  194,  197,  206, 
aog  212.217,434,  534.  579 

Rolling  loa<ts. ..%  ............... . . .  542 

Roof  covering,   4,   7,    15,    i8»   26,   56,   71,   74 

Roof,  Pitch,  see  pitch  of  roof 

Roof  trusses,  7,  11,  15,  16,  17,  18,  46,  4%  53, 
54.  55p  *o5,  354,  359.  433.  441 

Roof  trusses,  Ertctioa  of 441 

Spacing  of. 14,  62 

Stresses  in .7,  552 

Types  of . , .  . . , 9,  10 

Weight  of.  , .    .-^3t55 

Roof  for  steel  bin 335,  336,  337 

steel  tank .372,  375,  38* 

steel  stand*pipe, ....,,_,, 382 

Roofing .23,  28,  29,  51,  423,  438,  439 

Corrugated  steel 28,  ^,    51 

Cost  of 439 

Slate* ......    29 

Tar  and  gravel,  **,,**,.,,, ^,    32 

J}^*-' * '.-3l.54ni 

Tin. ,. . .        31 

Rooster. . .,,,,.,*. . . , . , .  469 

Ro|X%  Cost  of  .....,*.,.,,.,.,.. , 440 

Rope*  Hoisting 341, 443,  444 

Rot  .....,*..,,,*....*.......,.,*,**.,  279 

Rubbed ,  268 

Rubble. , , 268 

Rubble  concrete.  .......•..,...,*.  .266,  274 

Rubble  stone  *.,,.,,, *,.......,.  271 

Rules  for  shop  drawings 391 

Rupture  strength .,......,......,.,,»,.  328 

Rust*  ...•,,*,. 513 


Safe  bearing  of  soils ..... .56,  75,  236, 

Safe  loads  on  cornigatcd  steel,  p .  . . . . 

flc>t*rs.  . 

piles.  ................... .5; 

slabs.  ...................... 

Safety  hooks 

Sag  rod *.,..*.*.,, 

Sand,  Amount  in  concrete. .......... 

Sand  bin .300,  301 , 

Sand  blast 

Sand,  Friction  of ...-.,..,...,.... . 

Sand,  Weight  of 

Sandstone,  Weight  of , 

Sandwich  door.  ................... 

Sapwood. ........................ 

Sash ^ 

Sash  brace. 

Saw  tooth  roof 8, 

Section  modulus. * 

Segmental  rollers. ,....*.. 

Segmental  bottom.  ................ 

Separators. .83,  277,  297, 

Set,  Rivet .452,  456, 

Schneider,  C.  C.  ................ 7* 

Scale  hoppers. 

Screens ........................... 

Screw  bolt 

pile.  .**..**».    

thread 66, 

Shackle. ......................... 

Shackle  bar. 

Shaft,  Torsion  in 

Shake .  * ,,...,,....... 

Shaking  screen. 352,  355, 

Shallow  bins.  ,*.... 

Shear 57i  5^6>  529,  531 , 

Shear  in  beams. .,...*..  5, 

Shear  in  bridges ,. .  r 

Shear  in  concrete.  .  .  * 

Shear,  Elastic  deformation  due  to.. , . 

Shear  in  lacing  bars. ...... . . . . . 

Shear  in  plate  girder, , .......,.,,.. 

Shear  in  rivets.  .  ,  ,  , .  ,,.,*...,*,,.. 

Shear,  Corrugated  steel.  . .  * 

Shear  legs 

Sheared  plates, ................ 419, 

Sheathing 3i  4*  3^^  3^»  J 

Sheaves     . . . .  346^  34S,  350,  360,  363, 

Sheet  pile^. ,  .  .^ , 

Shipping  invoice.  , , .  * .  * 

Shim 

Shoes. , . .  133,  184,  1S6,  187,  iSa,  279, 
Shop  bills.  .,..............*-..... 

Shop  coat  of  p^int .  .    ...*..... 

Shop  cost  of  bins. .,.....,. 

bridges ^ ......  *, 

columns ............. . , . 

combination  bridges. ....... 

culverts. .......    .  *,. . 

cave  struts.  *......♦.»    . .    . . 

floorbeams ........ 

eye  bars. ,,    ,,. 

grain  bins.  *,*...,*......,,., 

Howe  truss  metal. .......... 
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Shop  cost  of  office  buiMings 433 

plate  girders 433,  435 

pins 434 

posts 434 

roof  trusses 433 

stand-pipes 433,  434 

steel  mill  buildings 433 

steel  head  frame 347 

structural  steel 429 

tanks 433,  434 

towers 434 

tubular  piers 435 

Shops,  Design  of 7 

Shop  details 55,  396,  397 

Shop  doors 43 

Shop  drawings 138,  389,  400,  401,  402,  403 

Shop  drawings,  Cost  of 429 

Shop  drawings,  Rules  for 391,  398 

Shop  floors 8,  32.  33,  34,  54,  67,  147 

Shop  plans 195,  196,  218 

Shop  rivets,  see  "Rivets" 

Shutters 59 

Sidewalks 113,  115.  275 

Signal  bridges 157 

Silicon 488,  494 

Sill 277,  296 

Skeleton  construction 69 

Skew  bridge 108 

Skips .346,  348,  362 

Skylight 4.  8.  ".  38.  54.  60,  428,  440 

Slabs,  Safe  loads  on 547 

Slate,  Weight  of 4.  30,  69 

Slate  roofing 28,  29,  30,  53,  54,  56 

Slate  roofing,  Cost  of 440 

Sleeve  nut 572 

Sliding  door 43,  46,  48,  60 

Sliding  sash 36,  37 

Slope  wall 268 

Snap,  Rivet 452,  456,  462,  467 

Snatch  block 447,  448 

Spacing  columns 98 

girts 59 

plate  girders 179 

purlins 55.  59.  ^ 

trusses 55,  62,  202,  203,  208 

Spall 268 

Spandrel  sections 96,  100,  268 

Span,  Length  of 55 

Snow  loads 4.  56,  72,  553.  55^ 

Snow,  Weight  of 4,  69 

Soffit 268 

Specifications  for  cast  iron,  215,  297,  384,  488 

coal  tipples 361 

concrete  floor 32 

erection 483 

minting 67,  217 

Portland  cement 522 

retaining  walb 241 

shop  floors 32 

stone 269 

steel 62,  105,  213.  272,  363,  383 

steel  castings • 510 

head  frames 361 

highway  bridges 137 


Specifications  for  steel,  mill  buildings 55 

office  buildings 102 

railway  bridges 188,  208 

reinforcement 272,  507,  509 

stand-pipes 379,  386 

tanks.    379.386 

tar  and  gravel  roof,  t 32 

timber  bridges 292 

timber  piles 281 

tubular  piers ....  257 

wrought-iron 215,  297,  491 

Spikes 297 

Splices 61,  90,  91,  211,  363,  584 

Splices,  Indirect 144,  211 

Splices  in  plate  girder 220,  583,  596 

Splice  plates 145,  216 

Split  bolt 95 

Spool 442,  443 

Spouts 335 

Spud 454 

Stack  collars 427 

Stack  flashing 29 

Stand-pipes 365 

Allowable  stresses  in 382 

Design  of 381 

Erection  of 442 

Painting 387 

Shop  cost  of 433,  434 

Standard  angle  connections 595 

Stark-weather 249 

Starred  angles 578 

Steamboat  jack 460 

Steamboat  ratchet 460 

Steel  bins .299,300,359 

castings..    .    .63,  66,  146,  213,  217.  487,  510 

coal  tipples. 361 

column  bases 94 

columns 104 

Corrosion  of 513 

cylinder  piers 262 

details 571 

door 44,  46,  47,  60 

erection 67,  328,  329,  441 

estimates 425 

grain  elevators .  .319,  329,  337 

head  frames 339,  348,  352.  355,  359,  361 

highway  bridges 107,  1 10,  1 15 

Inspection  of 67,  146,  518 

joist 138 

Steel  mill  buildings,  Allowable  stresses  in,  8,  57 

Cost  of 433.  436 

Design  of 7 

Erection  plan  of 408,  44^ 

Estimates  for 425 

Examples 49.  53.  54 

Steel,  Minimum  thickness  of 210 

Steel  office  buildings 69,  70,  81,  103 

Erection : 105 

Specifications  for 103 

Weight  of 70 

Steel  plate  flooring 34 

Steel  railway  bridges 149 

Specifications  for 209 

Weight  of I  151 
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Steel  reinforcement.  . *27a.  5o7.  5^9 

Specifications  for,  62,  105,  213,  272,  363, 

Steel  stand-pipe .$0$,  3o7 

Steel,  Strength  of  . ,.  . 62 

Steel  tank.  . 365t  380,  381 

trestle.  ... 150.  '5^ 

tubular  piers. . .  .255,  262,  263^  264,  265,  478 
Stiffener^,  58,  61,  65.  142,  145,  207,  212,  216, 
221.  423 

StiflTeners  in  bins - 3^7-  333 

Stile 38  to  43 

Stirrups. 547 

Stiff-leg  derrick. 4^8  4^9^  47^i  47i*  47^ 

Stone,  Amount  of 240 

Stone  bins. . 3^^ 

Stone  masonry 269 

Stmight ^78 

Strain , 5^7 

Strength  of  cast-iron ^S-  4^8 

chains +  -  ■  ^  45* 

concrete. ,..♦.**  520 

masonry. ...,....,. ...  237 

Portland  cement, -  -  ■  ■  5^3 

steel, 62,  494,  50S,  509 

steel  castings .,»,.,.....  .496*  51 1 

timber .,,.,., 29B 

wire  rope.  , 341 ,  443-  444 

wrought  iron , ,  -  -  65,  491  *  49^,  49^ 

Stress .*-........,..... 527 

Sttt^ss  diagram. .  -  -. ,I73.  I74^  389,  422 

Stress  due  to  weight* . , 57*  «4^«  ^^^ 

Stresses. ,,...*....,..,.  53 1 

Alternate - 57 

Allowable,  S,  62,  80,  105,  115,  205^  209.  362, 
379.  382.  387 

Diagram  for .173.  U4*  4^2 

Impact, , .  , . , 161,  205,  208 

Maximum 1 60 

Stresses  in  beams 5^9^  53^  to  545 

bins ., 299 

bridge  trusses. .......... .558,  559  to  569 

circular  girder 367 

columns, ,  ,  * 3^8 

deep  bins , 319 

elevated  tanks ,..,... 366 

end-post. * .  ■  -  222 

eye-bar 586 

flat  plates -  «3l3r  535 

framed  structures 552 

grain  bins.  . , , , , , 319 

htjoks. 533 

lacing  bars.  ,  .  . , 598 

masonry .  ... ....  56,  75 

office  buildings 76^  79 

pins » 584 

pipes. 534 

portal. ^  ^$^^*  5^ 

riveted  joint ..*.,.  .366,  370*  532 

rollers. 534 

roof  trusses.  .  *  . * *.....  552 

shallow  bins.  .........,....,,,  1,. .  307 

stand-pipes ..,,....  365 

eteel  buildings.  .....,..* 57 


Stresses  in,  suspension  bunker ....... 

timber  floors.  .  .  .  , .  ^ 

transverse  bent. .............. 

trestle  bent. . .  - . 

wire  rope. .,,........,.,,.... 

Stretcher ..............  h 

Stringers,    13S,    177,    199,  212    216, 

283,  284,  297,  434 

Strut 

Strut,  Single  an^le. 

Structural  drawmg. 

Structural  mechanics. 

Structural  ateeU  Cost  of .  .  . 

Erection  of ................. . 

Estimates  of 

Specifications  for,  62,  1 05,  213, 
502.  505 
Structural  timber.  Defects  cjf ...... . 

Structural  timber,  Definitions  of.  ..  . 

Stub  abutment.  ..... 

Sub-purlin. 

Sub-f^ill 

Sulphur. .  ,62,  213,  488,  494,  497p  499 

Summer  wocxi. , . 

Suspension  bunker.  . 

Sway  bracing,  . 149,  223 

Swing  door..  ...,,,... ♦ . . . . 

Swedge  bolt. . . 

T  Abutment. ....... 

Tackle , ,  —  ,,,,..,. 

Talbot.  A,  N.T  Formula  for  waterwa 
Tank  details 373,  374 

Erection  of .....,..,,..,.,..,. , 

Painting. 

Shop  cost  of. 

Taper  plates. .,...,...,... 

Tar  and  gravel  roofing »  4,  29,  32,  5 

Tar  paint 178 

Tees .,...., 

Templet  shop.  .,,....,...,.,,.*.. 

Tension. 

Test  of  cast-iron.  ............,*,.. 

Tests,  I  mpact .................... 

Tests  of  steel.  62,  63,  67,  105,  314, 

386,  497,  500,  503,  504,  507,  509 

Tests  of  wrought  iron .............. 

Theorem  of  three  moments 

Thickness  of  walls. * . 

Three-hinged  arch ..,...'.....,...., 

Through  traveler. . , , .  ,47^ 

Tic  plates.  ...,.,...* 61 

Tie  rods 

Ties,   117,  138,   177.   179.   180,   199, 
208.  277,  282,  283,  297,  593 

Tile  roof. 4.  18.  31,  5^ 

Timber.  ,  . , , . , 

Timber,  Allowable  stresses  in 

Timber  ballastc^  floor.  . . . . 

block  floor. .................... 

bridges,  277,  285,  286,  287,  290, 

294i  295 

buggy , 

columns. 
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Timber,  Defects  in 278 

doors 43,  45»  60 

floors 8.  33.  34»  35.  126,  176,  177 

hook 458 

Howe  truss 288 

joist 138 

piles 57 

purlins 62 

Stresses  in 35,  58,  138,  204 

Specifications  for « 144 

travelers 474,  475,  480 

trestles 277,  282,  283,  284 

Weight  of 69,  204,  208 

Tin  roofing 4,  31,  440 

Tobin  bronze 520 

Tongs 456 

Tools  for  erection  of  stsel,  67,  105,  463,  464, 
465,  466,  467 

Top  chord 195.  222,  397 

Torsion  in  shafts 533 

Towers 137,  222,  434 

Tower  struts 212 

Translucent  fabric 41 

Transverse  bent.  3,  7,  9,  12,  14,  17,  18,  49,  54, 
77,  556,  590 

Transverse  bracing 18,  212,  223 

Traveler 468,  470,  472,  478 

Traveling  crane 12 

Trestle  . .  150,  277,  282.  283,  284,  441,  563,  569 

Trestle  towers 137 

Trestles,  Weight  of  steel 158 

Trimmers 453 

True  stress 534 

Truss,  see  und2r  bridge,  roof,  etc. 

Tubular  piers 255,  435,  437 

Turnbuckle 57^ 

Turned  bolts 65,  145,  216 

Two-hinged  arch I3»  ^4 

U  abutment 245,  246 

Ultimate  deformation 528,  532 

Ultimate  stress 527 

Uniform  loads I5i»  I59 

Unit  stress 5^7 

"Jniversal  mill  plates 415,  420,  421,  422 

Upsets  for  bars 3^3 

Upset  rods 61 

Ventilators.. 3,   12,  29,  43,  44,  59»  423.  425 

Ventilator,  Monitor 3»  i ' 

Ventilating  buildings 9 

Viaducts,  Erection  of 441 

Voussoirs 268 

Wall  anchors 105 

Wall  plates 104,  105,  I44.  212 

Walls,  Details  of 96 

Mill  building 7 

Thickness  of. 75 

Wane 278 

Warren  truss 108.  109,  5^5 

Washers 287.  297 

Water  jet 279 

Water,  Weight  of 69 


PAGE 

Waterproofingi  Cost  of 440 

Waterproofing  floors,  35,76,ii2n,  178,  179,  180, 
181,  182 

retaining  walls 243 

Watertight  joints 370 

Waterway  for  bridges 250 

Web  plates. .    .  .58,  65,  142,  145,  216,  220,  432 

spiice 583,  596 

stiffeners,  58,  61,  65,  145,  207,  212,  216,  221 

Wedge 287,  458 

Welds  66,  146,  216,  217 

Weight  of  ashes 69 

ballast 179,  204,  208 

bars 572,573 

beam  bridge 1 13 

bracing 4 

building  materials 69 

cast  iron 69 

coal  tipples 360 

columns 4 

concrete 69,  204,  208,  381 

conductors -i 26 

corni^ted  steel 4,  15,  25 

covenng 56 

draw  spans 157 

electric  railway  bridges 115 

girts 4 

gutters 26 

head  frames 347,  348,  350 

highway  bridges no,  115 

hoisting  engines 443 

locomotives 154,  205 

louvres 24 

masonry 237 

materials. 4.  69,  73,  146,  3" 

office  buildings 70 

plate  girders,  112,  150,  151,  152,  153,  I55. 
158 

purlins 4,  56 

rails  and  fastenings 139,  204,  208 

railway  bridges,  150,  151,  152,  153,  154, 

155,  156,  157,  158 

railway  viaduct 158 

ridge  roll 24 

roof  arches 13 

roof  covering 4 

roof  trusses 3,  55 

roofing 74 

sheathing .• 56 

slate 4,  30,  56 

skylight  glass 4 

signal  bridges 157 

skips 350 

snow 4,  69 

steel 69,217,  384 

tiles 31 

tile  roofing 56 

timber 204,  208 

trestle  towers 158 

tin 4 

.wrought-iron 69 

Weight,  Stress  due  to 57,  142,  222,  589 

Wheel  guards 138,  177,  208,  281 
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Wheel  loads,  153,  162,  163,  164,  165,  166,  167, 
168,  169,  170,  171,  172 

Whipple  truss 109 

White  lead 514 

Wind  bracing 97,  98,  100,  loi,  102 

loads,  5,  56,  71,  72,  103,  140,  205,  209,  379 

shake 278 

stresses,  76,  78,  141,  209,  327,  379,  553.  556, 

589 

Width  of  angles 41 1 

Windows,  8.  36,  37,  38,  60,  96,  329,  422,  427, 

440.481,54b 

Wing  abutment 245,  246 

Wing  wall 268 

Wire  glass 8,  38,  54,  60,  69 

netting 8,  28,  29,  52,  53,  59 

„/ope. 341,  440.  443.  444.  480 

Wood  sash 36,  37 


Wooden  doors 43,  45,  60 

floor 8,  34 

trestle 277 

Work 528,  535 

Winch 442,  443 

Wrench 453,  455,  461 

Wrought-iron,  65,  69,  215,  297.  487,  489,  491, 
492 

X-brace *. 277 

Yellow  pine 298 

Yield  point 528 

Zees 417,  418,  514 

Zinc •. 519 

Zinc  paint 51 4 
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Those  familiar  with  Professor  Ketchum's  book  on  Steel  Mill  Buildings  will  welcome 
this  pioneer  treatise  on  bin  design,  which  is  characterized  by  the  same  thoroughness,  clear- 
ness and  logical  and  systematic  arrangement  displayed  in  the  former  volume.  ...  A 
valuable  feature  of  the  book  is  to  be  found  in  the  tables  of  costs  of  actual  structures  which 
are  included  wherever  possible  and  analyzed  so  thoroughly  as  to  be  of  the  greatest  assistance 
and  value.  For  practical  data  and  scientific  and  theoretical  accuracy.  Prof.  Ketchum's 
book  can  be  recommended  to  the  student  and  practicing  engineer  alike. — The  Engineering 
Magazine,  November,  1907. 

This  book  will  be  welcomed  by  the  constructing  engineer  as  the  first  authoritative 
and  elaborate  contribution  to  technical  literature  on  the  perplexing  subject  of  the  design 
and  construction  of  coal  and  ore  bins.  .  .  .  The  portion  of  the  book  which  relates  to 
coal  and  ore  bins  is  the  largest,  and  this  will  make  it  appeal  especially  to  mining  and  metal- 
lurgical engineers.  They  will  find  the  admirable  study  of  retaining  walls  to  be  scarcely 
less  useful. 

Professor  Ketchum  is  well  known  as  the  author  of  "The  Design  of  Steel  Mill  Build- 
ings," which  won  high  appreciation  because  of  its  eminently  practical  character.  His 
present  work  is  one  of  the  same  order,  and  will  take  a  high  place. — The  Engineering  and 
Mining  Journal,  June  8.  1907. 
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EXTRACT  FROM  PREFACE 

The  increase  in  live  loads  due  to  the  extensive  use  of  heavy  motor  trucks,  tractors 
and  traction  engines,  and  the  increased  use  of  reinforced  concrete  in  building  highway 
bridges  have  made  it  necessary  to  rewrite  this  book.  The  scope  of  the  book  has  been 
extended  so  that  the  book  now  covers  the  design  of  concrete  and  timber  highway  bridges 
as  well  as  steel  highway  bridges.  The  design  of  both  the  superstructure  and  sub- 
structure of  highway  bridges  is  discussed  in  detail.  The  discussion  covers  all  the  details 
of  constructing  highway  bridges,  including  the  calculation  of  the  stresses,  the  design,  the 
estimate,  the  contract,  and  the  erection  and  construction. 

The  same  size  of  type  page  and  size  of  type  as  are  used  in  the  author's  "Structural 
Engineers'  Handbook"  are  used  in  this  book. 
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It  is  a  pleasure  to  record  the  publication  of  another  book  by  Professor  Ketchum. 
His  books  are  alwa)rs  examples  of  what  technical  treatises  should  be,  and  this  volume 
is  no  exception  to  the  rule.  This  volume  is  a  self-contained,  concise  and  valuable  text- 
book for  the  student  or  structural  engineer  who  wishes  to  become  f^*nn«flr  ^ith  the 
design  of  mine  structures. — Canadian  Engineer,  July  4,  191a. 

This  is  a  new  book  in  a  fidd  never  previously  covered  in  a  satisfactary  manner. 
The  various  subjects  described  and  illustrated  are  based  00  good  practical  working 
plants  and  make  them  particularly  valuable  for  reference.  The  author  is  to  be  highly 
commended  for  producing  so  useful  a  book. — Mining  and  Sdeniific  Press,  July  6,  19 12. 

So  far  as  we  are  aware  this  book  has  no  counterpart  in  recent  technical  literature. 

— Mines  and  Minerals,  July,  19 12. 
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The  object  of  the  authors  as  stated  in  the  preface,  is  first  "to  provide  a  simple  and 
comprehensive  text,  designed  to  anticipate,  rather  than  replace,  the  usual  elaborate 
treatise;  second,  to  bring  the  student  into  immediate  familiarity  with  approved  surveying 
methods;  third,  to  cultivate  the  student's  skill  in  the  rare  art  of  keeping  good  field  notes 
and  making  reliable  calculations.*' 

In  this  the  authors  have  succeeded  admirably.  As  a  pocket  guide  to  field  practice 
for  students,  probably  nothing  better  has  been  produced.  Especially  are  the  instructions 
In  regard  to  keeping  field  notes  to  be  commended.  Many  engineers  have  found  that  it 
has  taken  years  to  obtain  this  art.  so  generally  neglected  in  the  work  of  engineering  schools. 
— Journal  of  Western  Society  of  Engineers, 

The  scope  of  the  book  is  large,  and  the  various  subjects  included  are  treated  not  in  a 
descriptive  but  in  a  critical  manner.  The  book  is  well  arranged  and  is  written  In  a  clear 
oondse  manner,  which  should  make  its  study  easy  and  pleasant. — Engineering  News, 

It  gives  the  student  just  the  information  he  needs.  The  book  is  a  gratifying  indication 
of  tive  importance  attached  to  tlie  cultivation  of  habits  of  neatness  and  celerity  in  the 
authors'  methods  of  instruction. — Engineering  Record, 
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